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Although arsenic poisoning is usually associated with foul play, these elements may be
consumed in connection with cultural and lifestyle preferences as showed in an examination
of traditional Chinese medicines /68/. The arsenic content in the herbal balls varied from
0.1 mg to 36.6 mg per ball where the masses of the balls varied from 2.5 g to 9.0 g. The
prescribed adult dose of two balls daily leads to a maximum elemental intake of 73.2 mg
arsenic. Chronic and acute arsenic poisoning of 74 traditional Chinese medicine consumers

in Singapore was reported in 1975 /69].

Techniques employed

Several techniques are commonly employed for the qualitative and quantitative
determination of arsenic. Some of these include: the Gutzeit method and the Reinsch Test
[70 - 73], silver diethylcarbamate colorimetric method /74/, radioactive methods /73], XRF
[68], AAS [68], GFAAS [59], ICP-AES [76] and ICP-MS [77 - 81].

After they compared results obtained by AA and ICP-MS, Tanaka et al. [/77] concluded that
the sensitivity of AAS for arsenic determination is inferior to that of ICP-MS. Other
workers showed the advantages of ICP-MS as compared t6 ICP-AES for the determination

of arsenic /82].

Polyatomic ion interferences

Characteristics of polyatomic ions

Compared to elemental isobaric overlap, polyatomic or adduct ions cause more serious
problems to ICP-MS analysis. In this form of spectroscopic interference the polyatomic ions
result from the short-lived combination of two or more atomic species. Argon, hydrogen
and oxygen are the dominant species in the plasma and they may combine with one another
or with elements in the analyte matrix to form polyatomic ions. Although the composition
of the gas extracted from the plasma at the interface is effectively frozen within
approximately 1us of leaving the plasma, fast ion molecule reactions can occur between
species present in the gas. Although a large number of polyatomic ions can form, they are

only significantly detected below 82 m/z [83].

A number of authors /29, 30, 34, 84 - §6] have examined the factors affecting the formation

of polyatomic ion interferences; these include: extraction geometry, operating parameters for
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Table 4.1: Relevant data of arsenic and the internal standards investigated /50].

Atomic  Element Mass | Relative | Atomic mass First Second
no. no. | abundance | (gmol™) ionisation ionisation
potential potential
(eV) (eV)
17 Chlorine 35 75.53 35.453 13.02 23.80
37 24.47
18 Argon 36 0.337 39.948 15.76 27.63
38 0.063
40 69.600
21 Scandium = 45 100.0 44956 6.56 12.80
33 Arsenic 75 100.0 74.922 9.82 18.63
39 Yttrium 89 100.0 88.905 6.53 12.23
57 Lanthanum | 138 0.089 138.91 5.61 11.06
139 99911

A certified solution of As containing 1000 mg dm™ of the element in 2.5% HNO; was
employed for the preparation of the calibration and sample solutions (Spectrascan,
Teknolab A/S, Drobak, Norway). Certified solutions of Sc and Y each containing 1000 mg
dm™ of the element in 2.5% HCl were used (Spectrascan, Teknolab A/S, Drobak, Norway).
A certified solution of La containing 5000 mg dm> of the element in 2.5% HNO; was used
for the preparation of a stock solution (Spectrascan, Teknolab A/S, Drébak, Norway). A
stock solution of La containing 1000 mg dm™ of the element in 2.5% HNO; was prepared.
High purity hydrochloric acid (> 32%) and nitric acid (> 65%) (Fluka) were used for the
preparation of acidic solutions. High purity water with resistivity 18.2 MQ cm (Millipore
Corporaii‘on, United States of America) was used for dilutions.

All solutions were prepared in pre-conditioned plastic laboratory ware. A-grade pipettes and
volume adjustable pipettes were used for the transfer of solutions.  All solutions were
transferred to clean PTFE holders which were placed on the sample rack of the autosampler
of the instrument.

Optimisation of the instrument ,
The instrument was optimised as described in chapter 2. A warm-up time of three hours
was allowed before any analyses were performed in order for instrumental conditions to
equilibrate.
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to be 1.010 g dm™ As. The results of the analysis as well as the time drift corrected values can

be seen in tables 4.6 to 4.8.

In all three cases the matrices containing only nitric acid resulted in acceptable values of
approximately 20 ug dm™, while the hydrochloric acid containing matrices resulted in

unacceptably high values.

Table 4.6: Results of quantitative determination of As using **Sc as internal standard. Results are also
shown for time drift corrected values. First order equation used: (y = 0.0138x + 19.097) and second

order equation used: (y = -0.0001x* + 0.0489x + 17.255)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) | first order drift | second order drift
(minutes) curve curve

(ug dm”) (ug dm?)
44.57|Drift control - 20 ug dm™ As -19.11 19.39 19.89
51.83]20 ug dm” As in 0.10% v/v 18.45 18.62 18.92
HNO,
59.10/20 ug dm™ As in 0.50% v/v 19.62 19.70 19.84
HNO,
66.42|120 ng dm? As in 1.00% v/v 19.34 19.33 19.31
HNO,
73.68(20 ug dm? As in 1.50% v/v 19.48 19.37 19.21
HNO,
80.95/20 g dm As in 2.00% v/v 19.10 18.90 18.62
HNO;
88.22|20 g dm™ As in 2.50% v/v 19.92 19.62 19.22
HNO,
142.48(20 ug dm™ As in 0.10% v/v 33.44 31.75 3033
HCI
149.82|120 ug dm™ As in 0.50% v/v 107.49 101.57 96.92
HC1
157.18|20 g dm™ As in 1.00% v/v 198.93 187.09 178.43
HCl
164.55/20 pg dm™ Asin 1.50% v/v 272.73 255.27 243 .46
HCI
171.92/20 ug dm™ As in 2.00% v/v 347.81 324.01 309.18
HCl
179.30|20 g dm? As in 2.50% v/v 414.84 384.62 367.39
HCl
188.58|Drift control - 20 ug dm™ As 23.59 21.75 20.81
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Time Sample name [As] Corrected with Corrected with
difference (vg dm™) | first order drift | second order drift
(minutes) curve curve

(ug dm) (ug dm™)

220.02|20 ug dm™ As in (0.10% v/v

HNO, + 0.10% v/v HCI) 36.71 33.17 32.15
227.40[20 ug dm™ As in (0.50% v/v

HNO,; + 0.50% v/v HCl) 123.26 110.87 107.92
234.78120 ng dm™ As in (1.00% v/v

HNO; + 1.00% v/v HCI) 221.72 198.53 194,17
244.08 | Drift control - 20 xg dm™ As 2147 19.12 18.82
296.78| Drift control - 20 ug dm™ As 22.91 19.76 20.51

Table 4.7: Results of quantitative determination of As using *Y as internal standard. Results are also

shown for time drift corrected values. First order equation used: (y = 0.0223x + 18.810) and second

order equation used: (y = -0.0001x? + 0.0679%x + 16.414)

Time Sample name [As] Corrected with Corrected with
difference (ug dm?) | first order drift | second order drift
(minutes) curve curve

(ug dm’) (ug dm”)
44 57| Drift control - 20 ug dm™ As 19.07 19.26 19.90
51.83/20 ng dm™ As in 0.10% v/v 18.64 18.67 19.06
HNO;
59.10 20 pg dm™ As in 0.50% v/v 20.03 19.91 20.09
HNO,
66.42120 ug dm™ As in 1.00% v/v 19.37 19.09 19.07
HNO,
73.68|20 ug dm™ As in 1.50% v/v 19.75 19.31 19.11
HNO;
80.95|20 ug dm™ As in 2.00% v/v 19.15 18.57 18.23
HNO,
88.22|20 ug dm” As in 2.50% v/v 19.92 19.18 18.69
HNO;
142.48/20 g dm? As in 0.10% v/v 35.79 32.55 30.76
HCI
149.82|20 ug dm? As in 0.50% v/v 120.47 108.78 102.68
HCI
157.18|20 ng dm™ As in 1.00% v/v 233.19 209.00 197.18
HCI
164.55|20 ng dm™ As in 1.50% v/v 322.11 286.59 270.42
HCl
171.92 20 ug dm™ As in 2.00% v/v 423.95 374.45 353.60
HCl
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Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve

(1g dm™) (ug dm*)

164.55|20 pg dm™ As in 1.50% v/v 360.85 306.70 287.48

HC1 '
171.92(20 g dm™ As in 2.00% v/v 481.37 405.44 380.38

HCI
179.30/20 g dm™ As in 2.50% v/v 599.61 500.48 470.32

HCl
188.58 | Drift control - 20 g dm™ As 26.70 22.04 20.77
220.02120 pg dm™ As in (0.10% v/v

HNO, + 0.10% v/v HCI) 43.98 3497 33.55
227.40|20 ug dm? As in (0.50% v/v ,

HNO, + 0.50% v/v HCl) 156.97 123.76 119.40
234.78|20 ng dm™ As in (1.00% v/v

HNO, + 1.00% v/v HCI) 297.13 232.30 225.54
244.08|Drift control - 20 ug dm™ As 24.94 19.30 18.90
296.78|Drift control - 20 ug dm™ As 26.73 19.51 20.47

% Ar. ¥Cl and *’Cl as internal standards

Correlation coefficients of 0.9999 were obtained when using the *Ar and *’Cl isotopes as
internal standards. In the case of **Cl the correlation coefficient was 1.0000. The detection
limits were calculated to be 1.062 ng dm™ As, 0.493 ng dm™ As and 1.057 ug dm™ As in the

cases of ¥Ar, 3Cl and *Cl. The results of the analysis can be seen in tables 4.9 to 4.11.

For *®Ar slightly lower values than 20 xg dm™ were obtained in the case of matrices only
containing various amounts of nitric acid, but after drift correction was applied acceptable
values wéfe obtained. In the case of **Cl, values of approximately 20 xg dm™ were obtained
for matrices containing only nitric acid, but after drift correction, values higher than 20 xg dm™
were mostly obtained. *Cl as internal standard yielded values of approximately 20 ng dm™ for

acidic matrices not containing hydrochloric acid.

In all the cases with all three the internal standards, unacceptable values were obtained when

hydrochloric acid was present in the matrix.
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4.5.3  Effect of using molecular (mass 75 / mass 77) corrections in a 0.10% v/v HCI matrix on the
quantitative determination of arsenic
This factor depends upon the formation of the **Ar*°Cl and “Ar’’Cl molecular interferences at
masses 75 and 77. It is calculated by measuring the intensities at masses 75 and 77 for a blank
solution containing no arsenic or chlorine and for a solution containing a small amount of
chlorine but no arsenic. The ratio of the intensities at the two masses is then determined after
the blank values have been subtracted. It is then assumed that the formation of the dimers is
constant in the plasma and the intensity at mass 75 can subsequently be corrected for the

contribution by the “Ar**Cl dimer at mass 75.

The correction factor when a blank and a 0.10% v/v HCI solution were measured was 3.275.

