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Method verification for metal analysis (Cd, Cr, Cu, Ni, Co, and Mn) in surface
water using Inductively Coupled Plasma (ICP) was carried out to evaluate the
method’s performance in the laboratory-based on US Method EPA 200.7. The
verified method is used to determine the metal content in river water flowing in
Bandar Lampung. The results showed that the method used had good linearity
with a regression coefficient of more than 0.995. This method’s accuracy is
expressed by the %RSD (relative standard deviation), which is in the range of
3.145 to 4.345% and meets the acceptance requirements with a %RSD value less
than 2/3 CV Horwitz. The method accuracy obtained from the spiking analysis
gives a range of 80-110% for the analysis of 1 mg/L and meets the acceptability
required by AOAC. Overall, the performance of the method used is suitable for the
analysis of metals in surface water. This method was applied for metal analysis in
river water samples in several places in Bandar Lampung, which were the Palang
Besi river (A1), the Way Balau Kedamaian river (B1), the Way Balau Kedaton river
(C1), the Way Kuala river (D1), the Sumur Batu Kahuripan river (E1), Sumur Putri
river (F1), and Muara Kahuripan river (G1). The concentrations of Cd, Cr, Cu, Ni,
and Co metals were under the LoD method, while the Mn concentration was above
the LoD method in river water samples.

1. Introduction

cause significant negative effects on the life of

The river is one of the essential components for the
continuity of human life and other living things,
including maintaining the environmental ecosystem’s
balance.  However, an increasing population,
accompanied by an increase in human activities, causes
the potential for river pollution to be even higher. Heavy
metals have received attention because of their
persistence, bioaccumulation, and biomagnification in
the food chain, which are toxic and endanger human
health and aquatic organisms [1, 2]. Heavy metals such as
Pb, Cd, Cr, Cu, Ni, Co, and Mn are known to affect health
significantly. Some of the diseases caused by heavy metal
poisoning are anemia, various organ disorders, and
decreased intelligence. Children are a group at high risk of
heavy metal poisoning [3]. High metal content can also

invertebrates, fish, and humans [4]. The presence of
heavy metals with high concentrations in the river water
environment has been reported in several areas [1, 5, 6, 7,
8, 9, 10, 11]. Considering the negative impacts caused by
heavy metals, it is crucial to monitor heavy metals in
waters using a method that provides valid results.

The factors that influence the laboratory test results
are competent personnel, calibrated equipment,
supportive laboratory resources, and valid analysis
methods. Guarantee of valid analysis results is carried out
through validation of the method used. Method validation
is carried out by providing objective performance
evidence to show that the laboratory can conduct tests
with valid results. Several standard methods are
available, such as methods from AOAC (Association of
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Official Analytical Chemist), ASTM (American Standard
Testing and Materials), SNI (Indonesian National
Standard), and others. However, if this method is being
used for the first time in a laboratory, limited validation
or verification is required. The method verification stage
is almost the same as validation. It is just that the
parameters performed are not as complete as the
validation [12]. The verification parameters of a method
include linearity, test precision, accuracy, and detection
limits.

Linearity is the ability of an analytical method to
respond directly to an analyte’s concentration in the
sample. Linearity is a measure of how well the calibration
curve relates the response (y) to concentration (x).
Linearity can be measured by taking a single
measurement at different concentrations, then analyzed
using the correlation coefficient value [13].

Precision is a measure that shows the degree of
closeness of the value between the results of repeated
tests [14]. Precision can be done using repeatability
techniques using repetitive procedures, tools, analysts,
and periods. Precision is usually expressed as the Relative
Standard Deviation (RSD).

Accuracy is a measure that shows the closeness of the
test results obtained to the actual value. Accuracy can be
done in 3 ways, using Certified Reference Material (CRM),
comparing with other methods, and adding several
standards (spiking). [15] determined the HPLC method’s
accuracy for determining vitamin Bi. Determination of
accuracy by adding spiking and expressed as a percentage
of recovery has also been carried out to determine arsenic
contamination in food [16].

