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Determination of nickel in daphne tea extract 
and lake water samples by flame atomic absorption 
spectrophotometry with a zirconium‑coated T‑shaped 
slotted quartz tube‑atom trap and photochemical vapor 
generation sample introduction

Çağdaş Büyükpınar · Elif Yazıcı · Nevim San · 
Okan Tarık Komesli · Sezgin Bakırdere   

no detectable nickel in the samples. For this purpose, 
spiking experiments were carried out for the samples 
in order to evaluate the applicability and accuracy of 
the method. The percent recovery values calculated 
for the two samples spiked at three different concen-
trations ranged between 90 and 112%. To our best 
knowledge, this is the first study in literature where 
UV-PVG was combined with T-SQT-AT for the 
determination of nickel in daphne tea and lake water 
samples prior to FAAS determination.

Keywords  Nickel · Photochemical vapor 
generation · Quartz tube-atom trap · Atomic 
absorption spectrometry · Daphne tea

Introduction

Nickel is a transition metal on periodic table, and it is 
found in the ecosystem as the 24nd most abundant ele-
ment (Prueitt & Goodman, 2015). This element is used 
in various industrial applications with a rising demand. 
It is widely utilized in nickel–cadmium batteries, jew-
elry, ceramics, and dyes and used as a catalyst for cer-
tain reactions (Gad, 2014). Nickel has several com-
pounds having different health effects (Wallace, 1973). 
Thus, accurate determination of nickel in environ-
mental samples is crucial for the protection of public 
health. Nickel is vital for plants in the concentration 
range of 0.01–5 µg/g dry wt. Meanwhile, overexposure 
of nickel may become toxic to the plants as with other 
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Abstract  Nickel determination is important 
because of its use in many industrial areas and its 
negative effects on human health. In this study, an 
ultraviolet-based photochemical vapor generation 
(UV-PVG) setup was combined with a T-shaped 
zirconium-coated slotted quartz tube-atom trapping 
(T-SQT-AT) apparatus to boost the sensitivity of a 
flame atomic absorption spectrophotometer for nickel 
determination. Nickel was separated from the sample 
matrix by converting it into its volatile species prior  
to online preconcentration by trapping on the zirconium-
coated T-SQT inner surface. Analytical performance 
was maximized by optimizing all variable condi-
tions. The limit of detection (LOD) and limit of 
quantification (LOQ) were found as 10 and 33 µg/L, 
respectively. Daphne tea and lake water samples were 
analyzed under optimum conditions, and there was  
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heavy metals (Seregin & Kozhevnikova, 2006). For 
instance, tea drinks contaminated with nickel can be 
dangerous for human bodies. One study conducted by 
(Zhong et al., 2016) investigated different types of tea 
samples and nickel concentration were ranged between 
2.70 and 13.41  mg/kg (Zhong et  al., 2016). For this 
reason, daphne tea was selected in this study to investi-
gate for its nickel content.

Generally, metals are determined using instruments 
such as inductively coupled plasma-mass spectrometry 
(ICP-MS) (Kulomäki et  al., 2019), inductively cou-
pled plasma-optical emission spectrometry (ICP-OES) 
(Gondal et al., 2020), electrothermal atomic absorption 
spectrometry (ETAAS) (López-García et  al., 2017), 
flame atomic absorption spectrometry (FAAS) (Reclo 
et  al., 2017), and atomic fluorescence spectrometry 
(AFS) (de Santana et al., 2016). FAAS has been widely 
employed in the determination of metals, using acety-
lene/air flame as atomizer (Soylak & Koksal, 2019). 
Despite the fact that it is a simple and rapid system, 
it is insufficient for trace level determinations relative 
to the more advanced instruments such as ICP-MS 
and ICP-OES (López-García & Hernández-Córdoba, 
2015). FAAS systems have very low sample introduc-
tion efficiencies of about 5% (Welz & Sperling, 1998), 
but their low hardware and operation costs make them 
suitable for routine laboratory analyses (Fernández 
et al., 2019). Thus, FAAS systems have been combined 
with several systems such as online slotted quartz tube 
(SQT), slotted quartz tube-atom trapping (SQT-AT) 
(Ataman, 2008), hydride generation (HG) (Asiabi 
et  al., 2016), photochemical vapor generation (PVG) 
(Mollo & Knochen, 2020), and offline preconcentra-
tion methods (various microextraction methods) (Iraji 
et  al., 2012; Reclo et  al., 2017; Seidi & Alavi, 2019; 
Sixto et  al., 2019) to enhance their detection power. 
Moreover, the PVG when combined with the AAS sys-
tem can increase the analyte’s signal-to-noise ratio (He 
et al., 2007). PVG systems are composed of a photo-
reactor, gas-liquid separator, and peristaltic pump (De 
Jesus et al., 2016). This system is based on the forma-
tion of radicals by irradiating organic acids having low 
molecular weight such as formic, acetic, and propionic 
acids with UV radiation. The radicals formed, in turn, 
attack analytes to form their volatile species (Giersz 
et al., 2017). PVG is a trending new approach among 
the chemical vapor generation methods such as hydride 
generation. Unlike HG, no toxic and expensive chemi-
cals such as sodium borohydride are used in PVG, and 