(The theoretical ratio of the relative abundances of the *Cl to the *’Cl isotopes is 3.087.)

No internal standard

When only the correction factor of 3.275 was used with no internal standard the correlation
coefficient of the calibration curve was 1.0000 and the detection limit was 1.706 ng dm? As.

The results of the analysis can be seen in table 4.12.

The matrices containing only nitric acid and no hydrochloric acid yielded values of
approximately 20 ug dm”. Due to the applied correction the values obtained for the solutions
containing 0.10% v/v to 1.00% v/v HCl, (0.10% v/v HNO; + 0.10% v/v HCI) and (1.00% v/v
HNO; + 1.00% v/v HCI) were acceptable.

Table 4.12: ResUﬁs of quantitative determination of As using no internal standard and the molecular
correction factor (mass 75/ mass 77) at 0.10% v/v HCL. Results are also shown for time drift corrected
values. First order equation used: (y = 0.0081x + 20.274) and second order equation used:

(y=-1x10%% + 0.0125x + 20.039)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve

(ug dm”) (ug dm”)
44.57|Drift control - 20 ug dm? As 20.59 19.96 20.01
51.8320 ug dm™ As in 0.10% v/v 19.98 19.31 19.35
HNO,
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Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm”) (ug dm)
164.55120 pug dm™ As in 1.50% v/v 0.98 1.48 1.99
HCl
171.92120 ug dm™ As in 2.00% v/v 0.98 1.53 2.08
HCI
179.30(20 pg dm? As in 2.50% v/v 0.95 1.51 2.07
HCl
188.58|Drift control - 20 ug dm™ As 7.50 12.34 16.99
220.02{20 pg dm™ As in (0.10% v/v
HNO; + 0.10% v/v HCl) 2.95 5.45 7.28
227.40(20 pg dm™ As in (0.50% v/v
HNO; + 0.50% v/v HCD) 1.22 2.32 3.04
234.,78(20 ug dm As in (1.00% v/v
HNO; + 1.00% v/v HCI) 1.09 2.14 2.73
244.08 Drift control - 20 xg dm™ As 11.39 23.34 28.74
296.78|Drift control - 20 ug dm™ As 8.87 23.69 20.20

Table 4.18: Results of quantitative determination of As using *’Cl as internal standard and the molecular

correction factor (mass 75 / mass 77) at 0.10% v/v HCL. Results are also shown for time drift corrected

values. First order equation used: (y =-0.0108x + 19.876) and second order equation used:

(v = 7x107°x* - 0.0344x + 21.114)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm?) (ug dm")
44 .57 |Drift control - 20 ug dm? As 19.78 20.40 20.06
51.83|20 g dm™ As in 0.10% v/v 19.20 19.88 19.68
HNO,
59.10120 ug dm™ As in 0.50% v/v 19.87 20.66 20.56
HNO,
66.42(20 ng dm™ As in 1.00% v/v 19.83 20.70 20.72
HNO,
73.68120 ug dm™ As in 1.50% v/v 19.24 20.17 20.29
HNO,
80.95(20 pg dm™ As in 2.00% v/v 18.61 19.59 19.81
HNO;,
88.22(20 ng dm™ As in 2.50% v/v 19.26 20.35 20.68
HNO,
142.48/20 ng dm™ As in 0.10% v/v 14.32 15.62 16.25
HCl




143

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm’) (ug dm”)
149.82|20 ug dm™ As in 0.50% v/v 6.93 7.60 7.91
HCI
157.18|20 ug dm™ As in 1.00% v/v 4.39 4.83 5.03
HCl
164.55120 ug dm™ As in 1.50% v/v 1.99 2.20 2.30
HCI
171.92\120 pg dm™ As in 2.00% v/v 2.30 2.55 2.66
HCl
179.30/20 ug dm? As in 2.50% v/v 1.28 1.43 1.49
HCl
188.58|Drift control - 20 ug dm™ As 16.69 18.71 19.50
220.02/20 g dm” As in (0.10% v/v
HNO, + 0.10% v/v HC1) 13.55 15.48 16.00
227.40120 ug dm™ As in (0.50% v/v
HNO, + 0.50% v/v HCI) 6.02 6.91 7.12
234.78|20 wg dm™ As in (1.00% v/v
HNO, + 1.00% v/v HC]) 4.51 5.20 5.34
244.08 Drift control - 20 xg dm™ As 17.71 20.54 20.97
296.78|Drift control - 20 ug dm™ As 16.93 20.31 19.83

4.5.4 Effect of using molecular (mass 75 / mass 77) corrections in a 0.50% v/v HCI matrix on the

quantitative determination of arsenic

No internal standard

Correction factor 0f 3.202 was calculated after measuring a blank and a 0.50% v/v HCl solution.

When not using an internal standard a correlation coefficient of 1.0000 was calculated with a

detection limit of 1.687 ug dm™ As. The results are in table 4.19.

The time drift corrected values obtained for the samples containing only nitric acid as matrix

yielded acceptable values of approximately 20 ug dm™ As. Acceptable values were obtained

for samples containing 0.10% v/v HCl and 0.50% v/v HCl.
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Table 4.19: Results of quantitative determination of As using no internal standard and the molecular
correction factor (mass 75 / mass 77) at 0.50% v/v HCL. Results are also shown for time drift corrected

values. First order equation used: (y = 0.0087x +20.256) and second order equation used:

(y=-2x10"%* + 0.0142x + 19.965)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(g dm™) (g dm)
44.57|Drift control - 20 g dm™ As 20.58 19.94 20.02
51.83120 ug dm™ As in 0.10% v/v 19.98 19.30 19.35
HNO,
59.10{20 ug dm> As in 0.50% v/v 21.11 20.33 20.36
HNO; '
66.42|20 ug dm™ As in 1.00% v/v 21.43 20.57 20.58
HNO,
73.68 20 g dm™ As in 1.50% v/v 21.02 20.12 20.11
HNO,
80.95120 ug dm” As in 2.00% v/v 20.43 19.50 19.48
HNO,
88.22|20 pg dm™ As in 2.50% v/v 21.22 20.18 20.15
HNO;
1424820 g dm? As in 0.10% v/v 20.64 19.21 19.13
HCI ‘
149.82/20 ug dm™ As in 0.50% v/v 20.64 19.15 19.08
HCl
157.18|20 ug dm™ As in 1.00% v/v 23.07 21.34 21.26
HCI
164.55120 ug dm™ As in 1.50% v/v 17.57 16.20 16.15
HCl
171.92/20 pg dm™ As in 2.00% v/v 24.65 22.67 22.60
HCl
179.30|120 ug dm™ As in 2.50% v/v 20.47 18.77 18.73
HCl
188.58 | Drift control - 20 ug dm™ As 21.92 20.02 19.99
220.02|20 pg dm™ As in (0.10% v/v
HNO; + 0.10% v/v HCI) 20.54 18.53 18.57
227.40|20 ug dm™ As in (0.50% v/v
HNO; + 0.50% v/v HCI) 19.77 17.78 17.84
234.78/20 nug dm™ As in (1.00% v/v
HNO, + 1.00% v/v HCI) 24.90 22.34 22.44
244.08|Drift control - 20 wg dm™ As 22.60 20.20 20.33
296.78|Drift control - 20 g dm™ As 22.62 19.81 20.18
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Table 4.25: Results of quantitative determination of As using *’Cl as internal standard and the molecular
correction factor (mass 75 / mass 77) at 0.50% v/v HCL. Results are also shown for time drift corrected

values. First order equation used: (y = -0.0105x + 19.856) and second order equation used:

(v = Tx10%:2 - 0.0332x + 21.053)

Time Sample name [As] Corrected with Corrected with
difference (ug dm?) first order second order drift
(minutes) drift curve curve

(ug dm™) (ug dm™)
44.57|Drift control - 20 ug dm™ As 19.77 20.39 20.05
51.83120 g dm™ As in 0.10% v/v 19.19 19.87 19.66
HNO,
59.10120 ug dm™ As in 0.50% v/v 19.85 20.64 20.53
HNO, ‘
66.42120 g dm™ As in 1.00% v/v 19.81 20.68 20.68
HNO;
73.68120 ug dm? As in 1.50% v/v 19.23 20.15 20.25
HNO,
80.95|20 ug dm™ As in 2.00% v/v 18.59 19.56 19.75
HNO;
88.22120 ug dm? As in 2.50% v/v 19.24 20.33 20.61
HNO,
142.48\20 g dm? As in 0.10% v/v 14.61 15.91 16.47
HCl
149.82|20 ug dm™ As in 0.50% v/v 7.78 8.51 8.81
HCl
157.18]20 ug dm? As in 1.00% v/v 5.41 5.95 6.16
HCI
164.55|120 nug dm™ As in 1.50% v/v 3.07 3.39 3.52
HCI
171.92|20 pg dm™ As in 2.00% v/v 3.41 3.77 391
HCl
179.30120 g dm? As in 2.50% v/v 2.38 2.65 2.75
HCl
188.58|Drift control - 20 xg dm? As 16.79 18.78 19.43
220.02{20 ug dm? As in (0.10% v/v
HNO; + 0.10% v/v HCI) 13.90 15.84 16.22
227.40120 ug dm? As in (0.50% v/iv
HNO, + 0.50% v/v HCI) 7.01 8.03 8.19
234.78|20 ng dm™ As in (1.00% v/v
HNO; + 1.00% v/v HCl) 5.66 6.51 6.61
244 .08 | Drift control - 20 g dm? As 17.76 20.54 20.75
296.78 | Drift control - 20 ug dm? As 17.02 20.33 19.60
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4.5.5  Effect of using molecular (mass 75 / mass 77) corrections in a 1.00% v/v HCI matrix on the

quantitative determination of arsenic

No internal standard

A correction factor of 3.145 was obtained in the case of a matrix of 1.00% v/v HCL. A

calibration correlation coefficient of 1.0000 and a detection limit of 1.671 g dm™ As resulted.

The results of the analysis of the 20 xg dm™ As samples are tabulated in table 4.26.

Good results were obtained for matrices only containing 20 xg dm™® As and nitric acid.

Acceptable results were obtained for samples in the cases of hydrochloric acid matrices of low

concentration.

