Method 282.3 The Determination of Tributyltin Chioride in Marine and Frash
Waters by Liquid-Solid Extraction (LSE) and Gas Chromatography
with Electron-Capturs Dataction [BL/ECD).
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if:]) Extract from Laboratory Reagent Blank

{e] Extract From Sea Water Containing 0.05 wug/t Tributyitin Chloride



1. Scope and Applicatign

1.1 This methed describes Tiguid-selid extraction {LSE) proceduras
(1,2} for a particular dissalved organotin species in marine and
fresh waters followed by gas chromatography with electron-capture
detection (GCFECO) (1.3-5).

Chemical Abstract Services
Anglyte _Reqistry Nuymber (CASRN)
Tributyltin Chlaride 1461-22-9

1.2. The analytical ramge has been werified to be lipear from 1 ngsL
to 100 uwg/L of tributyltin chioride as 3n.

1.3, Quantitative measurements can be gbtained by gemerating am
"gxternal’ calibration curve, ar preferably by
pracontentrating/extracting the aquepsus standards in the same
manner as the <amples.

[.4. Thit method has been evaluated inm a single laboratory and a method
detection 1imit {MOL) has been determined. Observed detection
limits will vary with sample types depending on the mature of the
interferences in the sample matrix, the particular extraction
deyice and the specific instrumentation wsed. For this work the
MOL was determined to be 6.7 parts-per-trillion of anialyte as
tributyitin.

1.8. This method should be used by analysts experienced im L3E, and the
uie of GC and in the interpretation of gis chromatograms.

2. Summary of Method

2.1. Samples comtaining 1-2% methanol {100 ab - 250 mL} adjusted to pk
4. 5 are passed through ane milliliter, 100 milligram octadecyl L5E
columns or Teflon enmeshed extraction disks at a rate of 5 mL/min.
The extraction devices are air dried and subsequently placed in a
desiccator for a least ong hour, bo #nsure that all traces of
water have been remgvad from the adsorbent. The analyte is
desorbed with acidified =thy]l acetate (HC1) inte & calibrated GO
glass sample vial. The #luent is then adjusted to 2 final volume
of 0.5 mL with ethy! acetate (HC1). The sample extract is
refrigerated avernight (4°C) in order to aliow s@lution
equilibratign. The tin analyte is determined by capillary colume
GC using electron capture detection (ECO).

3., QOefinitions

3.1. Fileld duplicate {F01 and FDZ)--Two separate samples collected at
the $ame time and placed under identical circumstances and traited
exactly the same throughout field and laboratory procedures.
Analyses of FDI1 and FDZ give a measure of Lhe precision assoctzied



with sample collection, preservation and storage, as well as with
laboratory procedyres,

Field reagent blank (FRB}--Reagent water placed in a sample
container in the laboratory and treated as a sample in all
respects, inctud!ng exposure to sampling site conditisns, storage,
preservation and all analytical procedures. The purpose of the
FRE is top determine 1f method 2nalytes or other interferences zre
presant in the figld environment.

Labaratory duplicates (LD] &nd LD2)--Two sample aliguots taken in
the analytical laboratory and analyzed separately with ideniigil
procedures. Analyses of LDl and LOZ give & measure of Lhe
precision associated with laboratory procedures, but net with
sample cellection, preservation, or storage procedures,

Laboratary Fortified Blank {LFB}--An aligquot of reagent water to
which known quantities of the method analytes are added in the
laboratory. The LFB 1% andlyzed axactly 1ike 2 sampla, and its
purpose is to determing whether the mathodology i3 in contral, and
whethar the laboratory iz capable of making accurate and precise
measurements at the reguired detestion Timit.

Liboratory performance check salution [(LPC}--A solution oFf mathod
analytes used to avaluate the performance of the GC ingtrumant
system with respact to a2 defined set of method criteria.

Laboratory reagent blank (LRKB}--An ailiguet of reagent water Lhak
{s treated exactly a5 2 sample. It is exposed ta all the
glassware, liquid-solid extraction columns and dicks, method
salvents, and reagants that are used with gther samples. The
purpose of the LEB {5 to determine if methed analytes or other
interferences are presenat in the Vaboratory envirgnment. the
reagents, or the apparitus.

