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Abstract—This article presents a novel metrological calibration method for trace chromium(VI) analyzer.
The study identifies all factors that affect the accuracy of chromium(VI) analyzers, and proposes calibration
items and method for the analyzer based on its working principle. The calibration items include pump set
flow error and pump flow stability, set temperature error and temperature control stability of column oven,
baseline noise and drift, minimum detection concentration, linear range, and qualitative and quantitative
repeatability. Experimental results shows that, the presented method can meet the requirements for the
metrological performance evaluation of chromium(VI) analyzer. The calibration method is scientific and

feasible.

1. Introduction

Chromium mainly exists in three forms in nature:
metallic chromium, chromium(IIl), and chromium(VTI).
Chromium(VI) combines with oxyacid, and is widely
used in chemical production, metallurgy, electroplating,
leather and textile industry, and other fields.
Chromium(VI) can enter human body through skin,
mucous membrane, respiratory system, etc. causing
toxicity and carcinogenicity to multiple organs, including
reproductive system, skeletal system, liver, and kidney,
The International Cancer Research Structure of the
World Health Organization explicitly lists chromium(VI)
as a primary carcinogen. Therefore, China has
promulgated standard limits and monitoring methods for
chromium(VI) in surface water, groundwater, solid waste,
food, electronic and electrical products, and other
samples. The concentration of chromium(VI) in waste
water should be no higher than 0.5 mg/L, and the
concentration of chromium(VI) in ambient air should be
no higher than 0.00025 mg/m?. (-4

Currently, there are many methods for the
measurement of chromium(VI), including 1, 5-
diphenylcarbazide  photometric ~methodP!,  atomic
absorption spectrophotometry,
chromatographInductively = coupled plasma  mass
spectrometry, ion chromatography with post-column
method, etc. Ion chromatography with post-column
method is widely recognized as the standard method for
the measurement of chromium(VI) in international or
national standards, such as ISO 17075-2-2017 Leather -
Chemical determination of chromium(VI) content in
leather - Part 2: Chromatographic method '©, SN/T
2210-2021 Determination of hexavalent chromium in
foods for export ", and HJ 779-2015 Ambient Air -
Determination of hexavalent chromium (VI) - Ion
Chromatography with post - column method '8,

Ultra-trace chromium(VI) analyzer is a specialized
instrument for measuring chromium(VI) in samples. The
sample is separated by chromatography and mixed with a
derivative reagent (1, S5-diphenylcarbazide). Using the
strong oxidizing property of chromate, 1, 5-
diphenylcarbazide is oxidized in an acidic environment
and complexed to form a purplish red complex, whose
absorbance can be measured at 540 nm by ultra-trace
chromium(VI) analyzer. Ultra-trace chromium(VI)
analyzer mainly consists of infusion system, sample
injection system, separation system, detection system,
and data processing system. Currently, there are no
calibration specifications or verification regulations for
ultra-trace chromium(VI) analyzer in China. This article
discusses the calibration method of ultra-trace
chromium(VI) analyzer based on the working principle
of the analyzer, referring to JJIG 705-2014 Liquid
Chromatographs ! and JJG  823-2014 Ion
Chromatographs 1",

2. Calibration standards

2.1. Reference material

The reference material of chromium(VI) in water is used
for calibration of minimum detection concentration,
linear range, and qualitative and quantitative
repeatability, and the relative expanded uncertainty of the
reference material should not be greater than 0.2% (k=2).

2.2. Standard devices

Analytical balance with maximum weighing capacity of
no less than 100 g, and definition of better than 1 mg, as
well as stopwatch with definition of better than 0.1 s are
used together to calibrated the pump flow set value error
and pump flow stability. Pipet and volumetric flask of
Class A are used to prepare standard solutions.

2755245093@qq.com, *38634546@qq.com, °718589156@qq.com, 755245093@qq.com, °1020875858@qq.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (https://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 385, 02020 (2023)
ISESCE 2023

https://doi.org/10.1051/e3sconf/202338502020

3. Calibration method and experimental
verification

3.1. Calibration of infusion system

3.1.1. Pressure resistance performance of the
pump

Connect all parts of the ultra-trace chromium(VI)
analyzer, use pure water as the mobile phase, and set the
flow rate at 1 mL/min. Start the instrument according to
instruction manual. Use filter paper to check if there is
leakage at each pipeline interface after the pressure is
stable for 10 minutes. Remove the chromatographic
column, block the pump outlet (below the pressure
sensor), make the pressure reach 90% of the maximum
allowable value of the analyzer, and maintain the status
for 5 minutes to see if there is leakage.