Table 4.26: Results of quantitative determination of As using no internal standard and the molecular

correction factor (mass 75 / mass 77) at 1.00% v/v HCL. Results are also shown for time drift corrected

values. First order equation used: (y = 0.0091x + 20.241) and second order equation used:

(y=-2x10"x* + 0.0155x + 19.906)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
{minutes) drift curve curve

(ug dm™) (ug dm™)
44 .57\ Drift control - 20 xg dm” As 20.57 19.93 20.01
51.83120 pg dm™ As in 0.10% v/v 19.97 19.29 19.34
HNO;
59.10|20 pg dm™ As in 0.50% v/v 21.10 20.31 20.34
HNO,
66.42|20 g dm™ As in 1.00% v/v 21.42 20.55 20.55
HNO;,
73.68/20 g dm™ As in 1.50% v/v 21.02 20.10 20.08
HNO;
80.95(20 pg dm™ As in 2.00% v/v 20.43 19.48 19.43
HNO,
88.22120 wg dm™ As in 2.50% v/v 21.21 20.16 20.09
HNO,
142.48(20 pg dm™ As in 0.10% v/v 20.99 19.49 19.34
HCl
149.82120 pg dm™ As in 0.50% v/v 22.55 20.88 20.71
HCI
157.1820 ng dm™ As in 1.00% v/v 26.88 24.81 24.61
HCl
164.55120 ug dm™ As in 1.50% v/v 23.13 21.28 21.11
HCl
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Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm”) (ug dm’)
171.92120 pg dm™ As in 2.00% v/v 31.92 29.28 29.05
HCl |
179.30120 ug dm™ As in 2.50% v/v 29.37 26.86 26.65
HCl
188.58 Drift control - 20 ng dm™ As 22.04 20.08 19.93
220.02120 pg dm™ As in (0.10% v/v
HNO, + 0.10% v/v HCl) 20.99 18.87 18.78
227.40/20 pg dm? As in (0.50% v/v
HNO, + 0.50% v/v HCl) 22.14 19.85 19.77
234.78{20 ug dm” As in ‘
(1.00% v/v HNO; + 1.00% v/v 29.27 26.16 26.09
HCI)
244.08|Drift control - 20 1g dm™ As 22.68 20.19 20.16
296.78|Drift control - 20 ug dm™ As 22.74 19.83 20.00

H9e ¥V and *La as internal standards

All the calibration curves yielded correlation coefficients of 1.0000 and detection limits of 1.724
wug dm™ As, 1.680 ug dm™ As and 1.673 ng dm™ As were calculated respectively for the three

internal standards. The results of the analyses are listed in tables 4.27 to 4.29.

In all three cases values of 20 «g dm™ As were obtained for samples containing only nitric acid
as matrix. When using any of these three elements as internal standards for arsenic analysis of
solutions containing hydrochloric acid in the matrix, the correction procedure proved to be

successful only when the hydrochloric acid is present at low concentrations.

Table 4.27: Results of quantitative determination of As using *Sc as internal standard and the
molecular correction factor (mass 75/ mass 77) at 1.00% v/v HCl. Results are also shown for time drift
corrected values. First order equation used: (y = -0.0052x + 19.883) and second order equation used:

(v =2x107x* - 0.0104x + 20.157)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(g dm™) (ug dm”)
44.57|Drift control - 20 g dm™ As 19.74 20.09 20.01
51.83120 pg dm™ As in 0.10% v/v 18.92 19.30 19.24
HNO,
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Time Sample name [As] Corrected with Corrected with
difference (ng dm?) first order second order drift
(minutes) drift curve curve
(ug dm) (ug dm)
59.10{20 ng dm™ Asin 0.50% v/v 20.22 20.65 20.62
HNO,
66.42|20 ug dm™ As in 1.00% v/v 20.07 20.54 20.52
HNO,
73.68(20 pg dm™ As in 1.50% v/v 19.81 20.32 20.32
HNO,
80.95/20 ug dm” As in 2.00% v/v 19.61 20.16 20.17
HNO,
88.22120 ug dm™ Asin 2.50% v/v 20.34 20.94 20.97
HNOQO,
142.48|20 ug dm™ Asin 0.10% v/v 17.87 18.67 18.73
HC1
149.82120 ug dm™ As in 0.50% v/v 19.24 20.15 20.21
HCl
157.18/20 ug dm™ As in 1.00% v/v 22.82 23.94 24.00
HCI
164.55/20 g dm™ As in 1.50% v/v 19.36 20.35 20.39
HCI
171.92120 pg dm™ As in 2.00% v/v 25.96 27.34 27.38
HCl
179.30|20 g dm™ As in 2.50% v/v 23.73 25.04 25.06
HCl
188.58|Drift control - 20 ug dm™ As 18.62 19.71 19.70
220.02|20 ug dm™ As in (0.10% v/v
HNO, + 0.10% v/v HC) 17.32 18.48 18.39
227.40120 pg dm™ As in (0.50% v/v
HNO,; + 0.50% v/v HCI) 18.12 19.38 19.25
234.78120 pug dm™ As in (1.00% v/v
HNO; + 1.00% v/v HCI) 24.32 26.06 25.84
244.08|Drift control - 20 ug dm™ As 18.78 20.18 19.97
296.78|Drift control - 20 ug dm™ As 18.39 20.06 19.53
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Table 4.29: Results of quantitative determination of As using 'La as internal standard and the
molecular correction factor (mass 75/ mass 77) at 1.00% v/v HCI. Results are also shown for time drift

corrected values. First order equation used: (y = 0.0057x + 19.600) and second order equation used:

(v = -2x10%% + 0.0138x + 19.175)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve

(ug dm”) (ug dm™)
44.57|Drift control - 20 g dm™ As 19.76 19.91 20.01
51.83120 ng dm” As in 0.10% v/v 19.64 19.74 19.80
HNO,
59.10|20 pg dm™ As in 0.50% v/v 20.71 20.77 20.79
HNO, ‘
66.4220 g dm> As in 1.00% v/v 20.18 20.20 20.17
HNO;
73.68|20 g dm™ As in 1.50% v/v 20.08 20.06 19.99
HNO,
80.95120 ug dm> As in 2.00% v/v 19.78 19.72 19.62
HNO,
88.22(20 pg dm” As in 2.50% v/v 20.51 2041 20.27
HNO,
142.48 20 pg dm™ As in 0.10% v/v 19.91 19.51 19.21
HCl
149.82'20 g dm™ As in 0.50% v/v 23.27 22.75 22.38
HCI
157.18/20 ;g dm™ As in 1.00% v/v 29.80 29.07 28.58
HCl
164.55/20 ug dm™ As in 1.50% v/v 25.49 24.82 24.39
HCl
171.92|120 g dm™ As in 2.00% v/v 35.74 34.74 34.11)
HCI
179.30(20 g dm™ As in 2.50% v/v 34.09 33.06 32.46
HCl
188.58|Drift control - 20 g dm> As 20.73 20.06 19.68
220.02/20 ug dm” As in (0.10% v/v
HNO; + 0.10% v/v HCI) 20.43 19.59 19.24
227.40120 g dm™ As in (0.50% v/v
HNO; + 0.50% v/v HCI) 22.92 21.94 21.54
234.78120 ug dm™ As in (1.00% v/v
HNO, + 1.00% v/v HCI) 32.40 30.95 30.40
244.08|Drift control - 20 ng dm” As 21.34 20.33 19.99
296.78 |Drift control - 20 g dm? As 21.01 19.73 19.53




157

36 Ay 35C] and *’Cl as internal standards

Calibration curves constructed using these three internal standards yielded correlation

coefficients of 0.9998, 1.0000 and 0.9999 respectively. Detection limits were calculated to be
1.895 ug dm™ As, 1.162 1g dm™ As and 1.786 g dm™ As for the cases of *Ar, *Cl and *’C]

as internal standards. Results of analyses using these internal standards are listed in tables 4.30

t0 4.32.

Samples containing only nitric acid as matrix yielded good results in all three cases, but after

drift correction was applied results for **Cl as internal standard yielded too high values. Inthe

cases of samples containing hydrochloric acid in the matrix, **Cl and *’Cl as internal standards

yielded very poor results. However, in the case of **Ar acceptable results were obtained except

in the matrices: 2.00% v/v HCI and (1.00% v/v HNO; + 1.00% v/v HCI).

Table 4.30: Results of quantitative determination of As using **Ar as internal standard and the

molecular correction factor (mass 75 / mass 77) at 1.00% v/v HCI. Results are also shown for time drift

corrected values. First order equation used: (y =-0.0177x + 19.863) and second order equation used:

(y = 5x107%* - 0.0348x + 20.759)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm*) (ug dm”)
44.57|Drift control - 20 ug dm™ As 19.33 20.27 20.02
51.83120 ug dm™ As in 0.10% v/v 17.98 18.98 18.84
HNO;,
59.10120 ug dm™ As in 0.50% v/v 18.98 20.18 20.11
HNO,
66.42|120 g dm™ Asin 1.00% v/v 19.09 20.44 20.46
HNO,
73.68(20 pg dm™ Asin 1.50% v/v 18.56 20.00 20.10
HNO,
80.95120 g dm™ Asin 2.00% v/v 18.09 19.63 19.80
HNO,
88.22/120 ng dm™ As in 2.50% v/v 19.07 20.83 21.09
HNO,
1424820 g dm™ As in 0.10% v/v 15.82 18.24 18.81
HCI
149.82120 wg dm™ As in 0.50% v/v 16.10 18.70 19.31
HCl
157.18{20 wg dm™ As in 1.00% v/v 17.81 20.85 21.55
HCI
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Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm’) (ug dm*)
164.55|20 g dm” As in 1.50% v/v 14.52 17.13 17.72
HCI
171.92120 pg dm™ As in 2.00% v/v 19.48 23.16 23.96
HCI
17930120 ug dm™ As in 2.50% v/v 16.65 19.95 20.65
HCl
188.58|Drift control - 20 ug dm™ As 15.91 19.26 19.92
220.02120 ng dm™ As in (0.10% v/v
HNO,; + 0.10% v/v HCI) 14.54 18.21 18.73
227.4020 pg dm™ As in (0.50% v/v
HNO; + 0.50% v/v HCI) 14.37 18.14 18.62
234.78(20 ng dm” As in (1.00% v/v
HNO,; + 1.00% v/v HCl) 18.50 23.56 24.11
244.08|Drift control - 20 pg dm™ As 15.56 20.03 20.42
296.78|Drift control - 20 ng dm™ As 14.93 20.44 20.13

Table 4.31: Results of quantitative determination of As using **Cl as internal standard and the molecular

correction factor (mass 75 / mass 77) at 1.00% v/v HC1. Results are also shown for time drift corrected

values. First order equation used: (y = -0.0431x + 20.287) and second order equation used:

(y = 0.0003x* - 0.1461x + 25.703)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm”) (ug dm™)
44 .57 |Drift control - 20 g dm™ As 20.03 21.81 20.25
51.83120 ug dm> As in 0.10% v/v 19.45 21.55 20.54
HNO;
59.10/20 g dm™ As in 0.50% v/v 20.31 22.89 2242
HNO,
66.42|20 ug dm™ As in 1.00% v/v 20.19 23.18 2331
HNO,
73.68 20 g dm” As in 1.50% v/v 20.21 23.62 24.39
HNO,
80.95120 g dm™ As in 2.00% v/v 19.72 2348 24.90
HNO,
88.22120 ug dm™ As in 2.50% v/v 2041 24.76 26.95
HNO,
142.48)20 pug dm™ As in 0.10% v/v 2.96 4.19 5.40
HCI
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8¢, ¥Y and *°La as internal standards

In all these three cases correlation coefficients of 1.0000 were obtained for the calibration
curves. Detection limits of 1.750 ug dm™ As, 1.708 ug dm™ As and 1.701 ug dm™ As were
calculated respectively. The results of the analyses when using the blank correction factor of
a 1.50% v/v HCl solution together with **Sc, ¥Y and "*°La as internal standards can be seen in

tables 4.34 10 4.36.

