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ABSTRACT

A method for the trace deter-
mination of tin in seawater sam-
ples by a hydride generation
technique using a flow injection
system coupled with AAS was
investigated. Tin hydride was
generated using 0.4% NaBH4 in
0.2% NaOH as the reductant. The
carrier solution was 5.6 * 10–2 M
HCl. The tin hydride generated
was carried to the quartz cell by
an argon stream flow of 100
mL/min, where it was atomized at
900°C. Peak height was used for
mea-surement of the analytical
signal. A detection limit of 130
ng/L was obtained for a 500-µL
sample volume. The precision
was between 2.0 and 9.0%, and
analytical recovery was close to
100%.

Introduction

Tin determination at trace levels
in environmental samples is of con-
siderable interest due to its toxicity
(1,2). Moreover, the organotin com-
pounds are widely used as fungi-
cides, acaricides, and pesticides in
wood for cellulose conservation, in
antifouling paints, and for polyvinyl
chloride (PVC) stabilization (3).
Due to the various applications of
organotin compounds and due to
their high toxicity, it has become
necessary to control tin levels in
different environmental mediums.
For example, the use of tributyltin
(TBT) in antifouling paints used for
ships needs to be studied to estab-
lish the total tin levels in seawater.

The most common technique for
tin determination is atomic absorp-
tion spectroscopy (AAS), but the
sensitivity obtained with flame AAS
or electrothermal atomization AAS
is not sufficient for tin determina-
tion in seawater. A solution to this
problem is tin hydride generation
and atomization in a quartz cell.

Hydride generation (HG) tech-
niques were first introduced in
1969 by Holak (4).They have been
applied to the determination of ele-
ments such as As, Se, Hg, and Sn
due to the high sensitivity and
selectivity obtained (5–11). Welz et
al. (12) contributed in the develop-
ment of the theory and practice of
HG-AAS. Dedina (13), Nakahara
(14), and recently Tsalev (15) have
reviewed this technique and
discuss its theoretical and practical
problems.

To perform stannane generation,
procedures based on batch and
continuous-flow have been used;

but more recently, the use of flow
injection analysis systems (FIAS) has
been introduced. These systems
offer an important alternative to
batch methods, because they are
simple, versatile, very easy to auto-
mate, and only a relatively small
sample amount is required.

Although there are a number of
publications on tin determination
by HG-AAS, many authors suggest
that Sn hydride generation presents
some problems, such as high blank
values (7, 16–17), memory effects
(7,17) and principally, strong
dependence of tin sensitivity on the
acid media (5,9,16–18); the effect
of pH, and the ratio [H+] to
[BH4

+]+[OH–] is critical.

Moreover, stannane atomization
in the quartz tube is critically
dependent on experimental vari-
ables and some strong depressive
interferences can occur in hydride
generation. These interferences are

principally due to transition metal
ions (20,21) and are important at
low pH values. Interferences in the
atomization process are also possi-
ble and mutual interferences have
been observed (13,14) among
hydride-forming elements when the
externally heated quartz cell was
used. These interferences are due
to the competition among the sev-
eral hydride-forming elements for
the hydrogen radicals (22).

Tin hydride generation using a
FIAS was proposed by McIntosh et
al. (6) for the analysis of steel sam-
ples, where oxygen was introduced
to the argon carrier gas stream to
obtain better hydride generation.
Welz et al. (23) observed the pres-
ence of a prepeak or double peak
due to the silica material used to
make the quartz tube atomizer. The
prepeak can be avoided by using
argon with 10% (v/v) hydrogen as
the purge gas.

In this work, we studied the
direct tin determination in seawater
using tetrahydroborate to reduce
the inorganic tin and a flow injec-
tion system to generate and trans-
port the tin hydride.

EXPERIMENTAL

Instrumentation

A Perkin Elmer FIAS™-400 system
with a five-port FI valve was used.
The rotation speed of the two mul-
tichannel peristaltic pumps was
programmed and automatically con-
trolled. A schematic of the FIAS-400
system is shown in Figure 1 and the
instrumental parameters are listed
in Table I. PTFE tubing was used for
sample transfer.

Tin absorbance was measured
with a Perkin Elmer Zeeman 4100
ZL atomic absorption spectrometer.
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A tin electrodeless discharge lamp
was used, operated at a current of
310 mA. The wavelength was set at
286.3 nm and the spectral
bandwidth used was 0.7 nm.