it can be applied to several of the transition elements 
(Sturgeon, 2017).

In the literature, there are several studies for the 
determination of nickel by PVG. For example, PVG 
was combined with GF-AAS. Volatile species of 
nickel were trapped on the inner surface of the graph-
ite tube after the formation of volatile species with for-
mic acid under the UV irradiation (Zheng et al. 2009). 
In another study, PVG was integrated with ICP-MS to 
determine nickel. Nickel determination was acquired 
in alcoholic beverage, and the LOD value was pre-
sented as 0.1 µg/L (de Quadros & Borges, 2014).

The SQT was introduced by Watling as a means to 
enhance detection power of FAAS (Watling, 1977). Tubes 
produced from silica, graphite, stainless steel, and quartz 
are widely used in the literature (Matusiewicz, 1997). 
SQT is utilized based on two principles to enhance the 
sensitivity of FAAS systems. It can prolong the retention 
period of atoms in the light path of a hollow cathode lamp 
to increase atomic absorbance (Watling, 1978). It can also 
be used as an atom trapping surface for online preconcen-
tration purposes. After the adsorption/trapping of metals 
atoms for an optimum period, they are re-volatilized by 
using a reducing agent such as methyl isobutyl ketone and 
methyl ethyl ketone to obtain narrow and transient signals 
(Ataman, 2008). In order to increase adsorption capac-
ity of an SQT, the inner surface can be coated with high 
melting point materials such as molybdenum, tantalum, 
gold, zirconium, and osmium (Demirtaş et al., 2015).

The aim of this study was to determine nickel in 
lake water and daphne tea samples utilizing an FAAS 
system combined with the PVG-T-shaped SQT-AT. 
All variable parameters of the system were opti-
mized by the univariate approach, and system ana-
lytical performance was evaluated under the optimum 
conditions.

Materials and methods

Reagents

The chemicals used throughout the study were as fol-
lows: formic acid, acetic acid, propionic acid, nitric 
acid, hydrochloric acid, potassium nitrate, sodium 
chloride, molybdenum(VI) oxide, zirconium(IV) 
chloride, and niobium(V) chloride. The chemicals 
were purchased from Merck (Germany), and all 
were of analytical grade. Nickel standard solution 
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(1.00  g/L) was bought from High Purity Standards 
(USA) and used to prepare all intermediate and work-
ing solutions by diluting acidified nickel standard 
solution with distilled water.

In order to ensure that all glass apparatus were free 
from organic and inorganic contaminants, they were 
washed with detergent, rinsed, and soaked in a nitric 
acid bath (2.0% v/v) overnight.

Instrumentation

An atomic absorption spectrophotometer (ATI UNI-
CAM 929 AA, England) was used for the detection 
of nickel at the 232.0 nm analytical line and 0.5 nm 
spectral bandpass. As radiation source, a nickel hol-
low cathode lamp (Varian) was used with 15.0  mA 
as operation current. Background correction was 
achieved by using a deuterium lamp (D2). Acety-
lene and air gas were used for generation of flame. 
Argon gas was used for transfer of the analytes into 
the atomizer unit, and hydrogen gas was also uti-
lized as a reducing agent. The UV-PVG-T-SQT-AT 

