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A home — made purge and trap — thermos
desorption - gas chromatograph coupled with
atomic fluorescence detector for the
determination of ultra — trace methylmercury

Le Thi Huynh Mai, Nguyen Cong Hau, Huynh Quan Thanh, Nguyen Van Dong*

Abstract—A hyphenated system for
methylmercury based on a gas chromatograph (GC)
coupled with an atomic fluorescence spectrometric
(AFS) detector equipped with an online purge and
trap as a preconcentrator was made. Operating
parameters for the whole system were optimized and
analytical performances of the system are verified by
quality control chart for stability. Organomercurial
compounds in an aqueous sample were in-situ
ethylated and purged to a trap in-line with a
separation device instead of conventional off-line
solvent extraction. A 100 mL aqueous sample
containing methylmercury in an impinger was
mixed with sodium tetraethylborate at pH 5.0. The
forming volatile ethylmethylmercury was purged for
30 minutes with the assistance of an Ar flow and
trapped into a Tenax sorbent. The trap was then
heated to release volatile compounds including
ethylmethylmercury into a GC-AFS for separation
and detection. The instrumental detection limit was
4.8 pg Hg/L. The method can therefore be applied
for the determination of methylmercury in water
samples at ultra — trace.

Index Terms—Gas chromatography, atomic

fluorescence detector, methylmercury, purge and
trap, ultra — trace levels

1. INTRODUCTION

Mercury (Hg) is one of the most serious
global pollutants that affects human and

ecosystem health. Mercury is a naturally occurring
element, but has been directly mobilized by
humans for thousands of years into aquatic and

Received: 08-11-2017, accepted: 14-5-2018, published: 12-
9-2018

Author: Le Thi Huynh Mai, Nguyen Cong Hau, Huynh
Quan Thanh, Nguyen Van Dong — VNUHCM, University of
Science - winternguyenvan@gmail.com

terrestrial ecosystems through mining process, the
use of mercury in precious metal extraction, the
burning of fossil fuels (e.g., coal, oil, natural gas),
and its use in products (e.g., paint, electronic
devices) and by industrial activities (chlor-alkali
plants, as a catalyst) [1]. In natural water, the main
Hg species are elemental (HgP), inorganic (Hg®")
and alkylmercury  compounds  such  as
monomethylmercury [CH3Hg+], dimethylmercury
[(CH3);Hg], and aryl compounds [e.g.,
phenylmercury]. Monomethylmercury is
commonly referred to as methylmercury (MeHg)
[2]. Methylmercury is by far the most toxic and
most commonly occurring organic mercury
compounds. Mercury species exist in natural water
at extremely low concentrations. Typically, MeHg
represents less than 10% of the total Hg in surface
waters, but can exceed 30% in perturbed systems
such as newly formed reservoirs. In natural surface
waters (freshwater and marine), concentrations of
total mercury range from under 1 to 20 ng/L while
concentrations of MeHg are usually less than 1
ng/L [2]. However, methylmercury can be
bioaccumulated and biomagnified in the food
chain by factors of up to 106-107 times [3]. MeHg
exposure can be important to the people who rely
on marine fish and mammals for a majority of their
protein and nutrition. Exposure to high levels of
methylmercury has been found to cause
neurological damage, as well as fatalities, among
adults. Prenatal life and small children are even
more susceptible to brain damage due to their
enhanced sensitivity to the neurotoxin. The most
well documented cases of severe methylmercury
poisoning were from Minamata Bay, Japan in
1956 (industrial release of methylmercury) [4] and



TAP CHi PHAT TRIEN KHOA HQC & CONG NGHE:

95

CHUYEN SAN KHOA HQC TU NHIEN, TAP 2, SO 3, 2018

in lIrag in 1971 (wheat treated with a
methylmercury fungicide) [5]. In each case,
hundreds of people died, and thousands were
affected, many with permanent damage. Therefore,
much effort has been expended in determining the
methylmercury in environmental samples. Some of
the most common methods in determination of
methylmercury are LC — ICPMS [6], GC — ICPMS
[7], GC — QT — AAS, GC — MIP — AES [8] and
GC — AFS [7]. GC — AFS has been still commonly
used for methyl mercury analysis, mainly owing to
its high sensitivity comparable to GC-ICPMS and
low cost. This technique is properly possible to be
conducted in Vietnam. Preconcentration is the
most  important  factor in  determining
methylmercury due to its extremely low
concentration in water sample. Preconcentration on
resin, by extraction, purge and trap and capillary
electrophoresis have been reported. For low level
CHsHg* analysis, the most widely used technique
is purge and trap gas chromatography (GC)
coupled with an element specific detector, such as
atomic fluorescence spectrometry (AFS) or
inductively coupled plasma mass spectrometry
(ICPMS).

The technique purge and trap was used in this
research to enrich methylmercury prior to the
separation step in the GC. This method described
in this report was based on EPA 1630. This
technique not only provides enough the sensitivity
but also simple operation and low cost compared
to other modern and complicated methods, such as
ICPMS.

2. MATERIALS AND METHODS
Reagents, standard solutions

All solutions were prepared in double —
distilled, de—ionized water. HNOs; (65-67%), n-
hexane, = CHsHgClI  (MeHgCl),  Hg(NOs),,
dichloromethane (DCM), tetrahydrofuran (THF),
CH3;COOH glacial and CH3;COONa. These
chemicals were of analytical — reagent grade and
were obtained from Merck. Argon 99.999% (v/v)
was purchased from Singapore Industrial
Company. MeHgEt and Et,Hg standard solutions
were prepared by the ethylation reaction of
MeHgCl, Hg?* and NaBEts. The purity of these
solutions was checked by GC-AFS and
standardized by FIMS 100 system (Perkin Elmer).

Ethylation reagent was prepared by dissolution
of 1 g sodium tetraethylborate (Sigma-Aldrich) in
100 mL 2% KOH (Merck) in Ar atmosphere and
kept in a -18°C freezer for long-term storage (up to
6 months).

Since ethylmethylmercury and diethylmercury
standards have not been commercially available,
the preparation of the standards were carried out as
previously described [9]. The purity of these
solutions was tested by GC — AFS and the
concentrations of the compounds were verified by
FIMS 100 system. The standards were stored at -
20 °C for analysis.

Instrumentation

A GC Varian 3300 is equipped with an “on —
column” injector and a capillary DB-1 column (10
m x 0.53 mm i.d. x 2.65 um, Supelco, USA)
connected with a HP-1 (15 m x 0.53 mm i.d. x 1.5
pum, Supelco, USA). The injector and the oven

were programmed:
1007 ¢/ min

40° ——— 200° C (4 min) and

40°C (1 min)

207 ¢/ min 207 ¢,/ min

————120°C (1 min) ———200°C (1 min)
; respectively. The AFS detector (PS Analytical)
was operated at a “make — up” gas flow rate of 220
mL/min and a sheath gas flow rate of 190 mL/min.
A home-made interface between the GC and the
AFS detector consisted of a pyrolyser oven
maintaning at 540 °C for mercury atomization. The
purge and trap system consists of a flow controller
for purge gas, a 150 mL impinger with a sintered
glass porous scrubber and a magnetic stirring bar,
a Nafion tubing to remove water from purged gas
stream and a quartz tube (15 cm x 0.25¢cm id x 0.5
cm od) packed with 200 mg Tenax sorbent. The
thermodesorption device consists of a quartz tube
(12 cm long, 3 cm id) housing a spiral 10 Q Ni-Cr
resistance wire supplied by a 24 V transformer.
The temperature of the thermodesorption device
was controlled by a PID controller via a
thermocouple located on the surface of the Tenax
trap.