3.1.2. Pump set flow error and pump flow
stability

Start the ultra-trace chromium(VI) analyzer, use pure
water as the mobile phase, and set the flow to 0.5
mL/min, 1.0 mL/min, and 2.0 mL/min in turn after the
pressure is stabilized. Collect the mobile phase at the
outlet of the separation column using volumetric flask

whose weigh W, is already know. The time of collecting

the mobile phase 7 is 20 min, 10 min, and 5 min
respectively, at every set flow. Weigh the flask with
mobile phase in it on the balance, and record the

indication of the balance W,. The measured flow £, is
calculated according to equation (1).
F, =0, =Wt M

Where /¢, is density of mobile phase under

experimental temperature.

The pump set flow error Ss is calculated according

to equation (2).
Sy =(F, —Fy)/Fyx100% )

Where Fm is the average of /£, at the same set

flow, and F/ is the set flow.

The pump flow stability S is calculated according

to equation (3),
S,=(F,. —F.)/F,x100% 3)

Where FmaX is the maximum of all measured value

ax

of flow under each set flow, while F . is the minimum.

min
The experimental results of pump set flow error and
pump flow stability of a typical type of ultra-trace

chromium(VI) analyzer is demonstrated in Table 1.

Table 1 Experimental results of pump set flow error and pump flow stability

Parameter Value of parameter
F,  (mlmin) 050 10 20
t (min) 20 20 5
w2 123562 422041 720532 22308 521619  &0097 322565 621113 919565
w, (@ 20308 521619 820097 322565 621113 919565 422041 720532 1019011
W, -w, @ 99524 99578 99565 9M79  9MM  9%68 9476 99419 99446
F,, (mlimin) 0498 04988 04987 09965  099%7 09965 19931 19920 19925
F_ (mlinin)) 04987 09966 19925
5, (%0) 026% 034% 037%
5, (%) 005% 003% 006%

As we can see from Table 1, the maximum pump set
flow error is -0.37%, and the maximum pump flow
stability is 0.06%, both of which meet the requirements
of JJG 705-2014 Liquid Chromatographs and JJG 823-
2014 Ion Chromatographs.

3.2. Set temperature error and temperature
control stability of column oven

Fix the probe of the digital thermometer as close as
possible to the temperature sensor of the column oven or
constant temperature block, set the calibration

temperature T, start the calibrated analyzer, record the

indication of the thermometer every 10 minutes for 7
times after the temperature is stabilized. The set

T, .
temperature error of column oven S is calculated

according to equation (4).
AT, =T -T, )
Where I is the average of all 7 indications of the
thermometer.

. T,
The temperature control stability of column oven ~ €
is calculated according to equation (5).

TC:Tmax_Tmin (5)
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Where T

X

the thermometer, while 7 . is the minimum.

is the maximum of all 7 indications of

The experimental results of set temperature error and
temperature control stability of column oven of the
analyzer is demonstrated in Table 2.

Table 2 Experimental results of set temperature error and temperature control stability of column oven

Parameter Value of parameter
Ts oy 20.0
Measured temperature (°C) 19.8 19.9 19.8 19.8 19.9 19.8 19.8
T (°C) 19.8
ATS (oc) -0.2
TC (°C) 0.1
Ts oy 40.0
Measured temperature (°C) 39.8 39.7 39.8 39.8 39.8 39.7 39.8
T (°C) 39.8
ATS (OC) -0.2
TC (°C) 0.1

As we can see from Table 2, the maximum set
and the maximum
temperature control stability of column is 0.1 °C, both of
which meet the requirements of JIG 705-2014 Liquid
Chromatographs and JJG 823-2014 lon Chromatographs.

temperature error is -0.2 °C,

3.3. Baseline noise and drift

Initialize and preheat the calibrated analyzer, monitor the
baseline after the analyzer stabilizes, and record the
baseline for 30 minutes. The baseline noise is the signal
of the peak height of the peak of maximum noise in the
30 min baseline, and the baseline drift is the maximum

signal of the baseline deviation from the starting point
within 30 min.

The experimental result of the analyzer is 0.02mAU,
and the baseline drift of the analyzer is 0.08mAU/30min,
both of which meet the requirements of JJG 705-2014
Liquid Chromatographs and JIG 823-2014 on
Chromatographs.

