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Standard Test Method for
Mercury Sampling and Analysis in Natural Gas by Atomic
Fluorescence Spectroscopy

This standard is issued under the fixed designation D 6350; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope fluorescence which reradiates at the excitation wavelength. The
1.1 This test method covers the determination of totafluorescence radiation is detected by a photomultiplier tube and
mercury in natural gas streams down to 0.001 [fg/th IS directly proportional to the amount of mercury in the cell.
includes procedures to both obtaining a representative sampld1® concentration of the element in the original sample is
and the atomic fluorescence detection of the analyte. Thigbtained by comparison to freshly prepared standards, which
procedure can be applied for both organic and inorgani@® analyzed by direct injection of mercury vapor into the
mercury compounds. instrument at a specified temperature on supported gold traps.
1.2 Both, inch-pound and SI (metric) units of measuremen

. b, Significance and Use
are used throughout this standard. . ]
1.3 This standard does not purport to address all of the 41 This test method can be used to determine the total

safety concerns, if any, associated with its use. It is thdnercury concentration of a natural gas stream down to 0.001

responsibility of the user of this standard to establish appro-H9/ n?. It can be used to assess compliance with environmental
priate safety and health practices and determine the applical®9ulations, predict possible damage to gas plant equipment,
bility of regulatory limitations prior to its use. and monitor the efficiency of mercury removal beds. ,
4.2 The preferred sampling method for mercury collection
2. Referenced Documents is on supported gold sorbent, which allows the element to be
2.1 ASTM Standards: trapped and extracted from the interfering matrix of the gas.

D 3684 Test Method for Total Mercury in Coal by the Thermal desorption of mercury is perforr_ned by raising 'Fhe
Oxygen Bomb Combustion Atomic Methdd temperature of the trap by means of a nichrome wire coiled

D 5954 Test Method for Mercury Sampling and Measure-2round it. o
ment in Natural Ga&s 4.3 Since AFS demonstrates lower detection limits ap-
2.2 1SO Standard: proaching 0.1 pg, this test method avoids difficulties associated
ISO 6978 Determination of Mercury in Natural Gas with prolonged sampling time. Saturation of the trap with
interferants such as hydrogen sulfide#lis avoided. Average
3. Summary of Test Method sampling can range between 15 to 30 min, or less.

3.1 Mercury from the gaseous stream is absorbed ang
preconcentrated onto a gold-coated silica sand trap. The _ )
analyte is desorbed by raising the temperature of the trap, and 2-1 Sampling Equipment _

a flow of inert gas carries the mercury atoms into the cell 9-1.1 Sample probe, equipped with a ball valve of the Type
assembly of an atomic fluorescence spectrophotometer. TrL6 SS, connected to the sampling point is highly recom-
cell is irradiated by a low pressure mercury vapor lamp afmended.

253.652 nm. Excitation of mercury atoms produces resonance 2-1.2 Pressure regulation devices, such as two-stage stain-
less steel pressure regulator, capable of reducing the pressure

from 2000 to 30 psi.
5.1.3 Onl/off and micrometric-type valves capable of regu-
lating the natural gas sample flow rate in the range of 100 to

. Apparatus and Materials

1 This test method is under the jurisdiction of ASTM Committee D-03 on
Gaseous Fuels and is the direct responsibility of Subcommittee D03.05 o

Determination of Special Constituents of Gaseous Fuels. 200 mL/min.
Current edition approved Nov. 10, 1998. Published March 1999. Originally 5.1.4 Stainless steel tubing and compression-type fittings, as
published as D 6350 - 98. required

2 Annual Book of ASTM Standardgol 05.05 . .
2 Available from American National Standards Institute, 11 W. 42nd St., 13th 5.15 Dry or wet flow meter or mtegratlng anemometer to

Floor New York, NY 10036. measure properly the total volume of the gas sample collected.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