Limit of detection (LoD) is the lowest limit of analyte
concentration that can still be detected and can be
significantly distinguished from blanks. Limit of
Quantification (LoQ) is the lowest limit of analyte
concentration detected with an acceptable level of
accuracy and precision [13].

Testing of metal levels in water can be carried out by
several methods, including chromatographic methods
such as ion chromatography [17, 18] and
spectrophotometric methods using Uv  vis
spectrophotometer [19], using atomic absorption
spectrophotometer (AAS) [10], and Inductively Coupled
Plasma-Optical Emission Spectroscopy (ICP-OES) [20].
ICP-OES is an instrument that can be used for measuring
metal content in water. The excitation source on the ICP
is in the form of plasma generated from the
electromagnetic waves of a radio frequency generator
through an induction coil. This excitation source
produces a flame with a higher temperature, which is
higher than AAS, thereby minimizing the possibility of
chemical disturbance and increasing the method’s
sensitivity. This tool can simultaneously measure
analytes with high sensitivity and provide a low analyte
detection limit to ppb units. ICP is widely used for metal
analysis in soil, sediment, and water [20, 21, 22].

Considering the need for a valid method to determine
the levels of heavy metals in the aquatic environment,

verification was carried out on the heavy metal testing
method using the ICP-OES published by the EPA, which
was used in the Integrated Laboratory and Technology
Innovation Center (LTSIT), University of Lampung,
before the method was used for routine metal analysis.
This study verifies the analysis method for metal content
in river water with ICP-OES, including linearity, accuracy
in %recovery, precision testing, LoD and LoQ_tests, and
using these methods to determine metal content in
Bandar Lampung city rivers.

2. Methodology
2.1. Equipment and Materials

The tools used are the Inductively Coupled Plasma-
Optical Emission Spectroscopy (ICP-OES) Varian 715-ES,
Kern ABJ-220-4NM analytical balance with an accuracy
of up to 0.1 mg, sample containers, and glass tools such as
the Erlenmeyer, beaker glass, volumetric flask, filter
funnel, and volume pipette. The chemicals used include a
standard solution of ICP multi-element 1000 mg/L
(containing heavy metals analyzed: Pb, Cd, Cu, Ni, Co),
paint. 1.09498.0001 Merck, Germany; Nitric acid (HNO3)
65% Merck; Aqua pure (Ultrapure water) ASTM type 1,
filter paper Whatman No. 41 (size 0.45 pm).

2.2. Surface water sample preparation

Samples were taken from surface water in several
places in the rivers around Bandar Lampung, namely the
Palang Besi river, the Way Balau Kedamaian river, the
Way Balau Kedaton river, the Way Kuala river, the Sumur
Batu Kahuripan river, the Sumur Putri river, and the
Muara Kahuripan river. The sampling locations are
presented in Figure 1 and Table 1.

The surface water sample was filtered with Whatman
No. 41. Then the filtrate was pipette + 20 mL. The filtrate
was put into a 50 mL polypropylene bottle, added HNOs (1:
1) to make the acid concentration at the aliquot
approaching 1% (v/v) HNO; solution. The mixture was
then closed and homogenized and ready to be measured
using the ICP-OES [23].

©
o

A: Palang Besi
B: Way Balau Kedamaian
€: Way Balau Kedaton

D: Way Kuala

E: Sumur Batu Kahuripan
F: Sumur Putri

G:Muara Kahuripan

Figure 1. Location for River Water Sampling in Bandar
Lampung City



Jurnal Kimia Sains dan Aplikasi 24 (1) (2021): 29-36 31

Table 1. Code and coordinates of sampling locations

Lokasi Sampling Kode Sampel  Koordinat

Palang Besi A1 5°40’13’’ SL
105°21’22’EL

Way Balau Kedamaian B1 5°24’21’" SL
105°28’64’EL

Way Balau Kedaton C1 5°38’27’" SL,
105°26’40’EL

Way Kuala D1 5°44’79’" SL
105°30’16’EL

Sumur Batu Kahuripan E1 5°43’39"’ SL
105°25’61’EL

Sumur Putri F1 5°43'91"" SL
105°24’58’EL

Muara Kahuripan G1 5°45’36 SL

105°26’29’EL

2.3. Preparation of Standard Working Solution

A standard working solution was prepared by a
multilevel dilution technique of a multi-element
standard solution of 1000 mg/L diluted with 1% HNOs.
The concentration of the standard working solution used
is 0.01; 0.05; 0.10; 0.50; 1.00; 2.50 and 5.00 mg/L.