Peak height was used for the
measurements of the analytical sig-
nal.The determinations were made
in a quartz tube atomizer (QTA).

Tin Hydride Generation

First, the sample solution flows
into a 500-µL sample loop. The car-
rier solution carries the sample
from the sample loop to the chemi-
fold. There the carrier sample
stream is mixed with the reductant
to form the gaseous hydride under
the conditions selected. This mix-
ture of liquid and vapor flows to
the membrane separator cell,

where the hydride vapor is carried
by an argon carrier stream and is
then transferred to the heated
quartz atomizer. The reacted liquid
is withdrawn from the separator by
a peristaltic pump.

Reagents

Tin stock standard solution
(1000 g/L, BDH). The standard solu-
tions were prepared by daily dilut-
ing appropriate amounts of the
stock solution in ultrapure water
and adding HCl to obtain a final
concentration of 3.2 · 10–2 M.

Sodium tetrahydroborate 0.4%
(m/v) (Aldrich) dissolved in 0.2%
(m/v) sodium hydroxide solution
(Carlo-Erba, Milan, Italy). This solu-
tion was prepared daily.

Hydrochloric acid 6.5 · 10–2 M,
used as the carrier solution, was
prepared from 37% (m/v) HCl
(Merck).

Synthetic seawater samples of
low salinity, 34.2 ‰ (SSWII), and
high salinity, 72.8 ‰ (SSWI), were
prepared in accordance with the
recommendations provided in the
literature (24).

All reagents used were of the
highest purity or at least of analyti-
cal reagent grade.

Ultrapure water of 18 MΩ/cm
specific resistivity was obtained
from a Milli-Q® water system purifi-
cation (Millipore, Milford, MA,
USA).

Argon of N-50 purity (99.999%)
was used as the carrier gas and was
obtained from SEO (Madrid, Spain).

All material was kept in 10%
nitric acid for at least 24 hours and
was subsequently washed three
times with ultrapure water before
use.

RESULTS AND DISCUSSION

Hydride Generation Conditions

The recommended conditions
for stannane generation in the

TABLE I
FIAS Tin Program

Step Flow rate (mL/min) Time (s) Valve Function 

Pump1 Pump2

Sample Carrier Reducing 

1 10 9 5 10 Fill Sampling step 
2 0 9 5 15 Inject Hydride generation 

Cell temperature: 900°C
Flow gas: 100 mL/min
Sample loop: 500 µL
Reaction loop: 11 cm 

Fig. 1. Schematic diagram of FIAS system.
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batch mode (25) and more recently
in the FI mode (23) are to use
sodium tetrahydroborate (in sodium
hydroxide media) as the reductant
solution, a saturated solution of
boric acid, and 0.65M HCl as the
carrier solution. The sample must
also be prepared using this mixture
of boric acid and HCl.

With these conditions, a triple
peak was observed (Figure 2A).
This peak changed to a double 
peak when the sample was
prepared in 6.5 · 10–2 M HCl (Figure
2B). When the sample was intro-
duced directly without boric acid
and HCl solutions, a simple peak
with a small prepeak was observed
(Figure 2C).

Due to these problems and the
high blank values obtained with the
use of the boric acid, we decided to
eliminate the use of this acid.

In hydride generation using the
FI systems, the sample is injected
into the carrier stream and is
diluted due to dispersion during 
its transport to the detector. The
hydrogen gas is formed in the tubes
when the sample is mixed with the
reductant and this gas can cause
signal distortion. The concentration
of the reductant solution determines
the amount of hydrogen generated,
and the acid concentration deter-
mines the vigor of the reaction. 
For this reason, and to avoid blank
problems, the acid and reductant
concentrations must be the lowest
possible, and a careful optimization
must be performed.

Different experiments were 
carried out to study the effect of
sodium tetrahydroborate concentra-
tion on the tin signal, using an aque-
ous standard spiked with 10 µg/L in
3.2 · 10–2 M HCl. In Figure 3 we can
see that the amount of reductant
has very little influence on the tin
signal, and a concentration of 0.4%
(m/v) was chosen as the optimum.
Another important factor is the
amount of sodium hydroxide added
for stabilization of tetrahydroborate.

The influence of the sodium
hydroxide amount on the tin
absorbance using a reductant con-
centration of 0.4% (m/v) and an
acid concentration of 6.5 · 10–2 M 
is shown in Figure 4. The tin signal
increases with the NaOH concen-
tration up to 0.2–0.4% (m/v), but
for higher amounts, a decrease in
the signal was observed. This is
probably due to a pH effect, and 
for this reason we selected 0.2%
(m/v) NaOH as the optimum 
concentration.