Sample collection

Water samples were collected by directly filling
the 1 L PTFE container bottles from the rain water
and river water at Binh Khanh Ferry Station.
Samples were kept away from sunlight and stored
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at ambient temperature for transportation. The
samples were filtered through GFF (0.45 um x 47
mm, Supelco) or GFF (0.7 pm x 47 mm,
Whatman) membrane and stored at -20 °C for
further analysis.

Fabrication of the purge&trap -
thermodesorption - chromatograph coupled
with atomic fluorescence detector (PT-GC-AFS)

Gas de-humidifer

The sample gas stream containing the analytes
with high humidity and the dried gas stream were
setup to flow in countercurrent for the best
dehumidifying efficiency. This was arranged with
a tube-in-tube model, in which a Nafion tubing (2
mm id) was put inside a polypropylene tubing (6
mm id). The sample gas stream moved inside the
Nafion tubing and the drier gas moved ouside the
Nafion tubing (Fig. 1).

In this study, the Nafion tubing was 2.0 m long,
1.2 mm inner diameter which tolerates for a gas
flow rate up to 200 mL.min* and the flow rates of
compressed air from 0.5 to 2.5 L/min were used.
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Fig. 1. (a) a broken Tenax trap and (b) a typical setup for a
humidifier system with Nafion tubing

Sample purging vessel
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The purging vessel used in this study was a 150
mL — impinger equipped with a very fine porous
glass scrubber which generates very tiny gas
bubbles to maximize the gas-liquid diffusion.

The mixing was enhanced with a magnetic
stirrer. The impinger allowed the sample volume
up to 100 mL thus provided better detection limit.
The flow rate of purge gas was an another
important factor. The higher the flow rate was, the
better efficiency of the purging achieved.
However, the inner diameter of the Nafion
(dehumidifier) tubing and the dimension of the
Tenax trap were the limiting factors.

Trap and thermal desorption

Tenax TA material was used as a sorbent to trap
dialkylmercury compounds. Approximately 200
mg Tenax TA was loaded into a quartz tube (i.d. 3
mm and o.d. 5 mm). Glass wool was plugged at
the two sides of the Tenax material to fix the
sorbent under the pressure of a purged gas through
the trap. The trap was connected with a needle via
a Teflon adapter. This device facilitated the
transfer of carrier gas and desorbed substances
from the trap to GC column. The trap was placed
in the center of a spiral resistance wire. This
resistance wire ensured that within 3 minutes, its
inner space reached 150°C if a voltage of 24 V was
applied. Teflon membane and electrical tape were
used to keep the fitting tight and free from gas leak
(Fig. 2).

The home-made PT-GC-AFS system was a
combination of the impinger, the Tenax trap, the
thermodesorption and the GC-AFS (Fig. 3).

Procedure for in-situ ethylation and purge &
trap

100 mL aqueous solution spiked with < 10 pg
methylmercury (as Hg) was transferred into the
impinger vessel. A portion of 3 mL buffer solution
pH 4.8 made of acetic acid/sodium acetate 3 M and
50 pL NaBEts 1 % were subsequently added to
this vessel. The mixture was magnetically stirred
for 3 minutes for the ethylation reaction to occur.
The volatile ethylated mercury compounds in the
aqueous were purged then trapped on a Tenax TA
sorbent for 30 min. The Tenax trap was then
mounted on the thermodesorption device with its
needdle inserted into the GC injector. The
thermodesorption  device was heated and
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maintained at 150°C for 10 s. The alkylated
mercury species were desorbed and swept with
purified argon stream at a flow rate of 50 mL/min
to the injector. The analytes were then separated

e

on GC column. After the separation, the alkylated
mercury species were thermally atomized at 540°C
in a pyrolyser before detection.

Fig 2. Home-made Tenax trap — GC
interface
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Fig 3. Diagram of PT-GC-AFS

3. RESULTS AND DISCUSSION

Optimisation of the working parameters for
GC-AFS

The working parameters for the gas
chromatograph, the pyrolyzer and the make-up and
shealth flow rates AFS detector were re-optimized
based on previous studies for maximum sensitivity
and best resolution [9].

