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ABSTRACT

A method for the determination of arsenic in palm 
glycerin using a graphite furnace atomic absorption 
spectrometer (AAS) was developed. Samples were 
dissolved in distilled water and injected directly 
into the graphite furnace AAS fitted with an arsenic 
electrode-less discharge lamp. The AAS furnace 
temperatures were set at 120oC, 800oC and 2400oC 
for drying, charring and atomization, respectively, 
and at 2500oC for cleaning the tube before the next 
injection.  Calibration was performed using arsenic 
standards in distilled water. A matrix modifier, that 
is a mixture of palladium nitrate and magnesium 
nitrate in water, had to be added to the standard or 
sample. The correlation coefficient for the arsenic 
standards at 3, 6, 9, 15 and 20 ng ml-1 was 0.9994. 
One gram of sample was dissolved in 10 ml distilled 
water for determination of arsenic. The recoveries at 
0.01 ppm to 5.0 ppm arsenic in glycerin were in the 
range of 72.5% to 98.6%.  This method can be an 
alternative method for the determination of arsenic 
in glycerin.

ABSTRAK

Kaedah bagi penentuan arsenik dalam gliserin sa-
wit menggunakan relau grafit (AAS) telah diban-
gunkan. Sampel dilarutkan dalam air suling dan 
disuntik terus ke dalam AAS yang dipadankan 
dengan lampu pembebasan arsenik tanpa elektrod. 
Suhu AAS ditetapkan pada 120°C, 800°C dan 
2400°C masing-masing untuk pengeringan, pem-
bakaran sehingga hangus, pengatoman dan pada 
suhu 2500°C untuk tujuan pembersihan tiub sebe-
lum suntikan yang seterusnya. Menentukur dibuat 
dengan menggunakan larutan piawai arsenik dalam 
air suling. Matrik ubah suai, yang merupakan cam-
puran antara paladium nitrat dan magnesium ni-
trat dalam air ditambahkan ke dalam larutan pia-
wai atau sampel. Korelasi secara pekali bagi larutan 
piawai arsenik pada 3, 6, 9, 15 dan 20 ng ml-1 ialah 
0.9994. Satu gram sampel dilarutkan dalam 10 ml 
air suling bagi penentuan arsenik. Perolehan kem-

bali arsenik dalam gliserin pada 0.01 bpj hingga 5.0 
bpj adalah antara 72.5% hingga 98.6%. Kaedah ini 
boleh dijadikan sebagai kaedah alternatif bagi penen-
tuan arsenik dalam gliserin.

Keywords: arsenic, graphite furnace AAS, glyc-
erin.

InTRoDUCTIon

The level of heavy metals such as arsenic in palm 
glycerin has to be monitored due to their toxicity. 
It has been reported that drinking of water contain-
ing arsenic above its permissible limit over a long 
period could result in various health effects such as 
skin problems, skin cancer, cancers of the bladder, 
kidney and lung, and diseases of the blood vessels. 

Malaysia exported 246 321 t of palm glycerin in 
2007, valued at RM 575.7 million. It was an increase 
by 13.7% compared to the export in 2006 which was 
216 529 t, valued at RM 481.5 (MPOB, 2008).

Glycerin is widely used in food and cosmetic 
products. The Food Chemical Codex (FCC) and 
Cosmetic, Toiletry and Fragrance Association 
(CTFA) specify the maximum permissible limit of 
arsenic in glycerin at 3 mg kg-1, while the United 
States Phamacopoeia (USP) sets it at 1.5 mg kg-1 
(Underwood, 1991).

With respect to glycerin, oxides of arsenic 
are fairly soluble in triol where they could form 
glyceryl arsenite. Arsenic contamination in glycerin 
could take place during the neutralization of 
crude glycerin with a low grade hydrochloric acid 
that may contain arsenic. The glycerin could be 
contaminated with the volatile arsenic during the 
distillation process.

In view of the toxicity of arsenic, its content in 
glycerin needs to be monitored. The official methods 
for detecting arsenic in glycerin are ISO 2590: 
General Method for the Determination of Arsenic – 
Silver Diethyldithiocarbamate Photometric Method 
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(ISO, 1973), or ISO 2465: Glycerols for Industrial 
Use – Determination of Arsenic Content – Silver 
Diethyldithiocarbamate Photometric Method 
(ISO, 1974). The limit of determination in these 
two methods is 0.1 mg kg-1 sample. Wet chemical 
treatments are employed and the presence of arsenic 
is determined by a UV-VIS spectrophotometer 
measured at a wavelength of 540 nm. In order to 
increase the speed of analysis, there is a need to 
simplify these ISO methods.

MATERIALS AnD METHoDS

Reference Chemicals

Arsenic in water (1000 µg ml-1) was purchased 
from Merck (Darmstadt, Germany). The arsenic 
working standards used for the calibration and re-
covery study were prepared by diluting this stand-
ard in distilled water accordingly.

Matrix Modifiers

Magnesium nitrate (10 000 mg litre-1) and palla-
dium nitrate (10 000 mg litre-1) were purchased from 
Perkin-Elmer (Norwalk, CT). These matrix modifi-
ers were diluted in distilled water accordingly. 

Calibration

A 100 µg ml-1 standard solution was prepared 
by diluting 1 ml the 1000 mg ml-1 arsenic solution 
in a 10-ml volumetric flask and made up to volume 
with distilled water. The aliquot was further diluted 
to obtain a solution containing 20 ng ml-1 arsenic. 
Then 1.5 ml, 3.0 ml, 4.5 ml or 7.5 ml of this 20 ng ml-1 
solution was pipetted into a 10-ml volumetric flask 
and diluted to 10 ml with distilled water to produce 
working standard solutions of 3, 6, 9, 15 and 20 ng 
ml-1 in distilled water. Subsequently 20 ml of each 
working standards were injected into the AAS, and 
the calibration graph was obtained by plotting the 
concentrations of the working standards against 
their absorbances.  The blank was distilled water.