Laboratory fortified sample matrix [LFM}--An aliguot of am
environmental sample to which known guantities of the method
analytes are added in the laboratory. The LFM is analyzed exactly
Tike a sample, and {ts purpose is to determine whether the zample
matrix contributes bias teo the amalytical results. The background
concantratiens of the analytes in the sample matrix must he
detarmined in a $eparate aliquot and the measured valuas in the
LFM corrected for background concentrations. '

Primary dilution standiard solutien. -A& selution of a single analyte
or several analytes prepared n the labaratory from stock standard

salutions and diluted as needed L¢ prepare calibration soiutions
and fortified blarks.

Stock standard solution- A cancentrated solution <ontaining a
single certified stamdard that is a method anmalyte, or 2
concentrated solution of a3 single analyte prepared in the
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3.18.

d.11.

laboratory with an assayed raference compound. Stock standard
solutions are used to prepare primary dilutiom standards.

Calibration standard (CAL)}--A solution prepared from the primary
diluttan standard saiution and/or stock standard solution. The
CAL solufions are used to calibrate the instrument to respanse
with respact to analyte concentration.

Quality centrsl sample [QCS)--A sample matri® contzining method
analytes ar a solution of method analyte:s in & water miscible
salvent which 15 usad to Fortify reagent water or anvironmental
zamples. The QCS 1s gbtained from a soyrce external to the
labaratory, and ts issued to check laboratory perfarmance with
externally prepared tast materials.

Speciation-.The determination of specific individual phycico-
chemical farms of an alement.

Organumetal Tic compounds--Campounds in which the carbon atoms of
organic groups are bound to metal atoms.

Ligquid 5olid Extract{ion {L5E)--A sample preparation technigque
bazed on the saparation mechanisms of Yiguid chromatography {LL).
The solubility and functianal group interactions of sample,
sorbent and solvent are cptimized to effact extraction and/or
elutian. Also, mare commonly known at solid-phate axtraction

LSPE).

Intarferéncas

q.1.

Intarfarences in this method may be caused by contaminants im
solvents, reagents, glassware, Teflom and polycarbomate bottles,
11quid-sglid extraction cotumns and disks and other sample
processing apparatus that lead to artifacts or elevated bagelines
in gas chromatograms. ATl reagents and apparatuos must be
routinely demonstrated to be frese from interferences under the
conditions of the analysis by running Field and laboratory reagent
blanks, inciuding sxtracts of precondttioned columns.

4.1.1. Glasswira, Teflon and polycarbonate bottles must be
scrupulously cleamed. All glassware, Teflon and
poiycarhonate bottles should be soaked n S0% nitric 4<id
and rinsed thoroughly with organic free deionized,
distilled water.

4.1.2. The glassware, Teflan and polycarbonate botilas used for
arganometal selution preparation and storage should be
sealed and stored containing detonized, distilled water.

4.]1.3. Tha use of high purity reagents and solvents halps to

minimize intarference prablems. Purification of <olvénts
by distillation in all.glass systems way be required.

3
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4.1.3.1.

Tha extracting solvent, ethy? acetate, may
cantain impurities, e.g.., preservatives, etc,
and/ar water which may give rise to extraneous
peaks and exacerbats the thermal sensitivity of
TBT chloride by enhancing 1ts degradation in the
injaction port Tiner. Solvent blanks should be
analyzed for each naw bottle gr soivent hefore
use. An interferance free salvent 15 3 salvenmt
containing no peaks yiglding data at 0.5 times
the HIL and at the retentton times of the
analytes of interest. Indirect daily checks an
the gxtracting sclvent are obtained by
monitaring laboratory reagent blanks (3.8} and
periodically monitoring the solvent by cbtaining
solvent blank chromatograms, Whenewver &n
interference 15 noted in the laboratory reagent
tlank, either impurity pedks or a depredsed
analytical sigmal, the analyst should analwze
another solvent blank. Generally, iow lawel
intaprferences can be removed by solvent
radistillation. The solvent container shaould be
kapt tightly closed to minimize axpocure to
mofsture. Additionally, to insure a “diey"
sofvant the npm-acidified ethyl acotate may ba
passed through 2 sodiom sulfate drying column,
preferably just prior fo use.