In this study, argon was used as both “make-up”
gas and sheath gas.

Table 1. Optimized parameters of the GC-AFS

Optimized
Apparatus Parameters conditions
GC Carrier gas 22.7cm/s
Pyrolyzer Temperature 540°C
“Make-up” gas 220 mL/min
AFS detector -
Sheath gas 190 mL/min

A test run with a mixed standard containing
MeHgEt and Et;Hg in hexane (Fig. 4) showed that
the GC-AFS system worked properly.
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Fig 4. Chromatogram of MeHgEt (5.501 pg Hg) and Et,Hg
(5.045 pg Hg) on GC — AFS system
Calibration curves on GC-AFS

Linear calibration curves (Fig. 5) for MeHgEt
and Et,Hg were lr. = 0.4574 MygveetHg) — 0.0552
(R2 =0.9998) and I = 0.3709 MygErHg) + 0.0942
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(R? = 0.9992) of which both were linear between 2
and 12 pg Hg.
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Fig. 5. Calibration curves of MeHgEt and Et,Hg

Water elimination from sample gas stream
Along the excitation and emisson processes
occuring in atomic fluorescence, quenching
process must be taken into consideration because it
reduces and in many cases eliminates the
fluorescent signal. The quenching process is
governed by the type of carrier and sheath gas
used. The order of quenching efficiencies for some
common gases is Ar < H, < H,0 <N, < CO < 0;<
CO2. Among them, water vapour is one of the
most serious quenching agent since it is generated
at large quantities and accompanied with ultratrace

ethylmethylmercury [10]. Furthermore, water
vapour could hinder the retention of
ethylmethylmercury on the Tenax trap. At

ultratrace mercury levels, the hydration should be
effective and be free from contamination and loss
of the analyte as well as maintain the intergrity of
the analyte. Nafion is the most appropriate
dehumidifier material for the requirement.

Nafion is a copolymer of tetrafluoroethylene
(Teflon) and  perfluoro-3,6-dioxa-4-methyl-7-
octenesulfonic acid. Like Teflon, Nafion is highly
resistant to chemical attack, and the presence of
exposed sulfonic acid groups make Nafion tube
excellent in dehydration. Nafion removes water by
the exchange of water vapour from the gas stream
with high humidity at one side through the
membrane to low humidity gas stream (drier gas)
at the other side of the membrane. The exchange
rate follows as the first order kinetic reaction, the
equilibrium is therefore reached quickly (in
miliseconds). The exchange is quite selective for
water vapour, other chemical compounds in the
gas stream are usually unaffected. The drier gas
was compressed air offered low humidity, high
flow rate and low cost (compared to N2 or Ar).

Two separate experiments were conducted for
the optimisation of the device. In the first test, 100
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mL of water was purged continuously in 40
minutes with the aid of a flow of 250 mLmin™*
argon through a moisture trap containing an exact
amount of Mg(ClO4)2. When the purging was
completed, the trapped water on Mg(ClO4), was
determined to be 1.08 g for a purging time of 40
minutes. The amount of water in the purged gas
seriously deteriorated the baseline of the atomic
fluorescence for mercury (Fig. 6). In the second
test, a Nafion tubing was connected in front of the
Mg(ClO4)2 moisture trap and a compressed dry air
flow rates varying from 0.5 to 2.5 L.min. The
gain in weight of Mg(ClO4) trap was not so much
(about 0.0037 g) for the tested flow rates of dry air.
This indicated that Nafion tube was efficient in
removing water from the sample stream. The
efficiency of Nafion was also verified by the AFS
detector. Fig. 6 revealed that beside a slight
increase in signal due to drift in the detector, no
distortion of fluorescent signal caused by water
vapour was detected. According to the producer’s
recommendation, the drying gas flow rates should
be used in a range of 1.5-2.0 L.min™%,
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Fig 6. Background signals (a) without Nafion tube and (b) with
Nafion tube (drying gas 0.5—2.5 L.min?)