Using any of the three isotopes as internal standards values of approximately 20 ug dm™ were
obtained when the matrices of the samples comprised of only nitric acid. In some cases where
the sample matrix contained hydrochloric acid the correction procedure proved to be successful
for all three isotopes as internal standards, especially when the concentration of the hydrochloric

acid was low,

Table 4.34: Results of quantitative determination of As using **Sc as internal standard and the
molecular correction factor (mass 75/ mass 77) at 1.50% v/v HCL. Results are also shown for time drift
corrected values. First order equation used: {y =-0.0057x + 19.906) and second order equation used:

(y = 2x10°x* - 0.0122x + 20.245)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm™) (ug dm™)
44,57 Drift control - 20 ug dm™ As  |19.76 20.11 20.02
51.8320 ugdm> Asin0.10% v/v  |18.94 19.31 19.26
HNO,
59.10/20 ug dm? As in 0.50% v/v  20.23 20.68 20.65
HNO,
66.42|20 ug dm™ As in 1.00% v/v  |20.09 20.58 20.58
HNO, '
73.68(20 wg dm™ As in 1.50% v/v  |19.82 2034 20.38
HNO,
80.95(20 g dm™ As in 2.00% v/v  |19.63 20.19 20.25
HNO,
88.22|20 ug dm™ As in 2.50% v/v  |20.35 20.98 21.06
HNO,
142.48120 ug dm™ As in 0.10% v/iv  |17.40 18.23 18.40
HCI
149.82{20 ug dm” As in 0.50% v/v  |16.58 17.40 17.57
HCI
157.18{20 g dm™ As in 1.00% v/v  |17.50 18.41 18.60
HCl
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Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm™) (ug dm*)
164.55/20 g dm™ Asin 1.50% v/v  |11.71 12.34 12.47
HCI
171.92|20 ug dm™ As in 2.00% v/v  |16.23 17.15 17.33
HCI
179.30{20 g dm™ As in 2.50% v/v  |11.91 12.62 12.74
HCI
188.58|Drift control - 20 g dm™ As  [18.47 19.62 19.81
220.02|20 pg dm? As in (0.10% v/v
HNO, + 0.10% v/v HCI) 16.73 17.94 18.06
227.4020 g dm™ As in (0.50% v/v
HNO, + 0.50% v/v HCl) 14.95 16.06 16.16
234.78120 ug dm™ As in (1.00% v/v
HNO, + 1.00% v/v HCD) 18.35 19.77 19.86
244.08|Drift control - 20 ug dm> As  [18.70 20.20 20.26
296.78|Drift control - 20 g dm? As  |18.26 20.05 19.86

Table 4.35: Results of quantitative determination of As using *'Y as internal standard and the molecular

correction factor (mass 75 / mass 77) at 1.50% v/v HCI. Results are also shown for time drift corrected

values. First order equation used: (y = 0.0003x + 19.677) and second order equation used:

(y = -4x10°%* + 0.0017x + 19.605)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve

(ug dm”) (ug dm”)
44.57|Drift control - 20 wg dm™ As 19.71 20.02 20.03
51.83120'ug dm™ As in 0.10% v/v 19.08 19.46 19.39
HNO,
59.10/20 ug dm™ As in 0.50% v/v 20.57 21.02 20.89
HNO,
66.42|20 ug dm™ As in 1.00% v/v 20.09 20.58 20.40
HNO,
73.68/20 ng dm™ As in 1.50% v/v 20.03 20.56 20.33
HNO,
80.95/20 g dm™ As in 2.00% v/v 19.65 20.21 19.93
HNO,
88.22/20 ug dm™ As in 2.50% v/v 20.33 20.95 20.61
HNO,
14248120 pg dm™ As in 0.10% v/v 18.49 19.37 18.71
HCl
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Time Sample name [As] Corrected with Corrected with
difference (vg dm™) first order second order drift
(minutes) drift curve curve
(ug dm) (ug dm)
149.82|20 g dm™ As in 0.50% v/v 18.49 19.41 18.70
HC1
157.18120 ug dm™ As in 1.00% v/v 20.40 21.46 20.63
HCl1
164.55120 pg dm™ As in 1.50% v/v 13.73 14.47 13.88
HC1
171.92|20 g dm™ As in 2.00% v/v 19.65 20.77 19.87
HClI ,
179.30/20 pg dm™ As in 2.50% v/v 14.52 15.38 14.68
HCI
188.58|Drift control - 20 pg dm™ As 19.45 20.66 19.67
220.02|20 pg dm™ As in (0.10% v/v
HNO; + 0.10% v/v HC) 18.54 19.88 18.74
227.40\20 pg dm™ As in (0.50% v/v
HNO, + 0.50% v/v HCI) 16.98 18.25 17.17
234.78|20 pg dm™ As in (1.00% v/v
HNO, + 1.00% v/v HCI) 21.42 23.07 21.65
24408 |Drift control - 20 ng dm? As 2022 21.84 20.44
296.78|Drift control - 20 pg dm™ As 19.54 21.45 19.78

Table 4.36: Results of quantitative determination of As using '*La as internal standard and the

molecular correction factor (mass 75/ mass 77) at 1.50% v/v HCL. Results are also shown for time drift

corrected values. First order equation used: (y = 0.005x + 19.626) and second order equation used:

(y = -2x107x* + 0.0118x + 19.273)

HNO,

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve

(ug dm”) (ug dm?)

44 .57 Drift control - 20 pg dm™ As 19.78 19.93 20.02

51.83120 ug dm™ As in 0.10% v/v 19.65 19.76 19.81
HNO,

59.10120 ug dm™ As in 0.50% v/v 20.72 20.81 20.83
HNO,

66.42|20 ug dm> As in 1.00% v/v 20.20 20.24 20.23
HNO,

73.68(20 peg dm™ As in 1.50% v/v 20.08 20.09 20.05
HNO;,

80.95|20 ng dm™ As in 2.00% v/v 19.79 19.76 19.70
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Table 4.37: Results of quantitative determination of As using **Ar as internal standard and the
molecular correction factor (mass 75 / mass 77) at 1.50% v/v HCL. Results are also shown for time drift

corrected values. First order equation used: (y =-0.0181x + 19.889) and second order equation used:

(v = 6x107x* - 0.0363x + 20.843)

Time Sample name [As] Corrected with Corrected with
difference (g dm) first order second order drift
(minutes) drift curve curve
(g dm”) (ug dm)
44.57|Drift control - 20 g dm™ As 19.35 20.29 20.01
51.83|20 pg dm™ Asin 0.10% v/v 18.00 19.00 18.83
HNO,
59.10120 ug dm” As in 0.50% v/v 19.01 20.21 20.11
_ |HNO;, '
66.42|20 pg dm™ As in 1.00% v/v 19.13 20.47 20.46
HNO, ~ ;
73.68(20 pg dm™ Asin 1.50% v/v 18.58 20.03 20.09
HNO,
80.95120 ug dm™ As in 2.00% v/v 18.12 19.67 19.80
HNO,
88.22(20 ug dm? As in 2.50% v/v 19.09 20.87 21.08
HNO,
142.4820 g dm™ As in 0.10% v/v 15.40 17.79 18.24]
HCI
149.82120 pg dm™ As in 0.50% v/v 13.79 16.06 16.47
HCI
157.18]20 ug dm™ As in 1.00% v/v 13.53 15.88 16.29
HCl
164.55120 ug dm” As in 1.50% v/v 8.56 10.13 10.38
HCl
171.92|20 ug dm? As in 2.00% v/v 11.98 14.28 14.63
HCl
179.30{20 pg dm™ As in 2.50% v/v 8.10 9.73 9.96
HCI
188.58|Drift control - 20 xg dm™ As 15.80 19.18 19.59
220.02|20 pg dm™ As in (0.10% v/v
HNO; + 0.10% v/v HCI) 14.05 17.66 17.82
227.4020 pug dm™ As in (0.50% v/v
HNOG; + 0.50% v/v HCI) 11.76 14.92 14.99
234.78120 ng dm” As in (1.00% v/v
HNO; + 1.00% v/v HCI) 13.84 17.70 17.71
244.08|Drift control - 20 ug dm™ As 15.52 20.06 19.95
296.78|Drift control - 20 g dm™ As 14.84 20.44 19.33
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Table 4.38: Results of quantitative determination of As using **Cl as internal standard and the molecular
correction factor (mass 75 / mass 77) at 1.50% v/v HCL. Results are also shown for time drift corrected

values. First order equation used: (y = -0.0431x + 20.299) and second order equation used:

(y=0.0003x - 0.1461x +25.712)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve

(ug dm’) (ug dm™)
44.57\Drift control - 20 ng dm? As 20.04 21.81 20.24
51.83(20 g dm™ As in 0.10% v/v 19.45 21.53 20.53
HNO;
59.10/20 ng dm™ As in 0.50% v/v 20,31 22.89 22.42
HNO, ’
66.42120 pug dm™ As in 1.00% v/v 20.20 23.17 23.31
HNO,
73.68|20 wg dm™ As in 1.50% v/v 20.20 23.60 24.38
HNO,
80.95|20 ug dm™ As in 2.00% v/v 19.73 23.47 24.89
HNO,
88.22120 g dm™ As in 2.50% v/v 20.4] 24.75 26.93
HNO,
142.48/20 ug dm™ As in 0.10% v/v 2.99 4722 5.44
HCl
149.82|20 pg dm™ As in 0.50% v/v 1.25 1.81 2.37
HCl
157.18|20 ug dm™ As in 1.00% v/v 1.07 1.58 2.11
HCI
164.55(20 g dm™ As in 1.50% v/v 0.96 1.46 1.96
HCI
171.92120 pg dm™ As in 2.00% v/v 0.97 1.50 2.05
HCl
179.30120 pg dm™ As in 2.50% v/v 0.93 1.48 2.03
HCl
188.58|Drift control - 20 ng dm> As 7.50 12.32 16.99
220.02/20 ng dm™ As in (0.10% v/v
HNO, + 0.10% v/v HCI) 2.94 5.44 7.27
227.40120 g dm™ As in (0.50% v/v
HNO; + 0.50% v/v HCI) 1.21 2.30 3.02
234.78(20 g dm™ As in (1.00% v/v
HNO, + 1.00% v/v HCI) 1.07 2.11 2.71
244.08|Drift control - 20 g dm™ As 11.39 23.30 28.76
296.78|Drift control - 20 ng dm™ As 8.87 23.63 20.22
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4.5.7  Effect of using molecular (mass 75 / mass 77) corrections in a 2.00% v/v HCI matrix on the

quantitative determination of arsenic

No internal standard

In this section the calculated correction factor of 3.199 for a solution of 2.00% v/v HCl was
applied. In the case of no internal standard a correlation coefficient of 1.0000 was obtained for
the calibration curve and the detection limit was calculated to be 1.686 pg dm™ As. Table 4.40

show the values obtained after quantitative analyses.