Liguid solid extraction columns and 41sks may containm
interfering impurities (Figurat ja and 1b) which can be
axtracted by the solvent. Additionally, sample water
retained 1n the colummn intersticas cam give rite to 2
negative interference, 1.e., the analyte signal decreases
in magnitude over time (Section 4.1.3.1.]).

4.1.49.1

Ethyl acetate can extract compgunds from the
polypropylene housing, polyethylensg frit. and
the C-18 bonded porous silica of the liquid-
sglid Extraction cartridges. Phthalates,
quinones, alkames, cresels, etc. have been
fdentified im column Extracts {h). A
representative numbar of columns in 4 given
bateh [Tet} ikheuld be analyzed before use. An
interference free column 15 a column Containing
ng peaks yielding data at 0.5 times the MOL at
the retention time of interest. VYariability an
background betwaen column lots and within a
particular ¢glumn nacessitates careful checking
of column performance via analyses of column
extiracts,

Water must be completely remaved from the
Fiquid-solid extraction cartridges and Jishke.
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Eafuty
5.1.

Watgr 2i1ds im the thermal decompesition of
tributyltin {TAT) reésulting in decreassed analyte
response. The extraction deyices should be air-
driad and placad 1r a desiccator for an extended
peripd of tima [Table 3).

4.1.5. Syringes, and splitless injection port limers must be
cleaned cargfully, re-silanized {if appropriate], andior
replaced as needed.

4.1.5 1. At the end of sach day"s analyses it is
recommended that a solvent blank be analyzed.
The solvent Blank should effectively clean the
syringe and remove trace amounts of TAT
chloride. TBT chloride has been found to be
incompatible with some solvents, e.g..
methyltert-butyl ether (MTBE]. The syringes
tend to "freeze® and require fregquent cleaning.

4.1.5%.2. 5Splitless injection pert liner:s hawve a finite
1ife and should be checked freguently. Aging of
the injectian port liner is indicated by
dimtnished peak height and significant peak
broadening (T.B}. [t {5 recommended that the
1imer be changed or re-silantIled avery threa
days. However, usaful lines lTife may depend on
a) Frequency of analyses, b} concentration of
the arqganstin analyta, etc.

4.1.6. Interfering contamination {carry over) {see 2.3.1.} may
alsa gccor whan a sample containing low concentrations of
anmalytes ts analyzed immediately follewing a sample
containing relatively high cancentrations of aralytes. A
pravantive technigue 15 between-sample rinsing of the
wyringe. Aftar analysis of a sample containing high
concentrations of analytes, one or more laboratery reagent
blanks should be analyzed.

4.1.7. Matrix tnterferences may be caused by contaminmants that
ar¢ present in the sample.  The extent of matrix
interference will vary considerably from source to sopurce,
depending upon the sample type.

The toxicity or carcinogenicity of each reagent chemical used in
this method has not been precisely defined; each chemical should be
treated as a potential health hazard, and exposure to these
chemicals should be minimized. C€ach laboratory 15 responsible for
maintaining & current awareness File of O3HA regulations regarding
the safe handling of chemicals wzed in this method. A reference
file of material safety data should also be made available to all
personnel invelved in the chemical analysis. Additional references
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1.2,

5.3,

5.4,

-
5.8,

(2-11) ta labpratory safety should bm 1dentified and made availzble
for the information of ths persennel using this method.

Tributyltin (TBT) chlaride 15 an extremely toxic substanmce {12,
13). Pure standard material [1iguid) and stock standard solutions
of this compound should be handled with suitable protection to
skin, eves, afr,

5.2.1. In the gvent oF aya exposurée - flush with copigus amounts
af water.

5.2.2.  In the event of skin exposure - remove any contaminated
clothing and flood skin with Targe volumes of water.

§.2.3. Ln the event of accidental ingestion - saek medical
attention proamptly.

