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Improvement of Analytical Methods for the Specification
of Copper Sulfate in Fortifying Nutrient
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ABSTRACT This study aimed to improve and validate the specification analysis method for copper sulfate, a fortifying
nutrient used in food additives in South Korea. The existing method prescribed by the Korean Food Additives Code
lacks clear conditions and procedures for saturating hydrogen sulfide to detect alkali and alkaline earth metals. A
simple hydrogen sulfide generation device was developed to address these limitations, and the optimal reaction parame-
ters were established, including diluted hydrochloric acid-to-ferrous sulfide ratios and reaction times. Under the opti-
mized conditions, three replicate experiments were conducted, resulting in a residual weight of 3.20+0.30 mg, which
satisfied the Korean Food Additives Code requirement of less than 4 mg and the Certificate of Analysis (CoA) specifica-
tion of less than 0.03%. In addition, intra-day and inter-day analyses were performed to verify the reproducibility
and optimization of the proposed method, yielding values of 3.04+0.28 mg and 2.78+0.51 mg, respectively. These
findings confirmed the validity of the optimized method. This study is expected to enhance the safety of experimenters
working with toxic gases and the general applicability of the analysis by providing clear conditions and procedures
for generating hydrogen sulfide in detecting alkali and alkaline earth metals during the purity analysis of copper sulfate.
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Table 1. Specification analysis of copper sulfate
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Ministry of Food and Drug Safety

specification Results

Quantitative analysis (%)

98.5~104.5 98.92+0.1

Solution

Free acid
Purity analysis

Arsenic (ppm)
Lead (ppm)
Alkali and alkaline earth metals (mg)

Almost clear Almost clear

Green o ‘-:-f
Green
<4.0 NDY
<10.0 ND
<4.0 3.20+0.30

UND: not detected.
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Fig. 1. Schematic diagram of hydrogen sulfide generation appa-
ratus. In the left flask, hydrogen sulfide (H,S) gas is generated
through the reaction between iron sulfide (FeS) and dilute hy-
drochloric acid (HCI). The dilute HCI is introduced via a valve
that allows precise control of both the flow rate and volume,
while also preventing backflow of the generated gas. The result-
ing H,S gas is delivered through a sealed pathway into a copper
sulfate (CuSO,) solution contained in the right flask, which is
immersed in a water bath to maintain a constant temperature.
This apparatus is designed to ensure experimental reproduci-
bility and accuracy.
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Table 2. Alkali and alkaline earth metals content according to the ratio of iron sulfide and diluted hydrogen chloride

Ministry of Food and
Drug Safety
specification (mg)

Reaction ratio of iron sulfide
to diluted HCI (w/v%)

(mean+SD, mg)

Relative standard
deviation (%)

Residue Solution

1:10 Intra-day" 730.38+225.03 30.81
1:20 Intra-day 699.86+80.96 11.57
<4.0 1:30 Intra-day 364.09455.22 15.17 a
¥
4
1:40 Intra-day 69.33+23.84 34.38 ‘ i
Intra-day 3.04+0.28 9.21
1:50 é N
Inter-day” 2.78+0.51 18.35

“‘“"!

Intra-day: repeated measurements three times within the same day to assess precision; the result is expressed as the average of

the three measurements.

JInter-day: measurements performed once per day over three consecutive days to evaluate reproducibility; the result is expressed

as the average across the three days.
ALl 2

B = 20243% MFDSE oA70n] (2419273 E ot
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