system (Fig.  1) is comprised of a peristaltic pump 
(MiniPuls3, Gilson, USA), custom-made UV pho-
toreactor, gas-liquid separator, ultrasonication bath, 
and T-shaped slotted quartz tube. The UV photore-
actor and gas-liquid separator were built with unique 
designs in our laboratory, and further information can 
be found in the project completed (Bakırdere, 2020). 
The UV photoreactor that consists of quartz tube and 
UV radiation source (Sylvania 16W, UK) was cov-
ered with polypropylene tube. The quartz tube hav-
ing eight equal sides was combined with zigzag pat-
tern, and UV lamp was placed middle of these tubes. 
The GLS was designed in a cylindrical tube. Small 
spherical-shaped glass spheres were added inside the 
GLS for increasing the surface area where the sam-
ple/standard solutions pass. In addition, the GLS was 
placed into an ultrasonic bath to increase the separa-
tion efficiency of volatile analyte species from liquid 
part. The T-shaped quartz tube with 14.0-cm length, 
1.8-cm outer diameter, and 1.0-mm wall thickness 
was used as an atom trapping surface. A 6.0-cm long 
and 2.0-mm wide entrance slot was cut at the bottom 

Fig. 1   Schematic representation of UV-PVG-T-SQT-AT-FAAS system (Bakırdere, 2020)
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of the tube to allow complete entry of the acetylene-
air flame into the tube when placed on the burner. In 
addition, eight circular holes with 2.0  mm diameter 
were drilled at the top part of the tube to lower the 
flame velocity in order to prolong the retention time 
of analyte species inside the tube. Furthermore, the 
inner surface of the quartz tube was coated with high 
melting point zirconium to increase trapping capac-
ity. In this study, three different coating metals, nio-
bium, molybdenum, and zirconium were tested for 
their trapping efficiency for nickel. Four identical 
T-SQTs were employed, where one was left bare, 
and the others were covered with the three different 
metals. In the coating process, solutions of the three 
metals having approximately 100 mg/L were prepared 
in separate tubes. The T-SQTs were placed on a fuel-
lean flame, and the coating solutions were sent to the 
system via a nebulizer for 10 min. During this period, 
the quartz windows at both sides of the burner were 
covered with aluminum foil to prevent them from 
being coated with the metals.

Procedure

Samples were acidified with 10 M propionic acid prior 
to analysis. The sample solutions were sent to the UV 
photoreactor using a peristaltic pump at a constant 
flow rate, which determined the time period that the 
samples entered and exited the reactor, equivalent to 
irradiation period. Liquid samples containing volatile 
nickel compounds were pumped into the gas-liquid 
separator in a dropwise manner. With the help of a 
sonicator, volatile compounds were separated from 
the liquid matrix and transferred into the quartz tube 
by argon gas at optimum flow rate and trapped on 
the inner surface of the tube under a fuel-lean flame 
medium. After 1.0-min trapping period, hydrogen gas 
set to optimum flow rate was sent to the system by 
opening the valve for simultaneous re-volatilization of 
trapped atoms to obtain narrow and transient absorb-
ance signals. The total period of one analysis was 
approximately 4.5  min. Schematic representation of 
UV-PVG-T-SQT-AT-FAAS system is given in Fig. 1.

Safety considerations

International Agency for Research on Cancer (IARC) 
classifies nickel/nickel compounds as group 1 carcinogens 
for humans and animals. It was reported that adsorption 

of this element into the human body is higher than the 
other metals. Therefore, this metal can cause an allergic 
reaction to the skin. Nickel carbonyl has potential cancer-
ogenic effects with serious damage to living cell. Moreo-
ver, this compound of nickel leads to acute poisoning 
(Barceloux, 1999). Hence, throughout the study, a fume 
hood was placed on the UV-PVG system and the burner 
head of FAAS system to remove harmful volatile species 
in order to protect the analyst.

Furthermore, output pressure of hydrogen gas was 
fixed to 5.0 bar, and hydrogen gas was sent to system 
using an adjustable valve for 1 s one valve in order to 
create small bursts. All experiments were performed 
under fume hood, and all precautions were taken to 
eliminate the possible risks.