From the table it can be seen that values of approximately 20 ;g dm™ were obtained when the
sample matrix consisted of only nitric acid. Although this correction procedure proved to yield
correct values of near to 20 g dm™ in some of the cases where hydrochloric acid was present
in the matrix, it did not prove to be successful for the matrices of 1.00% v/v to 2.00% v/v HCI

and (1.00% v/v HNO, + 1.00% v/v HCI).

Table 4.40: Results of quantitative determination of As using no internal standard and the molecular

correction factor (mass 75 / mass 77) at 2.00% v/v HCIL. Results are also shown for time drift corrected

values. First order equation used: (y = 0.0087x + 20.255) and second order equation used:

(y =-2x10°%*+ 0.0143x + 19.962)

Time Sample name [As] Corrected with Corrected with
difference (g dm™) first order second order drift
(minutes) drift curve curve

(ug dm") (ug dm”)
44.57 Drift control - 20 ug dm™ As 20.58 19.94 20.02
51.83120 g dm™ As in 0.10% v/v 19.98 19.30 19.35
HNO,
59.10120 g dm™ As in 0.50% v/v 21.11 20.33 20.36
HNO,
66.42|20 pg dm? As in 1.00% v/v 2143 20.57 20.58
HNO,
73.68/20 ug dm™ As in 1.50% v/v 21.02 20.12 20.11
HNO,
80.95|120 pg dm” As in 2.00% v/v 2043 19.50 19.47
HNO,
88.22|20 ug dm™ As in 2.50% v/v 21.22 20.18 20.14
HNO,
142.48|20 ng dm” As in 0.10% v/v 20.67 19.23 19.14
HCI
149.82120 ng dm™ As in 0.50% v/v 20.77 19.27 19.18
HCI
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Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve

(ug dm™) (ug dm™)
157.18/20 g dm™ As in 1.00% v/v 23.32 21.57 21.47
HCI
164.55|20 ug dm™ As in 1.50% v/v 17.93 16.54 16.47
HCl
171.92120 ng dm™ As in 2.00% v/v 25.13 23.10 23.02
HCI
179.30(20 ug dm™ As in 2.50% v/v 21.06 19.30 19.24
HCI
188.58 | Drift control - 20 ug dm™ As 21.93 20.03 19.98
220.02120 pg dm” As in (0.10% v/v
HNO, + 0.10% v/v HCl) 20.57 18.56 18.58
227.4020 g dm” As in (0.50% v/v
HNO, + 0.50% v/v HCI) 19.92 17.92 17.96
234.78/|20 g dm™ As in (1.00% v/v
HNO; + 1.00% v/v HCI) 25.19 22.59 22.67
244.08|Drift control - 20 ng dm™ As 22.61 20.21 20.31
296.78 | Drift control - 20 ug dm™ As 22.63 19.82 20.16

$S¢. ¥Y and *°La as internal standards

Calibration curves with these three isotopes as internal standards yielded correlation coefficients

of 1.0000 and detection limits of 1.738 pg dm™ As, 1.696 ng dm™ As and 1.688 ng dm™ As

respectively. The results of the quantitative analyses when using these internal standards are

shown in tables 4.41 to 4.43.

All three the intemnal standards proved to be successful when only nitric acid where present in

the matrix of the 20 pg dm” arsenic sample. With hydrochloric acid present in solution,

analyses with all three internal standards resulted in values slightly deviating from the true value

of 20 g dm™. "“’La as internal standard yielded good values especially at low concentrations

of hydrochloric acid.
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Table 4.41: Results of quantitative determination of As using **Sc as internal standard and the
molecular correction factor (mass 75/ mass 77) at 2.00% v/v HCI. Results are also shown for time drift

corrected values. First order equation used: (y = -0.0082x + 21.068) and second order equation used:

(v = 8x10%%2 - 0.0346x + 22.456)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm™) (g dm™)
44,57 Drift control - 20 g dm™ As 19.75 19.08 18.75
51.83]20 ug dm” Asin 0.10% v/v 18.93 18.34 18.13
HNO,
59.10/20 wg dm™ As in 0.50% v/v 20.23 19.65 19.55
HNO,
66.42120 ug dm> As in 1.00% v/v 20.08 19.57 19.58
HNO;
73.68120 ng dm™ As in 1.50% v/v 19.82 19.37 19.48
HNO;
80.95|20 g dm™? As in 2.00% v/v 19.62 19.23 19.45
HNO,
88.22120 ug dm” As in 2.50% v/v 20.35 20.00 20.32
HNO;
142.48 20 ng dm™ As in 0.10% v/v 17.61 17.70 18.39
HCl
149.82120 pg dm™ As in 0.50% v/v 17.74 17.88 18.60
HCl
157.18{20 pg dm™ As in 1.00% v/v 19.81 20.04 20.86
HCI
164.5520 ug dm™ As in 1.50% v/v 15.03 15.25 15.88
HCl
171.92{20 rg dm” As in 2.00% v/v 20.46 20.81 21.68
HCl
179.30(20 ug dm™ As in 2.50% v/v 17.05 17.40 18.11
HCI
188.58 | Drift control - 20 ug dm™ As 18.54 18.99 19.75
220.02|20 ng dm™ As in (0.10% v/v
HNO; + 0.10% v/v HCD) 16.99 17.63 18.15
227.40(20 ng dm™ As in (0.50% v/v
HNO; + 0.50% v/v HCI) 16.33 17.01 17.44
234.78/20 ng dm™ As in (1.00% v/v
HNO; + 1.00% v/v HCl) 20.94 21.88 22.35
244,08 Drift control - 20 xg dm? As 18.73 19.65 19.96
296.78|Drift control - 20 ug dm™ As 18.32 19.66 19.05
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3%Ar. 3Cl and *’Cl as internal standards

With *Ar, **Cl and *'Cl as internal standards correlation coefficients of 0.9998, 1.0000 and

0.9999 were obtained for the calibration curves. Detection limits were calculated to be 1.913

pg dm? As, 1.180 g dm™ As and 1.802 wg dm™ As respectively. Tables 4.44 to 4.46 show the

results of the quantitative analyses performed with these isotopes as internal standards.

Acceptable results were obtained when the sample did not contain hydrochloric acid, but for

33Cl drift correction resulted in too high values. The two chlorine isotopes as internal standards

did not result in acceptable values, **Ar as internal standard resulted in values slightly below

the correct value of 20 pg dm™.

Table 4.44: Results of quantitative determination of As using **Ar as internal standard and the

molecular correction factor (mass 75 / mass 77) at 2.00% v/v HCI. Results are also shown for time drift

corrected values. First order equation used: (y = -0.018x + 19.877) and second order equation used:

(v = 5x10°%%* - 0.0356x + 20.807)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve

(ug dm”) (ug dm?)
44.57|Drift control - 20 ug dm™ As 19.34 20.28 20.02
51.83|20 ug dm™ Asin 0.10% v/v 17.99 19.00 18.85
HNO,
59.10/20 pg dm” As in 0.50% v/v 19.00 20.20 20.13
HNO,
66.42[20 ng dm? As in 1.00% v/v 19.11 20.46 20.48
HNO;,
73.68|20 g dm™ As in 1.50% v/v 18.57 20.02 20.12
HNO,
80.95120 ug dm? As in 2.00% v/v 18.10 19.66 19.84
HNO,
88.22|20 wg dm™ As in 2.50% v/v 19.08 20.86 21.13
HNO,
142.48|20 pg dm As in 0.10% v/v 15.58 18.00 18.61
HCl
149.82/20 ug dm™ As in 0.50% v/v 14.79 17.22 17.83
HCl
137.18{20 ug dm™ As in 1.00% v/v 15.39 18.05 18.71
HCl
164.5520 pg dm? As in 1.50% v/v 11.15 13.19 13.68
HC1
171.92)20 ug dm™ As in 2.00% v/v 15.24 18.16 18.85
HCl
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Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm™) (ug dm™)
179.30/20 pg dm™ As in 2.50% viv 11.81 14.19 14.74
HCl
188.58|Drift control - 20 ug dm? As 15.85 19.23 19.97
220.02|20 g dm™ As in (0.10% v/v
HNO, + 0.10% v/v HCI) 14.26 17.92 18.53
227.40(20 pg dm™ As in (0.50% v/v ,
HNO, + 0.50% v/v HCI) 12.89 16.34 16.86
234.78/20 g dm™ As in (1.00% v/v
HNO, + 1.00% v/v HCI) 15.87 20.27 20.87
244.08|Drift control - 20 g dm™ As 15.54 20.07 20.58
296.78|Drift control - 20 ug dm™ As 14.88 20.47 20.32

Table 4.45: Results of quantitative determination of As using **Cl as internal standard and the molecular

correction factor (mass 75 / mass 77) at 2.00% v/v HCL. Results are also shown for time drift corrected

values. First order equation used: (y = -0.0431x +20.294) and second order equation used:

(y=0.0003x" - 0.1461x + 25.708)

Time Sample name [As] Corrected with Corrected with
difference (ug dm’) first order second order drift
(minutes) drift curve curve
(ug dm”) (ug dm™)
44.57 Drift control - 20 ug dm™ As 20.03 21.81 20.24
51.83120 ng dm™ As in 0.10% v/v 19.45 21.54 20.54
HNO;
59.10|Drift control - 20 1g dm™ As 20.31 22.89 - 2242
66.42120 g dm™ As in 0.10% v/v 20.20 23.17 23.31
HNO;,
73.68120 ng dm? As in 0.50% v/v 20.20 23.61 24.38
HNO,
80.95/20 ug dm™ Asin 2.00% v/v 19.72 23.47 24.89
HNO,
88.22120 g dm™ As in 2.50% v/v 20.41 24.75 26.94
HNO,
142.48120 ng dm? As in 0.10% v/v 2.98 4.20 5.42
HCI
149.82|20 pg dm™ As in 0.50% v/v 1.24 1.79 2.34
HCl
157.18/120 ug dm” As in 1.00% v/v 1.05 1.56 2.08
HCI
164.55|120 pg dm™ As in 1.50% v/v 0.94 1.43 1.93
HCl
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Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve

(g dm™) (ug dm™)

171.92{20 ng dm? As in 2.00% v/v 0.95 1.47 2.01

HCI
179.30|20 pg dm™ As in 2.50% v/v 0.91 1.45 1.99

HCl
188.58|Drift control - 20 g dm™ As 7.50 12.33 17.00
220.02|120 ug dm™> As in (0.10% v/v