TBT chlaride should be kept away from heat, sparks or gpen Flames,
ft ix a COMBUSTIBLE LIQUIL. .in contact with acid or acid fumes,
highly toxic chioride fumes can be emittaeg.

TBT chluride spills should be cavered with dry sand ar dry
vermicul ite, mixed well and transferred to specially marked
containers,

Solution pH adjustments ihould be made in the hood.

Disposal of waste [salvents, analyte{s), etc.) from the system
should be according to iocal regulatians.

Apparatus and Equipment (411 specifications are suggested.)

B.1.

&.2.

6.3.

6.4,

Sample cortainers-- Ona 17ter polycarbonate, Teflon, or amber glass
botties fitted with Teflon-11ned or polycarbonate lined screw caps.
Botties in which high purity solvents were received can be used as
sample containers. These bottles éust be tharoughly cleaned,
seated and stored comtaining deionized, distilied water priar to
use,

Balances

h.&. 1. Analytical, capable of accurately weighing to the nearest
0.1l mg.

B.2.2. General purpose laboratory, metric, suggest avtomatic
talibration, full-range taring, readability to 0.0] g.

pH metar--Laboratory, capable of measuring to at least §G.01 pH
units.

Filtration Apparatus.



5.4.1. Macro Filtration--To filter sample waters. LUse 250 ml
glass reservoir [connects to lL botile or vacuum Flaszk}],
Furmel base and stopper, clamp, 55 holder, s<reen and
Teflon gaskets (Figure 2). Recommend using 47 mm filter
{Millipare Type HA, Q.45 umj.

& 4.7, Laboratory or aspitrator vacuum system. Sufficient
capacity to maintain a $1ight vacuum of 13 cm (3 in) of
mercury in the wvacuum flask.

6.5. WYolumatric flasks, warious siZes.
£ &. Beakers, various sizes,
£.7. Liguid-5olid Extraction Apparatus.

6§.7.1. LSE colutn processor-vacuum manifold (stainles: steel
basin], vacuum hase Fitting, cover with luer fittings and
gaskat], wacuum gauge contraller, vacuum manifold luer
plugs (Ftgure 3a) or equivalent.

6.7.1.1. Glass microanalysis (Filter] holder, 25 mm
(Filter sizel, 2.1 em-filtration area,
graduated volume-15 mL, removable stainless-
ztenl mesh support screen and FTFE gasket.
Modifimd to Fit column processor {Figure 3b) or
usad in am arrangement analogous to Figure 2,

£.7.1.2. 304 statnlass steel syringe {pressure Filter}
holder, 25 om (Figure 4). Shguld accommadate 4
syringe with Tuer fittings, also accepts L5E
column/cartridges for gasy interfacing to
cniﬁgr processar vacuum manifald. {Female LUER-
LOE® - inlat and male Tuer slip outlet].
thauld have a stainless-sizel sopport screen,
PTFE gaskets and o-rings. {an also be uted in
arrangementiﬁpa1ugaus te Figure 2 with a No. 13-
70 LUER-LOX W syringe aeedle, to accommodate
lzboratory/aspirator vacuum 5ystETmur manual
sample Yoading via metal LUER-LOK™ tipped glass
syringe.

6.7.1.2.1. Syringe-.glass with LueR-LoK T 11p,
30 mL.

5.7.7. Extraction Column Redervorrs, 75 mL.
&.7.3. Fxtractien Column Bdaptors, 1,36 ml.

6.8. Digita] Automatic Pipettes, variable volumes,



2.9,

£ 8.1. Disposable pipette tips, sizes: 1-100 w1, 10-1000 ul.
has Chromatography System

6.9.1. The G{ must be capable of temperature programming and
aquipped with 2 linearized slactron captura detector,
fusaed silica capillary column, and splitiess injector, An
auto-sampler/injector is desivable. An gn-columa injegtor
system may be an alternative to splitless imjectian
hecause tributyltin compounds are thermally sensitive and
may dacompose in the injection port limer. Additionally,
in the presence of residual water thermal decompesition s
ephanced. MOTE: Element selectivesspecific detectian,
e.g., atomic absorption spectrometry. induction-coupled
plasma spectrometry, induction-coupled plasma/mass
spactrometry couplad with ion chromategraphy (IC} ar
Tiquid chromatography (LC} may be acceptable altermakives
to electron-capture detection.