A8y D 6350 — 98
“afl

5.1.6 Gold-coated fused silica sand traps. mercury trapping. Sampling will require the use of specific

Note 1—For details on trap preparation refer to Test Method D 5954,pr(;C26d§reS; l(_:onsult appropriate rﬁglljlatlons. . f
the procedure of vapor deposition used in scanning electron microscopy ‘- am_p Ing arrangements wi a\_NayS use a minimum o
(SEM) techniqued,and, ISO 6978, 1993. two sampling gold tubes per location. The recommended

. . sampling setup is shown schematically in Fig. 1.
5.2 Analytical Equipment . .
5.2.1 Atomic Fluorescence Spectrophotometequipped 7._3 Asgemple the parts without connecting the gold_traps, as
with a quartz cell and a mercury lamp capable of irradiating afjep'Cted in Fig. 1. Open the flow of 9as from the main valve
and regulate the pressure down to 30 psi. Open the on/off valve

253.652-nm wavelength. and set an approximate flow of 150 mL/min with the micro-
5.2.2 Chromatography Grade Teflérand Silicon Tubing etric valve adjustment. Check the flow with a dry or bubble

for connections between the thermal desorption system and t . S
AFS. Length, ID, and OD are selected as appropriate. r?f%w meter. Let the system purge for at least 30 min. Purging is

523 Netome Wre(z2 gauge) coled (0 tumsincr) [P0 Secll | e pressre reator g, o
around the traps for the thermal desorption of mercury. P ' 9 purging

. : eriod the better.
5.2.4 Variable Voltage Regulator(rheostat) used in con- P Lo
junction with the nichrome wire for the rapid heating of the /.4 When purging is completed, close the on/off valve and

traps connect both gold traps to the system. Use Tygon tubing or

5.2.5 Temperature-Resistant Rubber Tubiof ¥4 in. (0.06 similar to connect traps together.

. . 7.5 Open the on/off valve again and record the time and the
mrg)z, (éogrcl:e_glrg%éhgéﬁggsvtg?efén?ﬁ;teuz)i 25;%?:%2;&:16%5(3‘3 flow through the traps. Periodically check, every 15 min,

the injection port and mercury-sealed vial. that the flow remains constant throughout the duration of

5.2.7 Constant Temperature Bathapable of regulating the ﬁzwfg?egésgztnrg\s/glrt; ae"::r?]tﬁme%r‘%vgho? 1150?0' ;% ir(])l?]rglélc n;'rré
temperature of a sealed vial of mercury to 250.1°C. 9 piing :

; : PR both readings.
5.2.8 Various Stainless Steel “T” Fittings A
5.2.9 Gastight Syringesfixed or variable volume, in the 7.6 When sampling time has elapsed, close the on/off valve

range of 10 to 500 L. and disconnect the traps. Carefully cap and label them accord-

5.2.10 A Glass Via) 100 mL fitted with a septum to perform ingly (Tube 1 and Tube 2). Accurately record the final time and
as r.nércury container flow data for later calculations.

5.2.11 Chart Recorderor integrator to process a hard copy 8. Calibration of the Instrument (Gaseous Standard)

of the data acquired by the detector. 8.1 Calibration according to the following procedure is

Note 2—Commercially available permeation injection sources, basedecommended since it is easy to perform and results in
on the principle of permeation tubes, can be used instead of gastighttpeatability not exceeding a 10 % range between duplicate
syringes. Permation devices can be used in lieu of gastight syringe-bas%fhawse& (see Footnoté &nd 1SO 6978).

sample introduction. A permiation system can automatically introduce an 8.2 Standards are prepared by injection of different volumes

accurately known amount of mercury vapor onto a gold trap. This is f h head f h yin d led ial

particularly convenient for quantifying low pg amounts of mercury. ~ O! th€ head space from a thermostatted sealed mercury vial.
Injection of the aliquots, usually in the microlitre range, should

6. Reagents be made directly onto a mercury trapping tube, using a T-piece

6.1 Because of the error and contamination that may béhection port and argon gas as carrier. See Fig. 2 for details.

introduced from impurities in the chemicals, the use of high 8.3 All surfaces coming in contact with the mercury vapor
purity reagents is strongly recommended. should be passivated (except the analytical trap) before actual