Sample preparation

Daphne tea and lake water samples were used to 
validate accuracy and applicability of the developed 
method. Dried daphne tea samples were purchased 
from a local market (İstanbul, Turkey). Lake water 
samples were collected from Dam Lake (Kayseri, 
Turkey). The daphne tea sample (2.50 g) was weighed 
into a volumetric flask and completed to 250 mL with 
boiled deionized water. The volumetric flask was cov-
ered with watch glass. Then, this mixture was brewed 
for 10 min, just as it is prepared for tea consumption. 
The brewed sample solution (250  mL) was allowed 
to cool down to room temperature and then filtered 
before the ten times dilution for analysis. Likewise, 
the lake water sample was first filtered to remove 
solid particles and then diluted ten times with deion-
ized water.

Results and discussion

Optimization of atom trapping parameters

Experimental conditions that affect the atom trapping 
process were optimized by the univariate method. 
Optimum parameters of the photochemical vapor 
generation and separation efficiency for nickel were 
taken from our previous study (Büyükpınar et  al., 
2020). Triplicate measurements were performed 
throughout the study, and analytical performance of 
the developed method was evaluated under optimum 
conditions.
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Flame conditions

Volatile derivatives of nickel produced inside the UV 
photoreactor were separated from the liquid solution 
in a GLS and transferred to the T-SQT attached atom-
izer unit for adsorption onto the inner quartz surface. 
Due to the fact that atomization occurs at high tem-
peratures, the attached quartz tubes are heated elec-
trically or with the help of acetylene-air flame. The 
latter is the most suitable option for atom trapping 
studies because different flame conditions can be 
performed for both adsorption and re-volatilization 
processes. By adjusting the proportions of oxidant 
and fuel gases, the chemical character and tempera-
ture of the flame can be altered. The flame used in 
trap studies must provide the following conditions: 
(i) the flame temperature must be kept high enough 
to break down molecules containing the analyte atom, 
(ii) it must provide a reducing environment so that 
the released analyte atoms do not form their oxides, 
and (iii) it must be kept at a temperature low enough 
to increase the amount of atoms adsorbing onto the 
quartz surface (Ataman, 2008).

In order to modify the flame environment, the flow 
rate of acetylene was adjusted to various values, while 
keeping the airflow rate constant. Acetylene:air ratios 
of 0.20, 0.26, 0.42, and 0.53 were tested. The low-
est absorbance value was observed for the 0.20 ratio, 
while the 0.26 ratio recorded the highest absorbance 
and was selected as optimum acetylene:air ratio.

The characteristic of the flame inside the quartz 
tube is also affected by the distance between the tube 
and the point where the flame forms on the burner. 
It was observed that the velocity of the flame in the 
tube decreased as the tube was moved away from the 
burner. Prolonged retention of the analyte derivatives 
is known to increase the amount of trapped species, 
and thus, the distance of SQT from the burner head 
was optimized. After performing experiments in the 
range of 0.0–3.0 mm with 1.0 mm intervals, 1.0 mm 
recorded the highest absorbance values was chosen as 
the optimum distance.

Argon, which is used in PVG studies to separate 
volatile derivatives from the liquid matrix and trans-
fer them to the atomizer has an impact on the flame 
composition, rate of analyte transfer, and temperature 
in the quartz tube. Optimization of the carrier gas 
flow rate is therefore a very important parameter that 
affects the efficiency of trapping. In this optimization 

stage, flow rates lower than 1700 mL/min could not 
be obtained, and at flow rates higher than 2850 mL/
min, liquid was forcefully carried from the GLS into 
the quartz tube. The highest absorbance values were 
recorded for the flow rate of 1700 mL/min, and a 60% 
reduction in absorbance occurred when the rate was 
increased to 2100 mL/min. This can be attributed to 
three reasons: increasing the amount of argon per 
unit time causes dilution of the transported volatile 
nickel derivatives, causes rapid exit of atoms from 
the flame, and decreases atomization efficiency as a 
result of reduced flame temperature. In the batch-type 
PVG-AAS system, a linear relationship was observed 
between the argon gas flow rate and the absorbance 
signals because the volatile derivatives must be trans-
ported to the atomizer collectively (Büyükpınar et al., 
2020). On the contrary, in trapping studies, keeping 
the flow rate of the carrier gas as slow as possible 
ensures that volatile species are transferred at a mod-
erate rate to adsorb properly onto the inner surface of 
the quartz tube.