2.4. Verifying Method
2.4.1. Linearity Testing

The prepared standards were sorted from lowest
concentration to the highest concentration. Standards
were measured in the following order: blank, standard 1,
standard 2, standard 3, standard 4, standard 5, standard
6, standard 7. A calibration curve was created, and the
linearity value was determined based on the correlation
coefficient.

2.4.2. Accuracy

Accuracy was determined as a percentage of recovery
(%R). The sample solution was prepared in 12 containers,
and each included 20 mL of sample. Each of the seven
prepared samples was then added with 0.2 mL of analyte
derived from a standard solution of 100 mg/L mixed
metal. The sample to which the analyte had been added
was further added with HNO; (1 + 1) to make the acid
concentration in the aliquots closer to the 1% (v/v) HNO;
solution. The solution was then made into pairs
consisting of the sample solution and the sample solution
that had been spiked so that seven pairs of solutions were
obtained. The solution was homogenized and ready to be
analyzed. The measurement results were compared with
the theoretical analyte concentration, which was added
and calculated by equation (1).

% Recovery = % x 100 (1)
where: %R = percentage of recovery
C1 = the concentration of the sample analysis results
added to the analyte target standard
C2 = concentration of sample analysis result
C3 = the target standard concentration of the analyte
added to the sample

2.4.3. Precision

The precision parameter is calculated using the
repeatability technique. A total of 8 sample solutions were
prepared, and each solution was then measured. The
repeated analysis results then calculated the value of
Relative Standard Deviation (% RSD) or the Coefficient of
Variation (CV), then compared with 2/3 x CV Horwitz’s
value. The standard deviation (SD) value is calculated
using the formula in equation 2:

_ 202
SD = /—n_l (2)

Note: SD = standard deviation

x = the average of the test values
x; = N test iteration

n = number of test repetitions

Furthermore, the value of %RSD, also known as %CV
(Coefficient of Variance), was calculated using the
equation (3).

%RSD == X 100% (3)
2.4.4. Detection Limit (LoD) and Quantification Limit

(LoQ)

A blank sample was used to determine the detection
limit (LoD) and limit of quantification (LoQ). A blank
sample solution was prepared from a solution containing
no analyte but with the same matrix as the sample
solution. Six blank sample solutions were prepared and
measured as the smallest concentration that the
instrument could still detect. If the sample was not
detected, then add a little bit of analyte as the smallest
concentration. The standard deviation of the
measurement results was calculated. The detection limit
was counted three times the SD, and the quantification
limit was calculated as ten times the SD.

3. Results and Discussion
3.1. ICP-OES optimization

ICP-OES optimization, including plasma flow rate,
nebulizer pressure, pump speed, and other operational
standards, needs to be done before measurement, as
shown in Table 2. This equipment’s optimum conditions
were also used to determine the optimum wavelength,
which was the wavelength that gave the optimum
emission intensity and was not disturbed by the intensity
of other elements [24].

The results of wavelength selection can be seen in
Table 3. Based on Table 3, it can be seen that the
wavelength for each metal is different. The maximum
wavelength indicates each metal’s optimum emission
intensity resulting from emitting electrons of the excited
metal element to a higher energy level and returning to
the ground level by emitting each metallic element’s
emission characteristic. This causes ICP to have high
selectivity and less spectral disturbances like AAS [2].
Botes [25] stated that the ICP instrument could
differentiate each element’s wavelength up to 0.1 nm.