6.1.1 Mercury Analytical Gradetriple distilled. read.ings can be taken. andition all tub_ing,_ir}strl_Jment con-
_ ) ~ nections, as well as all syringes, by multiple injections of the
Note 3—Warning: Mercury vapor is harmful. Use proper ventilation gaseous mercury vapor head space contained in the
when handiing. _ _ temperature-controlled mercury vial.
6.2 Argon Gas ultra high purity grade (UHP 99.999 %). 8.4 The concentration of a particular aliquot, taken with a

Nore 4—For the permeation injection source procedure, certifiedd@Stight syringe, can be calculated by the following equation of
mercury permeation tubes are commercially available. Tubes can also date of real gases:
prepared and calibrated by comparison to syringe injection or by weight log(ng/mL) = (—3104/K) + 11.709 1)
loss, over time, using an analytical balance with a resolutioh@f1 mg.

. where:

7. Sampling Procedure K = Mercury temperature in Kelvins.

7.1 Every effort should be made to ensure that the sample is For instance, a 100-uL withdrawal of the head space over
representative of the gas source from which it is taken. Se|e¢ﬁercury at 24°C will result in an absolute mercury concentra-
always the best and more representative sampling point fafon of 1.83 ng on the gold trap.

5 Dumarey, R., Temmerman, E., Dams, R., and Hoste, J., “The Accuracy of the
4 Fitzgerald, W.F., and Gill, G.A. “Subnanogram Determination of Mercury by Vapour-Injection Calibration Method for the Determination of Mercury by
Two-Stage Gold Amalgamation and Gas Phase Detection Applied to Atmospheriémalgamation/Cold-Vapor Atomic Absorption Spectrometmiialytica Chimica
Analysis,” Analytical Chemistry11, 1714, 1979. Acta, 170, (1985), pp. 341-346.
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FIG. 1 Diagram of Sampling Arrangement with Gold-Coated Silica Sand Traps Installation

GAS LINE

8.5 The analytical system should be assembled using minthe trap into the detector inlet. Field traps must be connected to
mal length of high density Teflon tubing. The carrier gas flowthe system in the reverse direction of flow used in sampling the
should be carefully controlled using a rotameter, mass flowatural gas stream.

control_ler, or othe_r equivalent device at 100 to 150 mL/min g 5 The trap must pass through the coiled nichrome wire, for
(see Fig. 2 an_d F_|g. 3). . easy in-and-out installation procedure. The coil has to fit
be?(.)?eA:tertilrr:Jgeiﬂzn h(ga'i?r?g S;?Z?ear%oﬂm&Ozugr;nfltg’welzgs‘oenaround the trap tight enough to provide sufficient contact for

' acceptable heat transfer, but leave enough room for the trap to

tt)h;ggl?:ethe trap during this waiting period to establish a flatSliole in and out with ease.

8.7 Start the heating cycle by turning on the voltage 9-3 Set the appropriate parameters in the detector unit and
regulator. The nichrome wire will start to heat rapidly. Whenon the integrator system, such as threshold, peak width, area
properly adjusted, it can reach 550°C in less than 40 s without€ject, and other parameters.
the risk of burning the heater wire. 9.4 Start the integrator and wait for at least 30 s, baseline

8.8 A chart recorder, integrator, or computer (with appro-should be straight and present low noise levels (noise must not
priate peak processing software) must be connected at all timeceedys the signal expected for 1-pg standard). Turn on the
to the signal output of the fluorescence detector to obtain a hakghitage regulator; a minimum temperature of 550°C must be
copy of peak (see Fig. 2 and Fig. 3). achieved in 40 to 50 s. Absorbed mercury will evolve from the

Note 5—The temperature of the mercury vial must be kept at a valurap and be detected. An integrator, chart recorder, or computer
of 25 + 0.1°C with the use of a thermostatic bath and a certified NISTsoftware will record the detector response. Under appropriate

traceable thermometer. The vapor pressure of mercury is Slgnlflcantltondluons and normal ConcentratlonS, typlcal peaks W|” Span
impacted by small temperature changes. Therefore, sufficient therm%O t0 50 s

reequilibration time is required between headspace samplings. ) )
9.5 Leave the heating filament hot for a few more seconds to