Fig. 2. Effect of boric acid + HCl 
on tin peak profile:

A. Sample in H3BO3 + HCl.
B. Sample in 6.5 · 10–2 M HCl.
C. Sample alone.

Fig. 3. Effect of sodium tetrahydrobo-
rate on tin absorbance.

Fig. 4. Effect of sodium hydroxide 
on tin absorbance.

The variation of tin absorbance
due to the HCl amount for 0.4%
(m/v) NaBH4 is shown in Figure 5.
As can be seen, the tin absorbance
increases with the acid concentra-
tion up to 6.5 · 10–2 M. Although
the absorbance does not decrease
rapidly when the acid concentra-
tion increases, yet a poorer peak
profile was obtained with high con-
centrations (Figure 6). The decrease
in the signal observed for high
amounts of HCl is lower than the
decrease obtained by Welz et al. (23)

Fig. 5. Effect of HCl on tin absorbance.

A

B

C
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when the saturated boric acid solu-
tion +HCl was used as the carrier.

Sample and Reaction 
Loop Size Effects

The effect of the different types
of samples and reaction loops was
also studied. For the sample loop,
we used 500, 1000, and 1500 µL
and observed that an increase in the
sample loop volume did not pro-
duce an equivalent increase in the
tin signal. The increase in the sam-
ple volume is not equivalent to an
increase in signal sensitivity. Proba-
bly due to higher volumes, the pre-
cision is worse, the transport of the
hydride cannot be complete, and
moreover some hydride decomposi-
tion can be produced.

On the other hand, we studied
the effect of the size of the sample
loop on the tin signal (Figure 7).
We can see that for bigger reaction
loops, the tin absorbance decreased.
For this reason, we selected a sam-
ple loop size of 500 µL and a reac-
tion loop of 11 cm.

Reductant, Carrier Solution, 
and Carrier Gas

Since tin hydride is very unsta-
ble, it can be decomposed during
transfer to the quartz cell. There-
fore, it is very important to
optimize the flow rates of the car-
rier and the reductant. To study
these effects, different flow rates
for both solutions were studied;
both flow rates were changed
simultaneously. In Figure 8, we can
see the effect of the carrier and
reductant flow rates on the tin
absorbance signal. For the reducing
agent, a flow rate of 5 mL/min was
sufficient, but for the carrier to
obtain the bigger tin signal, a flow
rate of 9 mL/min was necessary.

The effect of the argon flow used
as the carrier gas on the tin signal
was also studied (Figure 9). An
argon flow of 100 mL/min was
selected as optimum because with
higher flows rates, a decrease in the

Fig. 6. Effect of HCl on tin peak profile: A = 6.5 · 10–2 M HCl ; B = 0.32 M HCl.

Fig. 7. Influence of reaction coil length
on tin signal.

tin signal was observed. This was
probably due to the tin hydride gen-
eration not being completed with
higher flow rates.

Tin Hydride Atomization

The atomization of tin hydride
was performed in an electrically
heated quartz cell. Different atom-
ization temperatures were studied
and the results obtained are shown

Fig. 9. Effect of argon flow on 
tin absorbance signal.

in Figure 10. Stannane atomization
is strongly affected by temperature.
With low temperatures, such as
700°C, the tin hydride was not
atomized. With higher temper-
atures, such as 900°C, the atomiza-
tion increased. Since tin hydride
atomization decreases with lower
temperature, we selected 900°C 
as the optimum atomization tem-
perature.

Fig. 8. Effects of reductant (●) 
and carrier (■) flow rates on tin
absorbance signal. 
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TABLE II 
Effect of Different Species on

the Tin Absorbance Signal

Ion Concentration Absorbance
added variation 
(mg/L) (%) 

Na+ 10000 +3.7
1000 +5.4 

Ca2+ 10000 +27
1000 +16
500  +8.1 

Mg2+ 3000 +7.3
100 –4.2 

Zn2+ 0.5 -7.9
0.1 +2.6 

Se2+ 0.5 +19.7
0.1 +7.9 

Cl– 15000 –3.5
1000 –3.1 

F– 50 –47
10 –1.6 

SO4
2– 3000 –8.6 

NO3
– 5000 +2.9 

The age and condition of quartz
tubes are other important perfor-
mance factors. It is therefore neces-
sary to condition the quartz tube
frequently with 40% hydrofluoric
acid for 15 minutes. Although sev-
eral authors have reported memory
effects due to tin products deposi-
tion on the quartz tube (26) and the
re-volatilization of the adsorbed tin
from the quartz surface (27) in the
batch-type hydride systems, we did
not observe these effects.

