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Abstract

A rapid, sensitive and accuracy method was developed for detection of rhodium in
wastewater samples. The recovery test indicate that 343.489 nm is the proper
wavelenghts for Rh determination.
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Introduction

Rhodium is part of Platinum group elements together with iridium (Ir), osmium
(0s), palladium (Pd), platinum (Pt) and ruthenium (Ru). Over the last decade, the
platinum metal concentration of environmental samples such as soil, surface water,
sediment and vegetation has increased significantly, the main source of
contamination with these platinum metals being catalytic converters. Platinum group
elements are used in catalysts which reduce pollutants in the exhaust system.
Catalysts containing platinum metals are applied especially to motor vehicles but
can also be used in industry as stationary catalyst used for oxidation of ammonia.
The main sources of platinum metals emissions in Europe: 50.4% come from
catalysts, 24.7% of jewelry, 6% from electrical industry, 4.8% from chemical
industry, 4.6% from glass industry, 2.6% from oil industry and 6.8% from other
sources (Pawlak 2014).

Large platinum concentration have been found near mines, especially those that
extract nickel ores (Dinu 2017). Concentration of platinum metals were found also
in different types of water (river, rainwater, groundwater, surface water) (Ravindra
2004, Kim 2017). Due to the use of catalysts, harmful gases (CO, HC, NOXx) emitted
by cars are oxidized and reduced to harmless gases (CO2, H20, N2) (Yajun 2012).
In high concentration platinum metals give mutagenic effects in bacterial and
mammalian cells and tumor growth. The platinum metal concentration in the
environment are low and their health effects are poorly studied (Merget 2001).
Rhodium is present at about 0.001mg/L in the earth’s crust. Rhodium is a white-
silver metal with a higher melting point and a lower density than platinum. Platinum
elements usually do not form oxides and are not affected by the most acids. It is
completely insoluble in nitric acid, poorly soluble in aqua regia, but only sulfuric
acid can dissolve completely when it is in the form of a powder. Being a noble
metal, pure rhodium is chemically inert, but becomes very reactive in chemical
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combinations. Rhodium is used in combination with platinum for thermocouples,
crucibles, evaporating dishes, etc. (Panahi 2009).

Rhodium found in nature consists of one isotope, 1R of the thirty-eight discovered
so far (Parker 2012).

The most commonly used analytical techniques for rhodium determination are:
graphite furnace atomic absorption spectrometry (GFAAS) (Su 2001,
Zimmermann 2003), instrumental neutron activation analysis (INAA) (Dai 2001),
adsorptive stripping voltammetry (ASV) (Georgieva 1997), inductively coupled
plasma-atomic emission spectrometry (ICP-AES) (Kovacheva 2002) and inductively
coupled plasma-mass spectrometry (ICP-MS) (Petrucci 2000, Niemela 2004,
Djingova 2003, Gomez 2000, Resano 2007, Muzikar 2006).

The aim of this study was to develop a method for the determination of rhodium
from wastewater samples using ICP-OES technique.

Materials and Methods

Reagents : Standard solution for Rhodium calibration, 10 mg/L ICP-MS Standard,
Sigma — Aldrich quality; nitric acid for trace analysis > 69%, Fluka; ultrapure
water; argon 99,996% purity; nitrogen 99,999% purity (Linde-Gas quality).
Equipment: Inductively Coupled Plasma Optical Emission Spectrometer ICP-OES
Type Optima 5300 DV Perkin Elmer.

Optimized instrumental parameters are summarized in Table 1.

Table 1. Parameters for ICP-EOS

Spectrometer parameters

Rh Wavelengths: 233.477 nm; 343.489 nm Replicates 3times

Integration time: 0.05 s Purge Gas Flow normal

Transient Read Time 30.0 s Transient Read Delay 0.0 s
Plasma parameters

Plasma flow rate 15L/min Power RF 1400

Auxiliary flow rate 0.2L/min Plasma View Axial

Nebulizer flow rate 0.7 L/min View distance 15.0 mm

Method verification

In order to validate the developed method under the established optimized condition
were investigate the performance parameters: limits of detection (LOD), limits of
quantification (LOQ), linearity, accuracy (precision, recovery). The tests performed
are indicated in Table 2.

Table 2. Experimental design for method verification

Linearity test 5 solutions in the range 0.1 mg/L to 0.5 mg/L Rh

LOD, LOQ 5 independent fortified blank solution of 0.04 mg/L Rh

Repeatability 10 independent standard solution of 0.3 mg/L Rh

Intermediate 4 independent standard solution analyzed by 2 chemists in 2 different
precision days, 16 independent standard solution of 0.3 mg/L Rh

Recovery 6 independent fortified drinking water samples, respectively 3 wastewater

samples with 0.04 mg/L Rh
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The mathematical equation for relative standard deviation (coeficient of variation)
and recovery are:
Recovery, %

/N @
n= X, 100
where Xs is mean value of fortified samples, mg/L; Xp is mean value of unfortified
samples, mg/L; Xa is concentration of added standard solution, mg/L.
Relative standard deviation, RSD

RSD = %* 100 (2)

where Sr is standard deviation of concentrations, mg/L; x is mean value of
concentrations, mg/L.