9. Analytical Procedure ensure that all the mercury has evolve from the trap. Turn the
9.1 For sample analysis, connect the field trap on thevoltage regulator and the integrator off. With an auxiliary air
analysis train as decipted in Fig. 2. Argon must flow throughline rapidly cool the outside surface of the trap and filament.
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FIG. 2 Diagram of Mercury Calibration Using Syringe Injection Followed by Thermal Desorption from Gold Traps and AFS Detection

Remove the analyzed tube (which is now clean and free from 10.2 Check the correlation coefficiertt for the curve. The
mercury) and repeat Steps 1 through 5 on the remaining sampl@lue should be at least 0.99 or higher and is calculated as
tube traps. follows:

9.6 As part of the QA/QC program recommended for this
method, a standard is introduced onto a trap used for sample r2
analysis. After recovering mercury from a trap, a known
amount of mercury vapor is introduced onto the trap andwhere:
desorbed into the analytic system. Percent recoveries arg
calculated based upon the amount of mercury introduced ontoXi
the trap and the amount determined by this method. Any
acceptable recovery is typically greater than 95 % of theYi
introduced amount. X average value for all standards, and

9.7 When using the permation injection source techniqueY average response value of standards.
either for routine calibration or analysis, or both, the system 10.3 Obtain the linear least square fit equation in the form:
must be installed as depicted in Fig. 3. y =mx+b 3

(2 xy)?

T 20 Gy @)

Xi - X,

amount of mercury in the standard,

Yi-vy,

response value, in arbitrary units, of the standard,

10. Calculation where:

10.1 Sample concentration is calculated from linear calibra-Y = T€Sponse in arbitrary units given by the integrator,
tion curve obtained experimentally from the set of standards.X almountfo; mlt?rcury in the unkn?jwn,
10.1.1 Plot the net response (in arbitrary units) given by the!" tshope oft .et meartequauon, an
integrator, for each standard, as thaxis versus the amount of €y axis Intercept. ]
mercury (concentration) of each standard as xhexis, to The valuesm andb are calculated as follows:
generate a calibration curve. m= Sxy/3x 4)
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FIG. 3 Diagram of Mercury Calibration Using Permation Injection Source Followed by Thermal Desorption from Gold Traps and AFS

Detection
b=y—mx (5) 10.7 Report the results to the nearest 0.001 fig/m
10.4 Calculate the concentration of the unknown samgle [ o .
from Eq 2: 11. Precision and Bias
[X] = y/m—b 6) 11.1 Repeatability—The data shown in Table 1 indicate that
10.5 Finally, calculate the mercury concentration in (&/m results obtained by thg same operator wlth the same apparatus
in thé as san,1 le: under constant operating conditions on identical test materials
9 pie: would not in the normal and correct operation of the test
[x] method differ by more than 5 % of their mean value.
M ,ugind =<+ 7 o . . .
ereury, i \ ) 11.2 Reproducibility—Data are not available to obtain reli-
where: able reproducibility information.
x| = "concentration of mercury in ng from the linear regres- 11.3 Bias—Since there is not certified reference material
sion see Eq 2 and suitable for determining the bias for the procedure in this test
V = volume of sampled gas in litres. method, bias cannot be determined.

10.6 Calculate the concentration of each individual trap
separately to determine possible break through of mercury2- Keywords
from Trap 1 to Trap 2. Final concentration is determined by the 12.1 atomic fluorescence spectroscopy; gold sorbent; mer-
addition of both results. cury sampling; natural gas

TABLE 1 Repeatability of Five Consecutive Injections of Mercury Standards at Different Concentration Levels

Note 1—Showing mean value, standard deviation, and relative standard deviation.

Mercury, ng Run 14 Run 24 Run 34 Run 44 Run 54 Mean” STD %RSD
0.056 508 479 530 602 558 887 565 321 511 222 534 902 26 353 4.93
0.11 1091 853 1092 025 1160471 1128 586 1018 586 1098 304 52 957 4.82
0.226 2142 293 2208 301 2038 435 2 064 089 2011 783 2092 980 80 829 3.86

AArea counts.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