HNO, + 0.10% v/v HCI) 2.94 5.44 7.27
227.40|20 pg dm™ As in (0.50% v/v

HNO, + 0.50% v/v HCI) 1.20 2.28 2.99
234.78|20 pug dm™ As in (1.00% v/v

HNO; + 1.00% v/v HCI) 1.06 2.09 2.67
244.08|Drift control - 20 ug dm™ As 11.40 23.33 28.79
296.78|Drift control - 20 ug dm™ As 8.88 23.66 2024

Table 4.46: Results of quantitative determination of As using *’Cl as internal standard and the molecular

correction factor (mass 75 / mass 77) at 2.00% v/v HCIL. Results are also shown for time drift corrected

values. First order equation used: (y = -0.0104x + 19.855) and second order equation used:

(y = 7x107% - 0.0332x + 21.050)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve

(ug dm”) (ug dm?)
44 .57|Drift control - 20 ug dm™ As 19.76 20.38 20.06
51.83120 ug dm™ As in 0.10% v/v 15.19 19.87 19.67
HNO,
59.10|120 pg dm™ As in 0.50% v/v 19.85 20.64 20.54
HNO,
66.42120 ug dm™ As in 1.00% v/v 19.81 20.67 20.69
HNO,
73.68/20 pg dm” As in 1.50% v/v 19.23 20.14 20.26
HNO,
80.95(20 g dm™ As in 2.00% v/v 18.59 19.56 19.76
HNO,
88.22120 ug dm? As in 2.50% v/v 19.24 20.32 20.62
HNO,
142.48|20 ug dm™ As in 0.10% v/v 14.62 15.92 16.49
HCl
149.82|20 ug dm™ As in 0.50% v/v 7.82 8.55 8.86
HCl
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Time Sample name [As] Corrected with Corrected with
difference {ug dm™) first order second order drift
(minutes) drift curve curve

(ug dm”) (ug dm™)

171.92120 g dm™ As in 2.00% v/iv 23.47 24.73 24.81

HCl |
179.30|20 ug dm™ As in 2.50% v/v 20.70 21.86 21.92

HCl
188.58|Drift control - 20 pg dm™ As 18.59 19.68 19.72
220.02120 pg dm™ Asin (0.10% v/v

HNO, + 0.10% v/v HCI) 17.17 18.34 18.29
227.40120 ug dm™ As in (0.50% v/v

HNO; + 0.50% v/v HCI) 17.31 18.53 18.46
234.78|20 pg dm™ As in (1.00% v/v ,

HNO, + 1.00% v/v HCl) 22.79 24.44 2431
244.08 | Drift control - 20 pg dm™ As 18.76 20.18 20.03
296.78|Drift control - 20 ug dm™ As 18.36 20.05 19.60

Table 4.49: Results of quantitative determination of As using **Y as internal standard and the molecular

correction factor (mass 75 / mass 77) at 2.50% v/v HCl. Results are also shown for time drift corrected

values. First order equation used: (y = 0.0008x + 19.658) and secord order equation used:

(y =-7x10% + 0.003 1x + 19.535)

HCI

Time Sample name [As] Corrected with Corrected with
difference (ug dm?) first order second order drift
(minutes) drift curve curve

(ug dm™) (ug dm?)
44.57|Drift control - 20 ug dm™ As 19.69 20.00 18.88
51.83/120 ug dm™ Asin 0.10% v/v 19.07 19.36 18.10
HNO,
59.10120 zg dm™ As in 0.50% v/v 20.56 20.87 19.31
HNO, '
66.42120 pg dm> As in 1.00% v/v 20.07 20.37 18.67
HNO, ,
73.68120 g dm™ Asin 1.50% v/v 20.02 20.31 18.44
~ |HNO,
80.9520 pg dm> As in 2.00% v/v 19.64 19.91 17.91
HNO,
88.22120 ng dm™ Asin 2.50% v/v 20.32 20.60 18.36
HNO,
142.48|20 pg dm™ As in 0.10% v/v 18.87 19.09 15.94
HCl
149.82120 g dm™ As in 0.50% v/v 20.71 20.95 17.34
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Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm?) (ug dm™)
157.18|20 ug dm™ As in 1.00% v/v 25.04 25.32 20.79
HCl
164.55|20 pg dm™ As in 1.50% v/iv 20.46 20.67 16.84
HCI
171.92|20 pug dm™ As in 2.00% v/v 28.48 28.77 23.24
HCl
179.3020 g dm™ As in 2.50% v/v 25.34 25.59 20.51
HCl
188.58 Drift control - 20 ug dm™ As 19.58 19.76 15.68
220.02|20 ng dm™ As in (0.10% v/v
HNQO, + 0.10% v/v HCI) 19.04 19.19 14.75
22740120 ug dm As in (0.50% v/v
HNO, + 0.50% v/v HCI) 19.69 19.84 15.13
234.78(20 ug dm™ As in (1.00% v/v
HNO, + 1.00% v/v HCI) 26.63 26.83 20.31
244 .08 |Drift control - 20 ug dm™ As 20.29 20.44 15.34
296.78 | Drift control - 20 ug dm? As 19.65 19.75 14.11

Table 4.50: Results of quantitative determination of As using '*’La as internal standard and the
molecular correction factor (mass 75/ mass 77) at 2.50% v/v HCI. Results are also shown for time drift

corrected values. First order equation used: (y = 0.0056x + 19.607) and second order equation used:

(y = -2x107°x% + 0.0133x + 19.200)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm”) (ug dm™)
44.57|Drift control - 20 ug dm™ As 19.77 19.91 20.01
51.83120 pg dm™ Asin 0.10% v/v 19.64 19.74 19.80
HNO,

59.10120 g dm™ As in 0.50% v/v 20.71 20.78 20.80
HNO,

66.42{20 g dm™ As in 1.00% v/v 20.18 20.20 20.19
HNO,

73.68(20 ng dm™ Asin 1.50% v/v 20.08 20.06 20.01
HNO,

80.95120 g dm? As in 2.00% v/v 19.78 19.72 19.64
HNO, »

88.22120 ng dm™ As in 2.50% v/v 20.52 20.41 20.29
HNO,
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Table 4.52: Results of quantitative determination of As using *°Cl as internal standard and the molecular
correction factor (mass 75 / mass 77) at 2.50% v/v HCL. Results are also shown for time drift corrected

values. First order equation used: (y = -0.0431x + 20.290) and second order equation used:

(y = 0.0003x% - 0.1461x + 25.705)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve

(ug dm™) (ug dm)
44.57|Drift control - 20 ug dm> As 20.03 21.81 20.25
51.83120 ug dm” As in 0.10% v/v 19.45 21.54 20.54
HNO;
59.10/20 g dm™ As in 0.50% v/v 20.31 22.89 22.42
HNO, ‘
66.42|20 ug dm™ As in 1.00% v/v 20.19 23.18 23.31
HNO,
73.68/20 ug dm> As in 1.50% v/v 20.20 23.61 24.39
HNO,
80.95120 ng dm” As in 2.00% v/v 19.72 23.48 24.90
HNO,
88.22/20 pg dm™ As in 2.50% v/v 20.41 24.76 26.94
HNO,
142.48)20 pg dm™ As in 0.10% v/v 2.97 4.19 541
HCI
149.82120 ug dm™ As in 0.50% v/v 1.23 1.77 2.33
HCl
157.18 20 ug dm” As in 1.00% v/v 1.04 1.54 2.05
HCI
164.5520 ng dm™ As in 1.50% v/v 0.93 1.41 1.90
HCI
171.92 20 pg dm™ As in 2.00% v/v 0.94 1.45 1.98
HCl
179.30(20 pg dm? As in 2.50% v/v 0.90 1.43 1.96
HCl
188.58|Drift control - 20 ug dm™ As 7.50 12.33 17.00
220.02|20 ug dm™ As in (0.10% v/v
HNO; + 0.10% v/v HCI) 2.94 543 7.27
227.40120 ng dm™ As in (0.50% v/v
HNO, + 0.50% v/v HCI) 1.19 2.27 2.98
234.78120 pg dm™ As in (1.00% v/v
HNO, + 1.00% v/v HCI) 1.05 2.07 2.65
244.08 Drift control - 20 ug dm™ As 11.40 23.35 28.81
296.78|Drift control - 20 pg dm™ As 8.88 23.69 20.26




185

Table 4.53: Results of quantitative determination of As using *’Cl as internal standard and the molecular
correction factor (mass 75 / mass 77) at 2.50% v/v HCL. Results are also shown for time drift corrected
values. First order equation used: (y =-0.0103x + 19.846) and second order equation used:

(v = 7x10°% - 0.0327x + 21.025)

Time Sample name [As] Corrected with Corrected with
difference | (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm”) (ug dm™)
44 .57|Drift control - 20 ug dm™ As 19.76 20.38 20.05
51.83|20 ug dm™ As in 0.10% v/v 19.19 19.87 19.66
HNO,
59.10|20 pg dm™ As in 0.50% v/v 19.84 20.63 20.53
HNO,
66.42|20 pug dm™ As in 1.00% v/v 19.80 20.67 20.67
HNO,
73.68|20 wg dm> As in 1.50% v/v 19.22 20.14 20.24
HNO,
80.95|120 ug dm As in 2.00% v/v 18.58 19.55 19.73
HNO,
88.22|20 ug dm™ As in 2.50% v/v 19.24 ‘ 20.31 20.59
HNO,
142.48120 ug dm™ As in 0.10% v/v 14.74 16.04 16.58
HCI
149.82|20 ug dm™ As in 0.50% v/v 8.16 8.92 - 923
HCl
157.18)20 ug dm? Asin 1.00% v/v 5.89 6.46 6.68
HCI ‘
164.55120 ug dm™ As in 1.50% v/v 3.57 3.93 4.07
HCI
171.92120 pg dm™ As in 2.00% v/v 392 4.34 4.49
HCl
179.30120 ug dm™ As in 2.50% v/v 2.89 3.21 3.32
HCI
188.58|Drift control - 20 g dm™ As 16.83 18.80 19.41
220.02|20 pg dm™ As in (0.10% v/v
HNO, + 0.10% v/v HCI) 14.06 16.00 16.34
227.40[20 pg dm™ As in (0.50% viv '
HNO;, + 0.50% v/v HCD) 7.47 8.54 8.68
234.78|20 ug dm™ As in (1.00% v/v
HNO, + 1.00% v/v HCI) 6.19 7.10 7.19
244.08 | Drift control - 20 ug dm™ As 17.79 20.52 20.66
296.78|Drift control - 20 g dm™ As 17.06 20.32 19.51
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Time Sample name [As] Corrected with Corrected with
difference (ug dm?) first order second order drift
(minutes) drift curve curve
(1g dm™) (ug dm”)
171.92120 ug dm? As in 2.00% v/v 26.26 24.13 24.04
HCI
179.30120 ng dm” As in 2.50% v/v 22.45 20.56 20.49
HCl
188.58/Drift control - 20 ug dm™ As 21.95 20.03 19.98
220.02|20 pg dm™ As in (0.10% v/v
HNO; + 0.10% v/v HCI) 20.64 18.61 18.62
227.40(20 ug dm? As in (0.50% v/v
HNO; + 0.50% v/v HCl) 20.29 18.24 18.27
234.78120 ug dm” As in (1.00% v/v
HNO; + 1.00% v/v HCI) 25.87 23.18 2325
244.08|Drift control - 20 g dm™ As 22.62 20.20 20.29
296.78|Drift control - 20 ng dm> As 22.65 19.81 20.14

Sc. ¥Y and 'La as internal standards

Calibration curves that were constructed with ©*Sc, ¥Y and **La as internal standards resulted
in correlation coefficients of 1.0000 and detection limits of 1.736 ug dm? As, 1.693 ng dm?
As and 1.686 ng dm™ As respectively. The results are listed in tables 4.55 to 4.57.