Trapping conditions

The main purpose of a trapping system is to collect 
analytes on the SQT surface for a specified period 
to increase their concentrations and release them 
instantaneously to obtain higher absorbance signals 
relative to the conventional aspiration method. In 
this way, even samples with concentrations below 
the instrument’s detection limit can be easily deter-
mined. In the T-SQT-AT system (Bodur et al., 2019), 
trapping of analytes takes place on the inner surface 
of the quartz tube. During sampling, analyte deriva-
tives accumulate on this surface, and their quantity 
increase with time. Therefore, a linear correlation is 
seen between the sampling period and the absorbance 
signal obtained. Since the tube has a limited surface 
area, the surface is completely covered after a while, 
and this linear relation reaches a plateau. Further 
sampling after this point only prolongs analysis time 
and increases consumption of the sample.

To determine the optimum trapping period for Ni 
in this study, periods in the range of 60–240 s with 
60  s intervals were tested, and 120  s was selected 
as the optimum period for recording the highest 
absorbance value for an uncoated SQT.

Coating the quartz surface is a simple process 
that is performed to increase its trapping capacity 
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for analytes. This procedure was first applied by 
Brown and Milner to prevent the vitrification of 
SQTs, increase their lifetime, and enhance trapping 
efficiency for several elements (Brown et al., 1985). 
Metals to be used for coating must have higher 
melting points than the boiling point of the analyte 
under study. This prevents the coating material from 
separating from the surface of the tube together 
with the analyte during the release step. Zr, Mo, and 
Ti meet this requirement and are commonly used as 
coating materials (Demirtaş et al., 2015).

All three coating elements (Zr, Mo, and Nb) 
increased the trapping capacity of the T-SQT. Com-
pared to bare T-SQT, Mo- and Nb-coated T-SQT 
provided approximately 146% and 115% enhance-
ment in peak intensity, respectively, while about 
175% increase in absorbance value was observed for 
the Zr-coated T-SQT. In addition, a single analyte 
signal was achieved with Zr-coated T-SQT while 
multiple signals were obtained with bare T-SQT 
when reducing agent was sequentially sent to the 
system. The signals belonging to Zr-coated T-SQT 
and bare T-SQT are given in Fig. 2.

In order to investigate the effect of enhanced trap-
ping surface over the spontaneous release problem 
encountered with the bare T-SQT, the trapping period 
optimization process was repeated for the period 
range of 30–240 s. For the coated SQT, 60 s emerged 
as the optimum trapping period compared to 120  s 

for the bare SQT. This suggests that there was greater 
interaction and adsorption onto the quartz surface of 
the coated SQT within a short time period.

Re‑volatilization step

Analyte derivatives preconcentrated on the inner 
surface of the quartz tube are released and atomized 
as the last step of the method. To achieve this goal, 
two different strategies have been proposed in the lit-
erature: fuel alteration and organic solvent aspiration 
(Korkmaz et al., 2002). In the fuel alteration process, 
a reducing flame is created by increasing the fuel 
ratio in the flame composition after sampling. The 
other strategy involves sending an organic solvent 
to the flame via the nebulizer unit to form a pulse of 
reducing flame. In the system proposed by Uslu et al., 
hydrogen gas was sent directly to the flame from the 
T-junction on the SQT in short bursts (Uslu et  al., 
2018). The use of hydrogen gas is more responsive 
and instant in a manner of changing the flame medium 
compared to the other two strategies, thus making the 
signal width narrower. The shortened time for a com-
plete release of the trapped analytes leads to increased 
peak height. In this study, experiments were con-
ducted with different hydrogen gas flow rates in the 
range of 440–2300 mL/min, and the highest absorb-
ance values were recorded at 440 mL/min. A decrease 
in peak height as well as an increase in background 

Fig. 2   The signals belonging to Zr-coated T-SQT and bare T-SQT
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(BG) signal was observed for the higher flow rates of 
hydrogen gas due to unstable flame environment for 
atomization and absorbance measurement.

Analytical figures of merit

Analytical performance of the PVG-T-SQT-AT-
FAAS for the determination of nickel was investi-
gated under the optimum experimental conditions 
given in Table  1. A series of standard nickel solu-
tions acidified with 10.0  M of propionic acid were 
prepared and analyzed with triplicate measurements. 
A linear correlation between nickel concentration 
and signal height was observed with good linearity 
(R2 = 0.9992).