Different integration times rang-
ing from 5 to 30 seconds were stud-
ied. It was found that 20 seconds
are necessary to permit the
absorbance signals to return to the
baseline. Nevertheless, it is possible
to work with only 15 seconds if
peak height measurement is used.
In our experiments, good precision
and accuracy were obtained using
peak height. We used this measure-
ment mode in order to increase the
speed of analysis.

Calibration and Standard 
Addition Curves

To obtain a calibration curve,
standard aqueous solutions contain-
ing tin concentrations in the 0–15
µg/L range were used. In addition,
two calibrations using synthetic 
seawater of high salinity, 72.8‰
(SSWI), and low salinity, 34.2‰
(SSWII), were performed in the
same concentration range.

The standard additions method
was used with a seawater sample
spiked with 5, 10, and 15 µg/L tin.

Since the slopes, obtained using
the standard aqueous calibration
and the synthetic seawater of high
and low salinities, were different
from the slope of the standard addi-
tion, the use of the standard addi-
tions procedure was necessary.

Analytical Figures of Merit

To evaluate the sensitivity of 
the method, the limit of detection
(LOD) and the limit of quantifica-
tion (LOQ) were calculated.

The LOD, defined as the lowest
concentration level that can be
determined to be statistically differ-
ent from a blank, is calculated as
LOD = 3 · SD/m for a 99% confi-
dence level, where m is the slope 
of the calibration curve and SD is
the standard deviation of ten blank
replicates. The LOQ is defined as
the level above which quantitative
results can be obtained with a spe-
cific degree of confidence. At 99%
confidence levels, the value recom-
mended is LOQ= 10 · SD/m.

The mean value for the blank
and its standard deviation was 
4.7 · 10–3 ± 4.45 · 10–4.

The values obtained were 
0.13 µg/L and 0.41 µg/L for LOD
and LOQ, respectively.

Precision and Recovery

The within-batch precision of
the method was investigated using
10 replicates of five samples with
different tin concentrations added.
Five samples with 0, 5, 10, and 
15 µg/L of tin added were used 
and the variation coefficients
obtained were: 9.0, 3.2, 2.3, and 
2.0%, respectively.

On the other hand, the analytical
recovery of different amounts of tin
added to a seawater sample was
studied, and the results obtained
were 102.4, 101.5, and 99.1% for 
5, 10, and 15 µg/L of tin added.

Interferences

Experiments were performed to
discover the extent to which the
proposed method is susceptible to
interferences from elements known
to interfere in the tin determination
by AAS. An interference was
defined to be significant if a varia-
tion of more than ± 10% in the mea-
surement was observed.

The results obtained (Table II)
showed that no interference effects
occurred in the levels of these ele-
ments in seawater samples.

Applications

The method was applied to the
tin determination in estuarine sea-
water samples from the Galicia
Coast (northwest Spain). The sam-
ples were collected in glass bottles
and maintained at –18°C before
use. Nitric acid as preservative was
avoided due to its interferent
effects in tin determination. The
samples were analyzed directly
without filtration using the standard
addition procedure. At least two
replicates of each sample were per-
formed. The results obtained 
(Table III) showed a tin concentra-
tion range from 0.53 to 1.23 µg/L.

TABLE III
Seawater Samples

Sample Sn (µg/L) SD

1 0.56 0.19
2 nd* -
3 0.63 0.08
4 0.53 0.20
5 0.56 0.29
6 1.23 0.19
7 1.10 0.11

8 0.66 0.07

*nd : < 0.13 µg/L.
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Although these values seem
somewhat high (normally the con-
tent of tin in water samples is lower
than 1 µg/L), values between 1.1
and 6 µg/L have been reported by
Anna Brzezinska et al. (28). It is
important to indicate that our sam-
ples were collected in estuarines
and ports where water has very 
little mobility, which can explain
the values obtained.

CONCLUSION

A method for the tin determina-
tion using a flow injection system
for tin hydride generation was opti-
mized. Flow injection offers impor-
tant advantages over the batch
system due to easy automation,
high sampling frequency, and low
volumes of sample and reagent
required. The proposed method 
is precise and accurate, and allows
the direct determination of tin in
seawater.

Received November 12, 1998.
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