£.9.2. GC analyttcal cﬂfdmn

6 9.2.1., Fused $11ica capillary column., Any capillary
column that provides adequate resolution.
capacity, accuracy, and precision can be used.
Am X 0.32mm . d. column with a 0,25 am
{bonded} film thicknmss ts recammended. {J & W
DB-1 or equivalent).

8.9.3. GC syringes

6.9.3.1. Micro liter syringefs) - FQ ml, HMamiltom TOIN
series or equivalent.

Reagents and Consumable Materials

7.1

F.2.

1.3
7.4,
T.5.

Helium carrier gas and 5% mathane in argen [make-up) gas, as
contaminant free as possihla.

Ethyl Acetata (CAS-141-78-6)--Spectrophotomeétry or Gas
Chromatography grade. It may be necessary to redista11 the solvenrt

if impurities are observed which ¢o-eluta {interfere) with the
analyte of interest,

7.2.1. acidified ethyl acetate: 15 gl of 20 HCY/50 mbL satvant.
Methangl [CAS-67-56-1)--High purity salvent,
fcetie acid, Glacial [CAS &4-19-7)-.Ultrex grade for pH adjustment .

fmmonium hydroxide [CAS-1336-21-6)--Ultrex grade, 0%, for pH
agjustment.



7.6,

E

F.B.

7.9

L

Hydrachiorie acid (CAS-7647-01-Q)--Utrex grade, for preparation of
acidified ethyl acetate: 15 wl of 20K HMCY/50 mbL solvent.

Osionized, distilied water (CAS-7V32-18-5}--Prapared by passing
distiiled water through mized bed cation and anion exchange reging.
This water was adjusted to pH 4.5 (7.4 and 7.5). In this method.
this tarm will he used intarchangeably with reagent watar. Water
in which an tntarference is not observed at the method datection
limit {MOL) of the compeund of interast.

Stock standard solution (100 ug/mi)--Tributyltin chloride as tin
(Sn}. Tributyitin chloride, 95 « %, Yiquid, d. I.207%% (CAS-1461-
22-9}. An individual solution of analyte {s prepared by dissolving
6.8 ul in 250 mL of methanal {?.3}. The neat liquid srjanametai
is ptpetted into a 250 mL acid cleanedfpre-aged volumetric flask
and diTuted to voiume. Transfer this soTurion to a 250 mL Teflan
bottle and refrigerate {4°C) in the dark. This solution can be
stored and used for at Jeast six months,

Primary dilutior standard solution (10 pg/mL)--The stock standard
solution is diluted further with methanol ta prepare a 10 wg/mL
solution. Pipet 1 mL into 2 10 mL volumetric flask and dilute to
volume with methanal.

. Secondary dilution standard salution (1 ug/ml)--Pipet 100 ul of

the primary dilution standard sotutian inte a 10 mL volumetric
Flask and dilute to volume with methans!. Hote: Further diluticns
as needed should be made to prepare less concentrated standard
csolutions. Minimile the gqeneration of excess organctin waste by
using smalt volumes; i.8., 210 L.

. Calibration Spiutipms--A series of calibration solutions [working

standards) are prepared by pipetting the appropriate volume and
concentration of standard solutien and diluting to 10 mL with
acidified ethyl acetate [7.68]. Frepared external calibration
solutions ranga from O to 100 ppb of analyte. These salutians
should be refrigerated and stored in the dark until wsed. These
solutions should remain tightly closed to minimize evaporation.
HAMOLE WITH CARE.

Extracted external stamdard solutions--Prepare the calibration
standards in water (¥.7) to be taken through the Tigquid salid
extraction [L3E) procedure. Assume 1000 extractiom efficiency and
prepare calibration standards to cover the range from | ppb to 100
ppb of analyte. For exampie, 2 100 mL sample solutien cantaining

4.1 ng/mL of analyte when sxtracted, eluted, and brought to a Final

valume of 0.5 mL in acidified ethyl acetate should yield a signal
aguivalant to a 20 ng/mlL solution.