3.4. Minimum detection concentration

Analyze a chromium(VI) standard solution with the
concentration of 1.0 ng/mL, inject 100 uL of solution,
and the chromatogram is demonstrated in Fig. 1.

mAU = ;
10 23
Ss
g
8
6
= ta
=]
=R
)
e k2
[1=]
=
1.5 2 2.5 3 min
Time

Fig. 1 The chromatogram of chromium(VI) standard solution with the concentration of 1.0 ng/mL

The minimum detection concentration Cmin is
calculated according to equation (6).

c = 2H yexV

6
min 25H ( )

Where H ), is the peak value of the base line noise

peak, € is the concentration of the standard solution,
is the chromatographic peak height the standard solution,

and V' is the injection volume.
The experimental result of minimum detection
concentration of the calibrated analyzer is 0.03 ng/mL,
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which meets the requirement of the enterprise standards
of manufacturer.

3.5. Linear range

Inject chromium(VI) standard solution with the
concentration of 50 ng/mL, 100 ng/mL, 200 ng/mL, 300
ng/mL, 400 ng/mL, 500 ng/mL, 600 ng/mL, 700 ng/mL,
800 ng/mL, 900 ng/mL, and 1000 ng/mL in sequence,
and the injection amount is 100 pL. Record the response

signal value of each standard solution when it is stable.
Repeat the measurement three times at each
concentration point to get the average of measured values.
Establish a linear regression curve with the measurement
results of five concentrations (50ng/mL, 100ng/mL,
200ng/mL, 300ng/mL, and 400ng/mL).

The experimental result of standard curve of the
calibrated analyzer is demonstrated in Table 3.

Table 3 Experimental result of standard curve

Concentration (ng/mL)

Response signal value (mAU.s)

Linear regression curve

50 479.58

100 972.61

200 1886.83 y=8.9437x+69.869
300 2802.54

400 3598.63

We can derive equation (7) from the linear regression
curve equation demonstrated in Table 3.

1—69.869
x=r— )
8.9437

Where x is the theoretical concentration value of the
standard solution calculated by linear regression equation
(7), and y is the average of response signal values of the
standard solution.

Calculate the linearity error Ax according to
equation (8).

Ax =% %100% @®)
xS
Where Y is the standard concentration of the
solution.
The experimental result of linearity error is
demonstrated in Table 4.

Table 4 Experimental result of linear error

X; (ng/mL) Response signal value (mAU.s) x Ax (%)
500 4368.28 488.42 23
600 5385.76 602.18 0.36
700 6045.94 676.00 -3.4
800 6838.44 764.61 -4.4
900 7585.68 848.16 -5.8
1000 8161.72 912.57 -8.7

The upper detection limit Cy is at the minimum
concentration whose absolute value of linearity error is
more than 5%, and the lower detection limit Cp is the
minimum detection concentration obtained from 3.4. The
linear range is calculated according to equation (9).

)

Linear range = —-

L

As we can see from Table 4, the upper detection limit
of the calibrated analyzer is 900 ng/mL, and the
minimum detection concentration of the analyzer is
0.03ng/mL, therefore, the linear range of the analyzer is
3x10% which meets the requirement of JJG 705-2014
Liquid Chromatographs.

3.6. Qualitative and quantitative repeatability

Inject 200 pL of standard solution whose concentration is
10 ng/mL, repeat it 7 times, and record the retention time
and peak area. Calculate the qualitative and quantitative
repeatability RSD according to equation (10).

Z(‘xi _)_C)z

RSD ==X x100%

(10)

==

=

Where

and X is the average of retention time or peak area. The
experimental results of qualitative and quantitative
repeatability is demonstrated in Table 5.

i is the recorded retention time or peak area,

Table 5 Experimental results of qualitative and quantitative repeatability

1 2 3 4 5 6 7 Average  Repeatability
Refention ) ¢3c e3¢ 1835 1836 1837 1837 1838 1837 0.06
time (min)
Peak area
(mAU.s) 10132 10064 10211 10158 10304 10261 10186 10188 0.79
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As we can see from Table 5, the qualitative 10. Shi, N, J, et al. (2014) JIG 823 Ion
repeatability is 0.06%, and the quantitative repeatability Chromatographs. S. Standards Press of China,
is 0.79%, both of which meet the requirement of JIG Beijing.

705-2014 Liquid Chromatographs.

4. Conclusion

This article presents metrological calibration method for
trace chromium(VI) analyzer based on its working
principle. The experimental results show that the
calibration method is scientific and practical for
metrological performance evaluation of the analyzer, and
can be used for daily metrological calibration of it, which
can ensure its accuracy and consistency in daily use. This
study lays a foundation for the accurate calibration of
trace chromium(VI) analyzer. The follow-up study will
develop a set of reference materials of chromium(VI) in
water whose concentration is more accurately
determined, in order to improve the calibration accuracy
of the method.
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