Detection and quantification limits (LOD and 
LOQ) of the developed system were calculated using 
the expressions 3 × S/m and 10 × S/m, respectively, 
where S is the standard deviation for 5 consecu-
tive measurements of acidified nickel standard solu-
tion, and m is the slope of the calibration plot. All 

analytical figures of merit are summarized in Table 2. 
A 91-fold enhancement was achieved by the devel-
oped method by comparing its LOD value to the LOD 
value of the conventional FAAS system. Figures of 
merit reported for other methods in the literature are 
also presented in Table 2, and it can be clearly seen 
that they are comparable with the figures obtained 
in this study. In our previous study, a closed quartz 
atomization cell was used to provide atomization 
of volatile nickel species (Büyükpınar et  al., 2020) 
with temperature controlling system in Analytic 
Jena NovAA 300 system having the detection limit 
of 147 µg/L. In this study, due to the problem in that 
instrument, different FAAS having LOD of 911 µg/L 
was used with an opened T-SQT allowing us to 
release the trapped analyte after adding the hydrogen 
gas. It is clear that enhancement in detection power 
in this study is about 91 (based on LOD comparison) 
while this value was 42 in our previous study. It is 
clear that trap has advantages in the enhancement of 
the detection power. On the other hand, the trapping 
strategy used in this study allowed us to separate the 
analyte species from other volatile interfering com-
pounds by trapping the analyte species on the inner 
surface of the quartz tube.

In literature, cloud point extraction-flame atomic 
absorption spectrometry (CPE-FAAS) (Galbeiro et al., 
2014) and room temperature ionic liquid-liquid extrac-
tion-flow injection-flame atomic absorption spectrom-
etry (RTIL-LLE-FI-FAAS) (Dadfarnia et  al., 2010) 
methods have been presented for the determination of 
nickel at trace level, but these methods possess tedious 
experimental steps and also highly toxic chemicals 
usage. On the other hand, the developed analytical 
method provided the opportunity to qualify/quantify 
µg/L levels of nickel with the green procedure. In 

Table 1   Optimum parameters of PVG-T-SQT-AT-FAAS sys-
tem

*Ref. (Büyükpınar et al., 2020)

Organic acid type Propionic acid*

Organic acid concentration 10.0 M*
Acetylene:air ratio 0.26
Sample flow rate/sample volume used 1.8 mL/min/1.8 mL*
UV radiation time 3.0 min*
Argon flow rate 1700 mL/min
Hydrogen flow rate 440 mL/min
Trapping period 1.0 min
T-SQT height 1.0 mm

Table 2   Analytical performance of different methods used for nickel determination

PVG-T-SQT-AT-FAAS photochemical vapor generation-T shaped-slotted quartz tube-atom trap-flame atomic absorption spectrometry, 
PVG-AAS photochemical vapor generation-atomic absorption spectrophotometry, CPE-FAAS cloud point extraction-flame atomic 
absorption spectrometry, RTIL-LLE-FI-FAAS room temperature ionic liquid-liquid-liquid extraction-flow injection-flame atomic 
absorption spectrometry

Method LOD, µg/L R2 RSD% Linear range References

FAAS 911 0.9983 4.2 5.0–100 mg/L This study
PVG-T-SQT-AT-FAAS 10 0.9992 7.4 30–350 µg/L This study
PVG-AAS 3.5 0.9992 2.3 10–100 µg/L Büyükpınar et al. (2020)
CPE 2.6 0.9990 2.5 2.5–160 µg/L Galbeiro et al. (2014)
RTIL-LLE-FI-FAAS 12.5 0.9998 3.1 50–500 µg/L Dadfarnia et al. (2010)
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addition, the PVG-atom trap proposed with several 
modifications in this study can be coupled with higher 
sensitive instruments such as ICP-OES, GF-AAS, and 
ICP-MS to lower the detection limits.