HOTE: It is recommended that the calibration standards be taken
through the L5E procedure for quantitation of the zralyte. This
carretts for losses in extraction and concentration.

. Liquid-solid extraction cartridges (colwmns! and disks.

7.13.1. The ¢atumns are comprised of polypropylena sample
reservairs, and polyethylene fritted disks. The columns
should mot contain adipates, gquinones, ghennls,
phthalates, siloxanes, and cresgls, ete. that can be
axtracted from the piastic by the eluting =otvent. The
columns are prepacked with approximately 100 mg of silica
gel bonded phase [C-18) wmaterial. The packing shoutd have
a narrow &tze distributian and should not Teach any
organic compounds into athyl acetate. One hundred
milliliters of water should pass through the columm im
about 20 minutes with the assistance of a =light wvacuum.

7.13.2. Polymar-based extractign columns have the szme
specificatians as thetr silicy based counterparts. The
same rastrictians also apply for the leaching/extraction
of certain ur?anic plasticizgars, One hundred milVliliters
of water should pass through the column in about 2%
hours., This, hgwever, 15 dépendent on the degree of
Cross-Tinking,

F.13.3. Teflan enmeshed filter disks feature chemically bonded
$1lica partictes enmeshed in an inert PTFE matrix Lo
create 2 mechanically stable sorbent disk. The 25 mm disk
should pass 100 ol of sample in approximately 20 minutes
with the asststange of a 31ight vacuum.

. Sample Collection Preservatich and Handling

a.1.

Sampla collection. Samples should ba collected in pre-aged
polycarbonate or glass containers. A1l samples should be collected
in duplicate. The containers should not be pre-rinsed with sample
prior to collectien.

g.1.1. When sampling from & water tap, open the tap and allow the
system to flush until the water temperature has
stabilized. Adjust the flow to about 500 mifmin. and
coilect duplicate samples from the flowing stream.

8.1.2. When zampling from an open body of wiater {(fresh or sea
watér)], Fil1l the sample contiiner with witer from a
reprasentative area. Sampling eguipment, including
automatic samplers, musit be free of plaitic tubing and
asther components that may Tedach interfarents inteo the
water. Automatic samples that composite samples ovar tima

19



8.2.

B.3.

8.4,

should use refrigerated polycarbonate or glass sample
containers (14-168).

Sample preservation. Al samples should be iced ar refrigerated at
4°C from tha time of collection until filtration. The samples
should be Filtered a5 toan ac potzible (Figure 2) uponm Teturn to
the Taborataory.

Holding time{s). Samples should te anelyled immediately. IF
immegdiate sample inalysis 15 not possible, the pH of the sample
shoutd be adjusted to 4.5 (optimum pH for analyte extractign},
with subsequent refrigerition at 4°C. The maximum sample [aquenus)
holding time should ha 2 days,

231, Alternate. [t {5 recommended that sample filtration, pH
adjustment and extraction be performed upon imnediate
return to the laboratery. Laboratory studies confirm the
extraction, storage and preservation of tributyltin on
column For at least ome manth. Note: The implicatioms
are that LSE of TBT is amenable to field sampling.
gxtraction [preconcentration}, stordge and preservation.

Field Blanks

f#.4.1. Processing of 4 field reagent Blank (FRE} i3 recommended
along with each sample set, which is composed of the
samples collected from the same general sample sile at
approximately the same time, At the laboratory, fill a
tample contatner with reagent water, seal and ship to the
sampling site along with the empty zample rontatners.
Return the FRE to the laboratory with Filled sample
bottles.

NOTE: The pravention of contamination and losses are of
paramount importance in TBT speciation and
analysis. Potential sources of contamination in
the Taboratory enviranment are: dust, reagant
impurities and sample contact with the laboratory
apparatus (resuttiing in contamination by leaching
or surface desarption). Depletion wia adsorption
{14-18] should also be strangly considered.