Results and Discussion
The calibration standards were prepared in the range 0.1 to 0.5 mg/L Rh in 3% nitric
acid for trace analysis using a 10 mg/L Rh Certified Reference Material. The
calibration curve and all tested parameters was performed at two different
wavelengths: 233.477 nm, respectively 343.489 nm. In Figures 1 and 2 are plotted
the calibration curve, the determination coefficients were higher than the minimum
accepted value (0.995).
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Figure 1. Calibration curve, 233.477 nm  Figure 2. Calibration curve, 343.489 nm

The working range is linear between 0.1mg/L and 0.5 mg/L for both wavelengths
(233.477 nm and 343.489 nm) and the value for coefficient of variation (0.36% for
233.477 nm and 0.92% for 343.489 nm), less then 2% according to Horwitz function
(Hibbert 2007), situate the test method as good spectrometric method (Table 3).
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Table 3. Linearity test coefficients

Rh, 233.477 nm

y = 93062x - 354

y-Intercept Sensitivity = slope of the Correlation coefficient
a= -354 mg/L calibration curve R =0,99995
b = 93062 mg/L
Residual standard Standard deviation of the Coefficient of variation of the
deviation method method
Sy =101.1 mg/L S, =0.0011 mg/L Vyo1 = 0.36 %

Rh, 343.489 nm

y =92355x + 152.91

y-Intercept Sensitivity = slope of the Correlation coefficient
a= 152.91 mg/L calibration curve R =0,9994
b = 92355 mg/L
Residual standard Standard deviation of the Coefficient of variation of the
deviation method method
Sy = 255 mg/L S, =0.0028 mg/L Vo1 =0.92 %

Five independent blank samples (ultrapure water) were fortified with 0.04 mg/L Rh
in order to quantify the detection limit (LOD) and the quantification limit (LOQ).
The results obtained are presented in Table 4.

Table 4. Parameters in experiments for LOD and LOQ

Rh, 233.477 nm

Measured values

0.047 0.047 0.043 0.043 0.034
(mg/L)

Standard deviation of the results, s = 0.005 mg/L
Limit of detection, LOD = 3s =0.016 mg/L
Limit of quantification, LOQ = 10s = 0.05 mg/L

Rh, 343.489 nm

Measured values

(mg/L) 0.031 0.037 0.035 0.036 0.038

Standard deviation of the results, s = 0.003 mg/L
Limit of detection, LOD = 3s =0.01 mg/L
Limit of quantification, LOQ = 10s =0.03 mg/L

For precision in terms of repeatability of the method, ten samples of 0.3 mg/L Rh,
prepared from 10 mg/kg Rh (I11) in nitrate solution were analyzed. The precision test
was performed by one analyst with the same equipment and method, in one day. In
Table 5 are presented the experimental data for precision test.

Table 5. Experiments for repeatability

Rh, 233.477 nm

Measured values 0.298 0.301 0.300 0.299 0.298

(mg/L) 0.306 0.299 0.298 0.302 0.308

Standard deviation of the results, s = 0.0036 mg/L

Mean value, Xmean = 0.3009 mg/L

Repeatability = 2.8*s=0.0102 mg/L

Relative standard deviation of the repeatability, RSD,;= S/(Xmean*100)= 1.21%
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Rh, 343.487 nm

Measured values 0.301 0.303 0.305

0.298

0.299

(mg/L) 0.301 0.301 0.305

0.305

0.309

Standard deviation of the results, s = 0.0034 mg/L
Mean value, Xmean = 0.3027 mg/L
Repeatability = 2.8*s= 0.0095 mg/L

Relative standard deviation of the repeatability, RSD,;= S/(Xmean*100)= 1.12%

Test for intermediate precision (Table 6) have been performed by two analysts (four
determination in two different days for each analyst) using the same method and the

same equipment.

Table 6. Experiments for intermediate precision

Rh, 233.477 nm

Measured values 0.288 0272 0294 0279 0.316 0301 0311 0.291
(mg/L) 0276 0294 0.321 0.307 0.312 0.319 0.297 0.306
Standard deviation of the results, s = 0.006 mg/L
Mean value, Xmean = 0.299 mg/L
Repeatability = 2.8*s= 0.017 mg/L
Relative standard deviation of the repeatability, RSD,;= S/(Xmean*100)= 2.02%
Rh, 343.487 nm
Measured values 0.298 0.297 0296 0.300 0.302 0.302 0310 0.312
(mg/L) 0296 0299 0.299 0.300 0.307 0.303 0.297 0.309

Standard deviation of the results, s = 0.006 mg/L
Mean value, Xmean = 0.302 mg/L
Repeatability = 2.8*s= 0.017 mg/L

Relative standard deviation of the repeatability, RSD,;= s/(Xmean*100)=2.00%

The studies for recovery test was performed using two different drinking water
samples and one wastewater sample enriched with 0.4 mg/L Rh. For each type of
matrix, three separate samples were digested with nitric acid ultrapure in order to

eliminate organic matter and then analyzed. The obtained results are in Tabel 7.

Table 7. Results for recovery tests

Rh, 233.477 nm

Parameter Drinking water Drinking water Wastewater sample
sample 1 sample 2 3
X, mg/L 0.0043 0.0053 0.0223
N, % 10.83 13.33 55.83
Sixf, mgiL 0.0006 0.0015 0.0023
Sy, % 1.44 3.82 5.77
Rh, 343.487 nm
Parameter Drinking water Drinking water Wastewater sample
sample 1 sample 2 3
Xs, mg/L 0.0417 0.042 0.0427
N, % 104.2 105 106.67
Sxt. mg/L 0.0012 0.001 0.0006
Sy, % 2.89 2.50 1.44
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For 10 to 100 pg/L level of concentration, the recovery percentage must be situated
in the 60-115% range (Tanase 2007).

The recovery test indicate that at 233.477 nm wavelength the recovery percentage is
very low, even if the other performance parameters are very good. It is found that
only 343.487 nm is suitable for determination of rhodium from drinking and
wastewater samples, recovery percentage higher tahn 104%.

Conclusions

The method for rhodium determination at 343.487 nm using inductively coupled
plasma optical emission spectrometry is precise, sensitive and fast, with a good
recovery performance and can be used for drinking and wastewater samples.
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