Purge gas flow rate and purging time

The following aspects should be taken into
consideration prior to optimizing the flow rate of
the purge gas: the capacity of Nafion tubing, the
back-pressure of the Tenax trap and it’s
breakthrough volume for alkylated mercury
compounds. The manufacturer has recommended
that the maximum flow rate that could be applied
to the Nafion tubing TT-50 is not higher than 250
mL/min. This limited pressure is to assure the
Nafion tubing is not broken during operation.
Generally, the higher flow rates of the purging gas,
the higher back-pressure applied on the sorbent
that could make the trap destroyed and also the
lower breakthough volume. In our system, the
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most relevant flow rates for the stable operation of
the purge &trap system was 160 and 180 mL/min.
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Fig.7. Purging time vs peak area of 5 pg MeHg (as Hg)

Purging time is another important factor that had
to be concerned because there was no internal
standard used to make sure that this process is
reproducible. The results (Fig. 7) showed that at
purging flow rate of 180 mL.min, the purge&trap
of ethylmethyl mercury reach the maximum for the
purging times between 30-45 minutes. Off this
range, the purge&trap efficiency for ethylmethyl
mercury was low. A purging time less than 30
minutes was not long enough to evaporate all
ethylmethyl mercury from the bulb sample
solution. A purging time longer than 45 minutes
made the purging gas exceeded the breakthough
volume of the trap resulting to the elution of
ethylmethyl mercury from the sorbent. The
relevant purging time should therefore be varied
within 30 and 45 minutes to make sure that the
ethylmethyl mercury is efficiently evaporated from
the sample and retained on the Tenax trap.

Trap and thermodesorption

The trap was not linked with GC column when
the accumulation process was taking place. After
the trapping period completed, the syringe — head
(Fig. 8) was then connected to the Tenax tube and
injected to GC system by thermal desorption of the
trap. When the injection was completed, the whole
trap system (Fig.8a) was then moved out of the GC
injector to wait for the following sample.

Gas in

LSensor

Syringe

(b)
( )

Resistance wire

Fig. 8. Tenax trap (a), thermal desorption device (b)

LOD and LOQ estimation

Limit of detection (LOD) and limit of
quantitation (LOQ) were estimated as three and ten
times the standard deviation of the eleven blanks
spiked with small amounts of MeHg, respectively
(Fig. 9). Limit of detection and quantitation were
estimated as 0.48 pg Hg and 0.76 pg Hg,
respectively corresponding to 4.8 ppg and 7.6 ppq
Hg for the purging volume of 100 mL.

Signal (v)

ol R AN R s kil s
0 S0 100 150 200 250 300 350
Time (s)
Fig 9. Overlaid chromatograms of 11 blanks spiked
with 1 pg MeHg
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Calibration curve on purge and trap — GC -
AFS

Calibration curves for MeHg including 8
standards (0.65 pg, 1.18 pg, 3.25 pg, 4.87 pg, 6.49
pg, 11.37 pg, 14.13 pg and 16.24 pg as Hg) of
analyte were prepared. All intensities (as peak
height or peak area) were corrected with blank and
the sensitivity of the instrument was calculated
using the data from which the linear calibration
curve was achieved (Fig. 10).

y=0.3478x - 0.1639
R? = 0.9995

Peak area (V.s)
w
°

0.00 5.00 10.00 15.00
m Hg (pg)

Fig. 10. Calibration curve on PT— GC — AFS system

System quality control

The PT-GC-AFS system was daily checked
using a newly prepared 8 pg MeHg standard (as
Hg) for 20 consecutive working days. The control
chart (Fig. 11) showed that the operating
parameters for the home-made PT-GC-AFS were
successfully controlled.