Values of approximately 20 ug dm™ arsenic were obtained in the case of samples with matrices
of only nitric acid. In the cases of all three the internal standards, acceptable results were

obtained when the hydrochloric acid in the sample solution was present at a low concentration.

Table 4.55: Results of quantitative determination of As using **Sc as internal standard and the
molecular correction factor (mass 75 / mass 77) at (0.10% v/v HNO; + 0.10% v/v HCI). Results are
also shown for time drift corrected values. First order equation used: (y = -0.0054x + 19.894) and

second order equation used: (y = 2x107x* - 0.0112x + 20.198)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) ‘ drift curve curve
(ug dm?) (ug dm”)
44.57|Drift control - 20 ug dm™ As 19.75 20.10 20.01
51.83|20 g dm™ As in 0.10% v/v 18.93 19.30 19.25
HNO,
59.10{20 g dm™ As in 0.50% v/v 20.22 20.66 20.63
HNO;
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Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm”) (ug dm™)
66.42|20 pug dm™ Asin 1.00% v/v 20.08 20.56 20.55
HNO,
73.68|20 ug dm™ Asin 1.50% v/v 19.82 20.33 20.34
HNO,
80.95'20 ug dm™ As in 2.00% v/v 19.62 20.17 20.21
HNO, ‘
88.22|20 pg dm™ As in 2.50% v/v 20.35 20.96 21.01
HNO,
142.48/20 ug dm? As in 0.10% v/v 17.65 18.46 18.57
HC1
149.82120 ug dm™ As in 0.50% v/v 17.99 18.85 18.97
HCI
157.18/20 ug dm™ As in 1.00% v/v 20.32 21.34 21.46
HCl
164.55(20 g dm™ Asin 1.50% v/v 15.76 16.58 16.68
HCl
171.92|20 ug dm™ As in 2.00% v/v 21.38 22.54 22.67
HCl
179.30|20 wg dm™ As in 2.50% v/v 18.16 19.20 19.29
, HCl
188.58|Drift control - 20 xg dm? As 18.55 19.66 19.74
220.02120 g dm? As in (0.10% v/v
HNO; + 0.10% v/v HCD 17.04 18.22 18.22
227.40|20 ug dm™ As in (0.50% viv
HNO, + 0.50% v/v HCI) 16.63 17.82 17.80
234.78(20 ug dm™ As in (1.00% v/v
HNO, + 1.00% v/v HCI) 21.51 23.09 23.04
244.08 | Drift control - 20 ug dm™ As 18.74 20.18 20.09
296.78|Drift control - 20 xg dm” As 18.33 20.04 19.67
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Table 4.57: Results of quantitative determination of As using La as internal standard and the

molecular correction factor (mass 75 / mass 77) at (0.10% v/v HNO; + 0.10% v/v HCI). Results are

also shown for time drift corrected values. First order equation used: (y = 0.0054x + 19.612) and

second order equation used: (y = -2x10”°x* + 0.0129x + 19.221)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm) (ug dm”)
44.57|Drift control - 20 ug dm™ As 19.77 19.92 20.02
51.83|20 ug dm Asin 0.10% v/v 19.64 19.75 19.80
HNO,
56.10/20 ng dm™ As in 0.50% v/v 20.72 20.79 20.81
HNO, '
66.42(20 pg dm> As in 1.00% v/v 20.19 20.22 20.20
HNO;
73.68120 pg dm? As in 1.50% v/v 20.08 20.07 20.02
HNO;
80.9520 ng dm™ As in 2.00% v/v 19.79 19.74 19.66
HNO;
88.22120 ng dm™ As in 2.50% v/v 20.52 20.43 20.31
HNO;, ,
142.48|20 g dm™ Asin 0.10% v/v 19.66 19.29 19.04
HClI
149.82(20 ng dm? As in 0.50% v/v 21.74 21.29 21.00
HCl
157.18/20 g dm™ As in 1.00% v/v 26.50 2591 25.54
HCI
164.5520 ug dm™ As in 1.50% v/v 20.72 20.21 19.92
HCl
171.92)20 ug dm™ As in 2.00% v/v 29.40 28.63 28.20
HCl
179.30(20 ug dm? As in 2.50% v/v 26.04 25.31 24.93
HCl
188.58|Drift control - 20 ug dm™ As 20.65 20.02 19.72
220.02/20 ug dm” As in (0.10% v/v '
HNO; + 0.10% v/v HCI) 20.10 19.32 19.06
227.4020 ug dm As in (0.50% v/v
HNO, + 0.50% v/v HC]) 21.01 20.17 19.90
234.78 20 ng dm™ As in (1.00% v/v
HNO, + 1.00% v/v HCI) 28.63 27.42 27.08
244.08 | Drift control - 20 ug dm™ As 21.29 20.34 20.11
296.78 |Drift control - 20 ug dm™ As 20.93 19.73 19.66
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Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve

(ug dm™) (ug dm?)
149.82|20 g dm™ As in 0.50% v/v 1.23 1.78 2.34
HCI
157.18|20 wg dm™ As in 1.00% v/v 1.05 1.55 2.07
HCI '
164.5520 ug dm™ As in 1.50% v/v 0.94 1.42 1.92
HCI
171.92[20 pg dm?® As in 2.00% v/v 0.95 1.47 2.00
HCI
179.30|20 g dm™ As in 2.50% v/v 0.91 1.44 1.98
HCl
188.58| Drift control - 20 g dm™ As 7.50 12.33 17.00
220.02|20 ug dm™ As in (0.10% v/v
HNO; + 0.10% v/v HC) 2.94 5.44 7.27
227.40|20 pg dm™ As in (0.50% v/v
HNO; + 0.50% v/v HCl) 1.20 2.28 2.99
234.78)20 ug dm” As in (1.00% v/v
HNO, + 1.00% v/v HCI) 1.06 2.08 2.67
244.08|Drift control - 20 ug dm™ As 11.40 23.33 28.79
296.78|Drift control - 20 ug dm™ As 8.88 23.67 20.24

Table 4.60: Results of quantitative determination of As using *’Cl as internal standard and the molecular
correction factor (mass 75 / mass 77) at (0.10% v/v HNO, + 0.10% v/v HCI). Results are also shown

for time drift corrected values. First order equation used: (y =-0.0104x + 19.852) and second order

equation used: (y = 7x107x? - 0.0330x + 21.043)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm”) (ug dm™)
44.57|Drift control - 20 pg dm™ As 19.76 21.49 20.05
51.83/20 ug dm™ As in 0.10% v/v 19.19 20.96 19.66
HNO,
59.10{20 wg dm™ As in 0.50% v/v 19.85 21.77 20.53
HNO,
66.4220 ug dm” As in 1.00% v/v 19.81 21.81 20.68
HNO,
73.68/20 g dm As in 1.50% viv 19.23 21.26 20.25
HNO,
80.95|20 pg dm™ As in 2.00% v/v 18.59 20.64 19.74
HNO,
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Time Sample name [As] Corrected with Corrected with
difference (ug dm™?) first order second order drift
(minutes) drift curve curve
(ug dm) (ug dm)
88.22|120 ug dm™ As in 2.50% v/v 19.24 21.46 20.60
HNO,
142.48|20 ng dm? As in 0.10% v/v 14.66 16.88 16.51
HCI
149.82|20 g dm™ As in 0.50% v/v 7.92 9.16 8.97
HCI
157.18/20 ug dm™ As in 1.00% v/v 5.59 6.50 6.36
HCl
164.55(20 ug dm™ As in 1.50% v/v 326 3.81 3.73
HCt
171.92{20 pg dm™ As in 2.00% v/v 3.60 4.22 4.13
HCI
179.30/120 ug dm™ As in 2.50% v/v 2.58 3.03 2.97
HCI
188.58|Drift control - 20 ug dm™ As 16.80 19.90 19.42
220.02|20 wg dm? As in (0.10% v/v
HNO, + 0.10% v/v HCI) 13.96 16.86 16.26
227.40(20 ug dm™ As in (0.50% v/v
HNO; + 0.50% v/v HCI) 7.19 8.72 8.38
234.78]20 g dm™ As in (1.00% viv
HNO, + 1.00% v/v HCl) 5.86 7.14 6.83
244.08 | Drift control - 20 ug dm™ As 17.77 21.79 20.71
296.78 | Drift control - 20 wg dm™ As 17.04 21.61 19.56

4.5.10 Effect of using molecular (mass 75 / mass 77) corrections in a (0.50% v/v HNO; + 0.50% v/v

HCl) matrix on the quantitative defermination of arsenic

No internal standard

A correction factor of 3.189 for the solution of (0.50% v/v HNO; + 0.50% v/v HCI) was

calculated and used in the processing of the results in this section. The constructed calibration

curve showed a correlation coefficient of 1.0000 and the detection limit was calculated to be

1.683 g dm™ As. The results of the quantitative analyses are shown in table 4.61.

Matrices of only nitric acid resulted in acceptable values of approximately 20 g dm™ arsenic.

With hydrochloric acid present at low concentration in solution the correction procedure proved

to yield acceptable results.
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5S¢ ¥Y and °La as internal standards

With “Sc, ¥Y and 'La as internal standards the calibration curves yielded correlation
coefficients of 1.0000 and detection limits were calculated at 1.736 ug dm™ As, 1.693 ug dm™
As and 1.686 ug dm™ As respectively. Tables 4.62 to 4.64 show the values obtained after

quantitative analyses.

Samples containing only nitric acid as matrix yielded values of approximately 20 ng dm for
all three internal standards. None of the three internal standards resulted in acceptable values

for all concentrations of hydrochloric acid present in solution.