Glycerin Spiked with Arsenic

A recovery study was carried out on spiked 
samples.  One gram of glycerin was accurately 
weighed into a 10-ml volumetric flask. A 1 µg ml-1 

arsenic solution was prepared by diluting 1.0 ml of 
the 10 µg ml-1 arsenic solution in a 10-ml volumetric 
flask with distilled water. Then 10, 20, 50, 100, 200, 
300, 500, 1000, 2000, 3000, 4000 or 5000 ml of the 1 µg 
ml-1 arsenic solution was added to the sample and 
diluted to 10 ml with distilled water. These spiked 
solutions contained 0.01, 0.02, 0.05, 0.1, 0.2, 0.3, 0.5, 
1.0, 2.0, 3.0, 4.0 or 5.0 µg g-1 arsenic. Then 20 ml of 
each of these solutions were injected into the graph-

ite furnace AAS. Calibrations of arsenic in 2% nitric 
acid and in 10% glycerin in water were also carried 
out for comparison purposes.

Atomic Absorption Spectrometer (AAS) 

The spectrometer (Model AAnalyst 600, Per-
kin-Elmer, Shelton, U.S.A), was equipped with a 
Zeeman background corrector and an AS 800 auto 
sampler. An arsenic electrode-less discharge lamp 
(EDL) and THGA graphite tubes were used. The in-
strument system was controlled by the Atomic Ab-
sorption Winlab 32 software. The furnace tempera-
ture was initially set at 120oC for 1 s, and held for 30 
s for drying the sample, then programmed to 800oC 
in 10 s, and held for 30 s for charring. The atomiza-
tion temperature was set at 2400oC in 3 s, and held 
for 3 s, and finally set at 2500oC for cleaning the tube 
before the next injection. Argon was used through-
out the furnace programme. The temperature pro-
grammes of the spectrometer are summarized in 
Table 1, and they were used for both the calibration 
and determination of arsenic in glycerin. 

RESULTS AnD DISCUSSIon

A common problem associated with the analysis of 
arsenic in glycerin by direct injection into an AAS 
is the formation of fumes that affect the accuracy 
of the result as the fumes lowers the absorbance of 
arsenic.  More fumes were produced if the charring 
step was set at below 800oC.  However, there were 
less fumes if the sample was pyrolysed directly 
at 800oC after it was dried. The matrix modifier, a 
mixture of palladium nitrate and magnesium ni-
trate, had to be added to the standard and the sam-
ple, otherwise the absorbance was too low for the 
quantification of arsenic.  The matrix modifier fa-
cilitates the separation of the matrix by thermal sta-
bilization of the analyte element (arsenic). During 
the atomization step, the matrix modifier increases 
the temperature of the volatile element such as ar-
senic by several hundred degrees, thus increasing 
its absorbance. However, as expected the back-
ground signal increased with a higher amount of 
the matrix modifier used. The optimum amount 
of the matrix modifier was a mixture of 0.003 mg 
magnesium nitrate and 0.005 mg palladium.  

Using the prepared arsenic standards and blank, 
the calibration curve was obtained by plotting the 
arsenic concentration against the absorbance.   

The calibration graph was linear from 3 ppb to 
20 ppb arsenic in distilled water with a correlation 
coefficient (R2) of 0.9994 (Figure 1).   The calibrations 
of arsenic in 2% nitric acid and in 10% glycerin in 
water were also satisfactory with R2 of 0.9982 and 
0.9995, respectively. If these three calibration graphs 



3

Determination of Arsenic in Palm Glycerin Using a Graphite Furnace Atomic Absorption Spectrometer

TABLE 1.  PROGRAMMES FOR THE GRAPHITE FURNACE ATOMIZER

Step Temperature
(oC )

Ramp time 
(s)

Hold time
(s)

Internal flow 
(ml min-1)

Gas type Read

1 100 1 30 250 Normal -

2 800 10 30 250 Normal -

3 2 400 3 3 50 Normal  X

4 2 500 3 3 250 Normal -

Note:  X: data was collected at this step.

Figure 1.  Calibration of arsenic in distilled water.

TABLE 2.  RECOvERy OF ARSENIC IN 
PALM GLyCERIN

Arsenic 
concentration in 
glycerin (ppm)

Recovery (%)a

Mean Coefficient of variation

0.01 75.4 6.3

0.02 72.5 4.7

0.05 79.4 5.3

0.10 90.7 1.2

0.20 92.6 5.4

0.30 96.3 3.8

0.50 97.3 0.6

1.0 98.6 4.6

2.0 98.2 3.2

3.0 96.7 3.4

4.0 91.8 1.2

5.0 90.6 1.1

Note: aThe results are reported as means of triplicates.

were used for the determination of recovered ar-
senic at 0.1 ppm in glycerin, it was found that their 
percent recoveries were similar with 1.1% standard 
deviation.  

Based on the above results and for the simplic-
ity in the analysis, the arsenic standard and glyc-
erin sample were dissolved in distilled water. The 
recoveries at 0.01 ppm to 5.0 ppm of arsenic in glyc-
erin were satisfactory, ranging from 72.5% to 98.6% 
(Table 2), indicating that this method is effective in 
detecting arsenic in glycerin. 

Due to its relative simplicity, this method can 
serve as an alternative to the current ISO method 
for the determination of arsenic in glycerin as it 
does not require sample pretreatment.
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