Table 2. ICP-OES operating conditions
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Table 3. Wavelength selection

Instrument condition Optimum conditions Element Wavelength (nm)
Power (kW) 1.20 Ni 231.604
Plasma flow (L/minutes) 15.0 Cu 327.395
Auxiliary Flow 1.50 Mn 257.610
Nebulizer Pressure (kPa) 200 cd 214.439
Viewing Height (mm) 8 Co 238.892
Replicate Read Time (s) 5 Cr 267.716
Sample Uptake delay (s) 25 3.2. Linearity
Instrument Stabilization 15 ) ) . . .
delay (s) Linearity describes the analytical method’s ability to
Pump rate (rpm) 1 provide a proportional response to analytes’
. . concentration in the sample. Linearity is determined from
Rinse Time (s) 30 the correlation coefficient’s value on the regression curve
View Radial View measured by the standard solution. Correlation
Detector Solid-State Detector coefficient values for verification of analytical methods
(CCD Camera) are determined for each metal so that each metal has a
Nebulizer V-groove Nebulizer calibration curve. Good linearity will give a correlation
Spray Chamber Sturman-Master Spray coefficient value close to number 1—the US.EPA 200.7
chamber requires an acceptability value greater than 0.995 [23].
Torch Quartz Torch ICP-OES Metal-metal calibration curves (Cd, Cr, Cu, Ni, Co, Mn)
Radial can be seen in Figure 2. Figure 2 shows that the method’s
linearity is excellent, with a correlation coefficient of
more than 0.995, which means it meets the USEPA 200.7
acceptance value requirements.
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Figure 2. Calibration curves for each metal: a) Cd, b) Cr, c) Cu, d) Ni, e) Co, f) Mn

Table 4. Equations and correlation coefficient values for
metals Cd, Cr, Cu, Ni, Co, and Mn

No Metal Correlation Correlation
coefficient equation coefficient
1 cd y = 358.25% + 6.1613 0.9999
2 Cr  y=1777.6x+27.973 0.9987
3 Cu V = 2747.6X + 6.8433 0.9992
4 Ni VY =160.24X + 4.5297 0.9998
5 Co V= 330.29% + 0.9997
3.9796
6 Mn y =16186X + 227.69 1.0000

3.3. Accuracy

Accuracy is expressed as the percentage of recovery
(%recovery) of the standard solution added to the sample
matrix. The %recovery value is obtained from comparing
the difference in the analyte concentration in the sample
after and before being spiked with the standard
concentration spiked into the sample as in the previous
equation 1. According to the AOAC Official Methods of
Analysis (2012) Appendix F, the maximum range value of
%recovery for analyte levels of 1 mg/L is 80-110% [26].
The accuracy of the verification results of this method can
be seen in Table 5.

Table 5 shows that this method shows the percentage
of recovery in the range of 87.10% to 94.93%, which
means that the% recovery method for the target metal
meets the acceptance requirements. The% Recovery value
obtained is then carried out by the t-test with the
following formula:

—9
1-%recovery

tcalc -

(4)

SDrecovery

If tea <travle, then the measurement result does not
need to be corrected with the %Recovery value obtained,
and vice versa. The calculation results show that the value
of tea < tuble, at the level of P = 0.05, so that the
measurement results do not need to be corrected.