Interference experiments

The PVG involves a series of reactions between sev-
eral ions and radicals; therefore, it is assumed that 
foreign ions present in the medium may interfere 
with the process. According to some studies in the 
literature, nickel volatile species are repressed by ani-
onic interferents (Zheng et al. 2009). Since solutions 
that contain only anions do not reflect real samples, 
the interference effects on the method were inves-
tigated using in a medium that contained both cati-
ons and anions. Hence, sodium, potassium, magne-
sium, calcium, iron, selenium, and lead were added 
as cations, while chloride and nitrate were added as 
anions to represent the most abundant ions in envi-
ronmental samples. The experiments were carried 
out with 1:1 and 1:10 molar ratio of acidified nickel 
solution to interferent anions/cations. The concentra-
tion of nickel in the samples was set at 3.4 × 10-3 mM 
and spiked with interferent mixed solution. Another 
nickel solution without interference was used for 
comparison. It was observed that the presence of 
ions at the same molar concentration as nickel caused 
about 13.7% decrease in absorbance signals. Further-
more, no absorbance signal was observed in the case 
with excess interferent ions. According to these data, 
the applicability of the method becomes difficult, 
especially in a complex matrix with low nickel con-
tent. This observation can be explained as a result of 
four different effects: (i) inhibition of photochemical 
vapor generation reactions, as studies in the literature 

have established; (ii) competitive reactions from other 
elements that produce more efficient volatile deriva-
tives than nickel; (iii) coating of the quartz surface 
with possible volatile derivatives of other elements; 
and (iv) synergies of these effects.

Recovery studies

Accuracy of the developed method was tested by car-
rying out a series of analyses with real sample matri-
ces. The developed method was applied to daphne 
tea and lake water samples, which were prepared 
according to the procedures given in the section Real 
Samples. Before the preparation of matrix matching 
calibration standards, blank analyses for the samples 
were carried out to confirm that nickel levels were 
below the detection limit, and no analytical signals 
were observed. Matrix matching calibration strategy 
was applied to eliminate possible matrix effects as 
indicated by the interference studies. Recovery results 
calculated via external calibration (Table  3) showed 
that there were negative and positive matrix effects 
on the analyte arising from lake water and daphne 
tea matrices, respectively. Therefore, standards were 
prepared in analyte-free real samples at five differ-
ent concentration (75–250  µg/L for lake water and 
150–350 µg/L for daphne tea), and the samples were 
introduced to the developed system. Then, matrix 
matching calibration was drawn via data obtained 
from the matrix matching calibration standards, and 
recovery results were calculated via matrix match-
ing calibration. Different lake water and daphne 
tea samples after blank measurement were used to 
obtain matrix matching calibration. Daphne tea and 
lake water samples were spiked to final nickel con-
centrations of 200, 250, and 300 µg/L and 100, 150, 
and 200  µg/L, respectively. In addition, two sets of 

Table 3   Percent recovery 
results calculated for spiked 
samples using external 
calibration and matrix 
matching calibration

*Uncertainties (±): relative 
standard deviations for n = 3

Sample Spiked concentra-
tion, ng/mL

External calibra-
tion strategy

Matrix matching cali-
bration strategy

 ± RSD%*

Recovery % Recovery %

Lake water 100 86.6 96.5 2.0
150 81.9 96.1 5.7
200 74.9 90.0 1.6

Daphne tea 200 115.7 93.0 12.6
250 126.9 97.7 1.5
300 144.9 111.8 3.0
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calibration standard solutions were prepared using 
each sample’s matrix, and the linear equations from 
the calibration plots were used to calculate the con-
centration and percent recovery of nickel. All results 
obtained from the recovery experiments are given in 
Table 3.

Conclusions

In the present study, UV-PVG-T-SQT-AT-FAAS was 
developed by combining photochemical vapor gener-
ation and atom trapping systems to increase the ana-
lytical performance of the conventional FAAS system 
for nickel detection in two sample matrices. LOD 
and LOQ values were found to be 10 and 33  µg/L, 
respectively. The enhancement factor was calculated 
as 91-folds by comparing the LOD of the developed 
method to that of the FAAS system. A very signifi-
cant interference effect on nickel determination by 
the developed method was observed in the presence 
of various cations and anions. However, these effects 
can be overcome by using the matrix matching cali-
bration method. Thus, spike recovery experiments for 
nickel in lake water and daphne tea samples produced 
percent recovery results in the range of 90–112%.
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