Table 4.62: Results of quantitative determination of As using **Sc as internal standard and the
molecular correction factor (mass 75 / mass 77) at (0.50% v/v HNO; + 0.50% v/v HCl). Results are
also shown for time drift corrected values. First order equation used: (y = -0.0054x + 19.894) and

second order equation used: (y = 2x107x* - 0.0112x + 20.198)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift eurve curve
(ug dm™) (ug dm”)
44.57|Drift control - 20 ng dm™ As 19.75 20.10 20.01
51.83{20 pg dm™ As in 0.10% v/v 18.93 19.30 19.25
HNO,
59.10120 pg dm As in 0.50% v/v 20.22 20.66 20.63
’ HNO,
66.42120 g dm? As in 1.00% v/v 20.08 20.56 20.55
HNO,
73.68120 g dm™ As in 1.50% v/v 19.82 20.33 20.34
HNO,
80.95120 ng dm™ As in 2.00% v/v 19.62 20.17 20.21
HNO, A :
88.22|20 ug dm™ As in 2.50% v/v 20.35 20.96 21.01
HNO, A
142.48/20 pg dm™ As in 0.10% v/v 17.65 18.46 18.57
HCl '
149.82120 pg dm™ As in 0.50% v/v 18.00 18.86 18.98
HCl
157.18/20 ug dm™ As in 1.00% v/v 20.34 21.36 21.49
HCI
164.55!20 ug dm™ As in 1.50% v/v 15.79 16.61 - 16.71
HCl - A
171.92{20 ng dm™ As in 2.00% v/v 2142 22.58 22.71
HCl
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Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve

(ug dm?) (ug dm)

164.55 20 pg dm™ As in 1.50% v/v 18.55 18.77 18.70

HCl
171.92 20 ug dm> As in 2.00% v/v 25.97 26.28 26.18

HCI
179.30120 ug dm™ As in 2.50% v/v 22.27 22.53 22.44

HCl
188.58|Drift control - 20 ug dm™ As 19.54 19.76 19.69
220.02|20 ug dm? As in (0.10% v/v ,

HNO, + 0.10% v/v HCl) 18.90 19.09 19.03
227.40(20 g dm™ As in (0.50% v/v

HNO, + 0.50% v/v HCI) 18.92 19.11 19.05
234.78120 ng dm™ As in (1.00% viv

HNO, + 1.00% v/v HCI) 25.15 25.40 2533
244.08 |Drift control - 20 ug dm™ As 20.27 20.47 20.42
296.78 | Drift control - 20 xg dm™ As 19.62 19.77 19.79

Table 4.64: Results of quantitative determination of As using ‘”La as internal standard and the
molecular correction factor (mass 75 / mass 77) at (0.50% v/v HNO, + 0.50% v/v HC]). Results are

also shown for time drift corrected values. First order equation used: (y = 0.0054x + 19.612) and

second order equation used: (y = -2x10°%x* + 0.0129x + 19.221)

Time Sample name [As] Corrected with Corrected with
difference (ug dm?) first order second order drift
(minutes) drift curve curve

(ug dm™) (ug dm”)
44,57 Drift control - 20 ug dm™ As 19.77 19.92 20.02
51.83|20 wg dm? As in 0.10% v/v 19.64 19.75 19.80
HNO,
59.10{20 pg dm™ As in 0.50% v/v 20.72 20.79 20.81
HNO,
66.42120 ug dm™ As in 1.00% v/v 20.19 20.22 20.20
HNO,
73.68(20 ng dm™ As in 1.50% v/v 20.08 20.07 20.02
HNO,
80.95|20 ug dm? As in 2.00% v/v 19.79 19.74 19.66
HNO,
88.22120 ng dm? As in 2.50% v/v 20.52 20.43 20.31
HNO,
142.48|20 g dm™ As in 0.10% v/v 19.66 19.30 19.04
HCl
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Table 4.65: Results of quantitative determination of As using *Ar as internal standard and the

molecular correction factor (mass 75 / mass 77) at (0.50% v/iv HNO; + 0.50% v/v HCI). Results are

also shown for time drift corrected values. First order equation used: (y = -0.0179x + 19.875) and

second order equation used: (y = 5x107x* - 0.0355x + 20.798)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve

(ug dm?) (ug dm”)
44.57|Drift control - 20 pg dm™ As 19.34 20.28 20.03
51.83|20 ng dm? As in 0.10% v/v 17.99 18.99 18.85
HNO,
59.10/20 ug dm™ As in 0.50% v/v 19.00 20.19 20.13
HNO, :
66.42|20 ug dm™ As in 1.00% v/v 19.11 20.45 2048
HNO,
73.68|20 ng dm” As in 1.50% v/v 18.57 20.01 20.12
HNO,
80.95120 ug dm™ As in 2.00% v/v 18.10 19.65 19.83
HNO,
88.22|120 ng dm™ As in 2.50% v/v 19.08 20.85 21.13
HNO,
142.48]20 pg dm™ As in 0.10% v/v 15.62 18.04 18.65
HCl
149.82(20 ug dm™ As in 0.50% v/v 15.02 17.47 18.09
HCl
157.18{20 ng dm™ As in 1.00% v/v 15.81 18.53 19.22
HCI
164.55120 g dm? As in 1.50% v/v 11.74 13.87 14.39
HCl
171.92120 pg dm” As in 2.00% v/v 15.97 19.02 19.75
HCl
179.30120 ug dm™ As in 2.50% v/v 12.66 15.19 15.78
HCI
188.58| Drift control - 20 ug dm™ As 15.86 19.22 19.97
220.02{20 ug dm™ As in (0.10% v/v
HNO; + 0.10% v/v HCI) 14.31 17.96 18.57
227.40(20 wg dm? As in (0.50% v/v
HNO, + 0.50% v/v HCl) 13.15 16.64 17.18
234.78|20 pg dm™ As in (1.00% v/v
HNO, + 1.00% v/v HCI) 16.33 20.83 21.45
244.08 | Drift control -~ 20 ug dm™ As 15.54) 20.05 20.57
296.78|Drift control - 20 ug dm™ As 14.89 20.45 20.30
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4.5.11 Effect of using molecular (mass 75 / mass 77) corrections in a (1.00% v/v HNO; + 1.00% v/v
HCl) matrix on the quantitative determination of arsenic

No internal standard

A correction factor of 3.252 was calculated from analysis of a solution containing (1.00% v/v
HNO, + 1.00% v/v HC1). The calibration curve that was constructed resulted in a correlation
coefficient of 1.0000 and a detection limit of 1.700 ug dm™ As was calculated. Table 4.68

shows the results obtained.

With no hydrochloric acid present in solution, values of approximately 20 n.g dm™ arsenic were
obtained. With hydrochloric acid present in solution the values obtained showed to be slightly

less than 20 wg dm™.

Table 4.68: Results of quantitative determination of As using no internal standard and the molecular
correction factor {mass 75 / mass 77} at (1.00% v/v HNO; + 1.00% v/v HCI). Results are also shown
for time drift corrected values. First order equation used: (y = 0.0083x + 20.269) and second order

equation used: (y = -1x107x* + 0.0130x + 20.016)

Corrected with

Time Sample name [As] Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve

(ug dm?) (ug dm?)
44 .57\Drift control - 20 ug dm™ As 20.59 19.95 20.01
51.83/20 g dm? As in 0.10% v/v 19.98 19.31 19.34
HNO,
59.10{20 ug dm™ As in 0.50% v/v 21.12 20.35 20.36
HNO,
66.42,20 pg dm” As in 1.00% v/v 21.44 20.59 20.58
HNO,
73.68'20 ug dm? As in 1.50% v/v 21.02 20.14 20.10
HNO,
80.95 20 g dm™ As in 2.00% v/v 20.44 19.52 19.46
HNO,
88.22(20 ng dm™ As in 2.50% v/v 21.22 20.21 20.13
HNO,
142.48(20 g dm™” As in 0.10% v/v 20.34 18.97 18.78
HCI
149.82120 wg dm™ As in 0.50% v/v 19.00 17.66 17.48
HCl
157.18|20 ug dm™ As in 1.00% v/v 19.78 18.33 18.13
HCl
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Table 4.71: Results of quantitative determination of As using “La as internal standard and the

molecular correction factor (mass 75 / mass 77) at (1.00% v/v HNO; + 1.00% v/v HCI). Results are

also shown for time drift corrected values. First order equation used: (y = 0.0049x + 19.630) and

second order equation used: (y = -2x107x* + 0.0115x + 19.285)

Time Sample name [As] Corrected with Corrected with
difference (ug dm™) first order second order drift
(minutes) drift curve curve
(ug dm?) (ug dm™)
44.57\Drift control - 20 ng dm™ As 19.78 19.93 20.03
51.83120 ug dm” As in 0.10% v/v 19.65 19.76 19.82
HNO,
59.10120 ug dm™ As in 0.50% v/v 20.73 20.81 20.84
HNO,
66.42120 g dm? Asin 1.00% v/v 20.20 20.25 2024,
HNO,
73.68|20 wg dm™ As in 1.50% v/v 20.08 20.09 20.06
HNO,
80.95|20 ug dm? As in 2.00% v/v 19.80 19.77 19.71
HNO,
88.22120 g dm™ As in 2.50% v/v 20.53 20.46 20.38
HNO,
142.48/|20 pg dm™ As in 0.10% v/v 19.31 19.00 18.82
HCl
149.82120 g dm™ As in 0.50% v/v 19.61 19.26 19.08
HCI
157.18 20 ug dm™ As in 1.00% v/v 21.91 21.48 21.27
HClI
164.55120 pg dm” As in 1.50% v/v 14.06 13.76 13.63
HCl
171.92120 g dm™ As in 2.00% v/v 20.56 20.08 19.89
HCI
179.30(20 ng dm™ As in 2.50% v/v 14.82 1445 14.31
HCl
188.58 | Drift control - 20 g dm™ As 20.53 19.98 19.80
220.02|20 wg dm™ As in (0.10% v/v
- |HNO; + 0.10% v/v HCI) 19.63 18.96 18.83
20 pg dm™ As in (0.50% v/v
227.40/HNO; + 0.50% v/v HCI) 18.35 17.69 17.59
234.78120 ng dm” As in (1.00% v/v
HNO; + 1.00% v/v HCI) 23.38 22.50 22.39
244.08|Drift control - 20 g dm™ As 21.22 20.38 20.30
296.78|Drift control - 20 xg dm™ As 20.81 19.74 19.88
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The hydrochloric acid concentration in solution was varied from 0.10% v/v to 2.50% v/v. It
was shown that correction procedures are necessary when chlorine is present in the matrix and
arsenic has to be determined quantitatively. It was shown that the use of internal standards
could not compensate for the chlorine interference on mono-isotopic arsenic at mass 75, as the

values are not effected by only instrumental drift, but are the result of dimer formation.

Molecular correction factors were determined at different acid concentrations and the results
were adjusted accordingly. The effects of the internal standards together with these correction
factors on the arsenic determinations were also studied. Most of the correction factors
compensated for the effect of the dimer formation at mass 75 for hydrochloric acid
concentrations of less than 1.50% v/v. Under normal conditions the acid concentration of
samples prepared for ICP-MS analysis do not exceed 1.00% v/v. For such samples the
proposed dimer correction procedures together with instrumental drift monitoring proved to
result in acceptable results. For samples with a hydrochloric acid content of more than 1.00%
v/v the correction procedures do not compensate for the dimer formation adequately, effectively

resulting in unacceptable values.
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