Table 5. Percentage of recovery values for Cd, Cr, Cu, Ni,
Co, and Mn metals

Metals C2 C1 C3  Recovery Average
(mg/L) (mg/L) (mg/L) (%) Recovery
(%)
Cd 0.636 1506 1.00 87.09 87.10
0.616 1.531 1.00 91.52
0.643 1479  1.00 83.63
0.660 1546  1.00 88.57
0.642 1.491 1.00 84.85
0.614 1.458  1.00 84.41
0.659 1.555  1.00 89.61
Cr 0.349 1165 1.00 81.63 87.72
0.352 1186 1.00 83.44
0356 1.226  1.00 86.96
0.333 1205 1.00 87.10
0.369 1.291 1.00 92.16
0.348 1292  1.00 94.43
0.355 1239  1.00 88.35
Cu 0.416 1324 100 90.82 88.81
0.396 1.226  1.00 82.95
0.402 1334 100 93.18
0.395 1321 1.00 92.67
0.426 1.321 1.00 89.47
0.407 1264  1.00 85.71
0.421 1290 1.00 86.89
Ni 0.207 1.063 1.00 85.54 91.68
0.206 1110 1.00 90.39
0.208 1118 1.00 91.02
0.222 1230 1.00 100.77
0.205 1194  1.00 98.96
0.200 1.069 1.00 86.92
0.205 1.086 1.00 88.13
Co 0.251 1280 1.00 102.94 87.92
0.259 1.075 1.00 81.58
0.241 1042  1.00 80.14
0.266 1137 1.00 87.16
0.248 1.090 1.00 84.20
0.243 1063  1.00 81.95
0.268 1.242  1.00 97.45
Mn 1.041 1972 100 93.17 94.93
0.991 1829  1.00 83.82
1.051  2.011 1.00 96.00
1.016 2.072  1.00 105.62
1.068 2109 1.00 104.13
0.989 1892  1.00 90.32
1.053 1967 1.00 91.42
3.4. Precision
Precision indicates the closeness of the

measurement results from multiple repetitions in a
homogeneous sample. One of the techniques used to
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determine the value of precision is repeatability. This
technique is done by performing several repeated
measurements of one sample on the same day, analyst
and conditions. The acceptance test for the precision
value in this method compares the percentage of the
standard (% RSD) with 2/3 CV Horwitz.

The precision of the verification of this method is
presented in Table 6. Table 6 shows that the% RSD for all
metals is less than 2/3 CV Horwitz, indicating that this
method meets the acceptability requirements for
precision.

Table 6. Value of method precision for Cd, Cr, Cu, Ni, Co,
and Mn metals

No metals % RSD 2/ CV Horwitz
1 cd 3.196 9.000
2 Cr 3.582 8.847
3 Cu 3.629 8.831
4 Ni 3.410 8.912
5 Co 3.145 8.719
6 Mn 4.345 8.593

3.5. Detection Limit of the Method

The detection limit (LoD) and the limit of
quantification (LoQ) were determined using a sample
with a small concentration measured six times. Next, the
standard deviation (SD) of the measurement results is
calculated. The detection limit is calculated as three times
the SD, and the quantification limit is calculated as ten
times the SD. The LoD and LoQ_values for the method are
presented in Table 7.

Table 7. The LoD and LoQ values of this method for Cd,
Cr, Cu, Ni, Co, and Mn

No Metals LoD (mg/L) LoQ(mg/L)
1 cd 0.008 0.026
2 Cr 0.005 0.017
3 Cu 0.007 0.022
4 Ni 0.020 0.065
5 Co 0.050 0.167
6 Mn 0.002 0.006

The results obtained from Cd, Cr, Cu, Ni, Co, and Mn
metals show that the method detection limits of all types
of metals analyzed are below the metal quality standard
in surface water, referring to Government Regulation No.
82 of 2001 concerning Water Quality Management. and
Water Pollution Control [27]. This shows the acceptability
of MDL in these metals to be used for monitoring metals
in waters.

3.6. Determination of Metal Content in River Water in
Bandar Lampung City

The city of Bandar Lampung is flowed by 23 small
rivers and two large rivers: the Way Kuala River and the
Way Kahuripan River. In this study, the levels of heavy
metals in river water were carried out in several places,
namely the Palang Besi river (A1), the Way Balau
Kedamaian (B1) river, the Way Balau Kedaton river (C1),

and the Way Kuala river (D1). Locations A1, B1, and C1 are
the upstream part of the tributary locations, which then
join the Way Kuala River (D1). The results of monitoring
metal content with a verified method can be seen in Table
8. These results indicate that the metals Cd, Cr, Cu, Co,
and Ni are still below LoD. This also shows that heavy
metals are still below the metal quality standard in
surface water according to Government Regulation No. 82
of 2001 concerning Water Quality Management and Water
Pollution Control, while Mn has been detected above LoD
and LoQ. The distribution of Mn metal can be seen in
Figure 3. Location B1, namely the Way Balau Kedamaian
river, shows the highest concentration and is slightly
above the government’s quality standard.