92 UAL: 9.20 pg

UWL: 8.99 pg

Mean: 8.58 pg

LWL: 8.17 pg

=== LAL: 7.97 pg

0 5 10 15 20
Day

Fig. 11. Quality control chart for MeHg analysis in the home-
made PT-GC-AFS.

Application to water samples prepared from
rain water and river water

The PT-GC-AFS was used to preliminarily
determined MeHg in some water samples
containing low matrices contents such as rain
water and river water. Each sample was conducted
repeatedly 5 times using the home-made PT — GC
— AFS system (Fig. 12). The samples were also
spiked with methylmercury for recovery test and
matrix inteference check. No matrix inteference
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was observed for the MeHg analysis with the PT-
GC-AFS. The concentration of MeHg in the rain
water sample was below the detection limit while
it was 0.0730 £ 0.0022 ppt for the river water
sample.

Vo
-0.50

|
-0.90
\
-1.30
170

0 100 200 300 400
— Binh Khanh River (3pg Hg, spiked as MeHg)
— Binh Khanh River
Rain water (1pg Hg, spiked as MeHg)
— Rain water
Fig. 12. Typical chromatograms for MeHg analysis in rain and
river water samples. The chromatograms are offset for clarity

4. CONCLUSION

A home-made purge&trap and thermo-
desorption — GC-AFS for the detemination of
MeHg at ultra-trace levels was successfully
fabricated. This hyphenated system offers a range
of advantages such as low cost, simple operation,
high sensitivity and good reproducibilty compared
to the state of the art ICP — MS. The system can be
used to analyze MeHg in natural waters samples.
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Thiét ké hé thong suc dudi va bay — giai hap
nhiét két hop sic ky khi dau do huynh
quang nguyén tir dé phan tich siéu vi lugng
methyl thuy ngan
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Tém tit—Phwong phap xac dinh methyl thuy
ngin dwge nghién ciru trén h¢ thong sic ky khi diu
do huynh quang nguyén tir véi kj thuit lam giau
mAu 12 suc dudi va biy. Giao dién ghép ndi hé sic ky
khi va dau do huynh quang nguyen tir dwoc thiét ké
lai dua trén he thong da c6 sin tai phong thi nghlem
Cac thong sb van hanh cia toan b hé thong duge tbi
wu hod va hidu ning phén tich ciia h¢ théng dwoc xac
nhan bing giin dd kiém soat chit lwong vé do nhay.
Phwong phap nay khac biét so véi cac ky thuat khac
do no6 khéng cin phai chiét bing dung mdi cac hop
chét thuy ngan hitu co' ra khéi dung dich nuwéc ma
chii yéu dwa vao sw bay hoi nhanh chéng ciia né
thong qua phan @ng hoia hoc ngay trong ong
impinger. M{t lwong nhét dinh methyl thuy ngin
dugce thém vao binh suc miu chira sin khoing 100
mL nwéc. Hop chat methyl thuy ngan khé bay hoi sé

chuyén thanh hep chét ethylmethyl thuy ngan dé& bay
hoi bing cach cho phian tdng véi  sodium
tetraethylborate tai méi trwong pH 5,0 tao ra béi
dém acetate. Phian wng hoa hoc nay xay ra ngay
trong dng impinger. Hop chit dwgc tao din xuit dé
bay hoi nay sau dé dugc suc dudi bang dong khi Ar
va dwoge 16i cudn dén tich gép trén biy Tenax trong
30 phit. Két thic qua trinh tich g6p, biy duoc giai
héip nhi¢t dé din chét phan tich vao hé thng sic ky
khi cho qua trinh dinh lwgng. Giéi han phat hién ciia
thiét bi 1a 4,8 pg Hg/L. Phwong phip c6 thé dwoc ap
dung dé phan tich methyl thuy ngin trong cic miu
nwée & ham lwong siéu vét.

Tir khéa—sic ky khi, ddu do huynh quang nguyén
tir, methyl thuy ngin, suc dudi va by, ham lwgng,
thitly ngén siéu vét