Table 8. Results of river water analysis using verified

methods
Sample codes Metals inléit:\ilty Regression equation Met(iig?g)t ent
A1 cd 4.367 y =879.18x + 6.0722 n.d.
B1 3.659 n.d.
& 5.787 n.d.
D1 5.054 n.d.
E1 3.535 n.d.
F1 4.879 n.d.
G1 5.485 n.d.
A1 Cr 23.707 V =2930.2X + 14.447 n.d.
B1 28.980 n.d.
C1 12.626 n.d.
D1 20.198 n.d.
E1 23.409 n.d
F1 26.690 n.d.
G1 12.173 n.d.
A1 Cu 20.408 y =3058.1x + 21.713 n.d.
B1 18.143 n.d.
C1 10.969 n.d.
D1 9.739 n.d.
E1 31.558 n.d.
F1 17.778 n.d.
G1 14.683 n.d.
A1 Ni 6.569 y=366.93x + 7.9223 n.d.
B1 5.704 n.d.
C1 8.573 n.d.
D1 12.017 n.d.
E1 12.883 n.d.
F1 8.416 n.d.
G1 12.840 n.d.
A1 Co 7.278 y = 821.83x + 8.3253 n.d.
B1 7.107 n.d.
C1 7.683 n.d.
D1 10.346 n.d.
E1 9.234 n.d.
F1 5.892 n.d.
G1 8.638 n.d.
A1l Mn 490.889  y=17808x + 32.867 0.026
B1 17999.900 1.009
C1 707.277 0.038
D1 1286.030 0.070
E1 5567.860 0.311
F1 2590.100 0.144
G1 3090.990 0.172

Note: n.d. = not detected
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Figure 3. Dissolved Mn content

Other sampling locations are the Sumur Batu
Kahuripan river (E1), the Sumur Putri river (F1), and the
Muara Kahuripan river (Gi1). The E1 and F1i rivers’
locations are part of the tributaries in the upstream and
middle of the city from the Kahuripan River. As in the Way
Balau River’s sampling location, in the Way Kuripan river,
the concentration of Cd, Cr, Cu, Ni, and Co was still below
the LoD and LoQ methods, but Mn was above LoD and LoQ_
with the highest levels at location E1.

Based on the results obtained, it can be concluded
that the metal content of Cd, Cr, Cu, Co, and Ni in the
tributaries of the Way Balau and Way Kahuripan rivers is
still below the established quality standards. Only Mn was
detected in the two river flows, which could be related to
the accumulation from excavating the hills for
reclamation in the watercourse’s vicinity. Periodic
monitoring needs to be carried out so that the quality of
river waters and their sustainable function are
maintained because of the increasing activity and
increasing population in Bandar Lampung. Metals also
have bioaccumulative abilities, so that monitoring also
needs to be done on bioindicators and sediments in the
river.

Apart from metal content, pH and dissolved oxygen
(DO) values in river water in Bandar Lampung City were
also observed. The pH value ranges from 7.3 to 7.7, which
means that it still meets the water criteria with good
quality because the pH range for class I water is 6-9. The
minimum DO value for class I water is six. In contrast, in
Bandar Lampung City, river water has an average DO
value below ¢ for all samples, indicating that the surface
water has been polluted by organic matter.

4. Conclusion

Verification of the analysis method for Cd, Cr, Cu, Ni,
Co, and Mn in surface water using ICP-OES shows that the
US.EPA.200.7 method is verified for its purpose. The
method verification results show that the test parameters
for linearity, precision, accuracy, detection limit (LoD),
and limit of quantification (LoQ) meet the method
acceptability limits. This method is applied to analyze
metals in surface water from several places, namely water
from the Palang Besi river (A1), the Way Balau Kedamaian
river (B1), the Way Balau Kedaton river (C1), the Way
Kuala river (D1), the Batu Kahuripan river Sumur. (E1),
Sumur Putri river (F1), and Muara Kahuripan river (G1).

Cd, Cr, Cu, and Co concentrations in the river water
samples were still below the government’s quality
standard. However, Mn metal was detected at all
sampling locations, and one location showed slightly
above the established quality standard.
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