4, calibration and Standardization

9.1,

Demonstration and decumentation of acceptable imitial calibration
is required befora any samptes are analyzed and i5 required
intermittently throughout sample analysis as indicated by results
of continuing calibration checks, Aftar {initial calibration is
successful, a continuing calibratien check is required at the
baginning of each & hour pEricd during which analysies are
performed. Additional perindic calibration checks are gaod
laboratery practice.

11



o.Z.

9.1.

9.4,

9.5.

Establish GC/ECE pperating conditions equivalent to those indicated
in Tables ] and 2. Calibrate the GL system using the external
stangard techniques or usa the preferred technigue, i.e., rarry the
aquesus standards through the LSE extraction procedurs [Appendix
1), then calibrate with the “extracted” standards.

Frior ta calibration, the GC system must be conditioned. Column
conditioning and injectign port liner conditioming are a
prerequisite for stable and reproducible amalytical measuremeats.
System conditisning thould be done each day that analyses are to De
performaed.

9.3.1. The conditioning solution should be at least 100 ppb
tributyltin [TBT) as tin. {&nalysts may <omvert this
value to reflect the intrinsic entity TET if desired).
Lower comcentrations will prelang the length of time
needed for conditioning {require more injections).
Following conditicning, Tabaratory reagent blanks should
be rin to determine whether carry over will be a problem
in zubsequent sample apalyses.

Externmal Standard Calibration Procedure

9.4,1, An extermal standard 45 a known amoont of 3 pure compoond
that 4% analyzed with the same procedures and conditioms
used to amalyze samples containing that compound. From
measured detector responses to known amounts of the
external standard, 3 concentration of that sample compounc
can be calculated from measured detectar response to thas
compound in 2 sample.

standards Carried Through the L3E Procedure

9.5.1. Standards carried thraugh the LSE procedure provide sn
{nherant correction for recoveries, bacause they are
precancentrated in the $ame manner as the samples,

9.5.1.1. The standard: should be prepared in analyte free
solutions that resemble the agueous matriz of
the sample as clesely as possible.

9.5.1.2. The volume of the standard should be idontical
to the volume of the sample(s) to be
extracted/concentratead.

9.5.1.1. The recopveries of the standards should bracket
the expected concentration range of the stamples.
HOTE: Esxternal standards may ha used to check
the "extracted” standards’ cyrve. [See 9.8).



9.6,

9.7,

9._8.

9.9.

9.5.1.4. The standards’ extract should be diluted to 3
known, predeatarmined volume (Tabla 3).

9.5.1.5. From measured detector responses to known
amounts of the standards., the concentration of a
sample compound can be calculated from its
measured detector response in the sampls.

At least three calibration standards are neaded. One should
contain the analytes at a conceéntration neéar to, but greater tham,
the method detecticon 1imit For the compound: the other twd sheyld
brackat the concentration range expected in the samples, or Jdefine
the working range of the detector. For example, if the HMDL i3

1.0 ng/L, and a sample is expected to contain approximately 5 mg/L.
standards should be preapared at concantration of 2.0 ngfl, 5.0
ng/L, and 10.0 ng/L.

Preparation of Calibratian Stamdards

§.7.1. To prepare an external ecalibration standard, add an
approprizte volume of each secondary dilution standard to
acidified ethyl acetate in a 10 mL volumeteic flask and
fi11 to the mark. #Mix by inverting sevaral times.

9.7.2. To prepare standards to be carried through the LSE
procedure, add an appropriate volume of mach secondary
dilution standard to solutions thit claosely mimic the
sample matrix.

Inject # ul of each calibration standard and tabulate peak heights
or ared response wversus the concentration of the stamdard. The
resylts are to be used to prepare a calibration curve For each
analyte by plattting the peak height or area versus the
concentration.

The working calibration curve must be verified an each working day
by the measurement of ong or more calibration standards {and
when/1f the injection liner 15 changed between amalyses). 1f the
response for the analyte varies from the response predictoed by the
calibration curve {9.8.) by more than + 1U%, the fest must be
repeated using 2 Fresh calibration standard. [Ff the results £till
do not agree. 1.e., the respansa is off by more thian & 10%,
gensrate a naw cazlibration curve for each analyte. ({Assuming that
the injection 1iner has become "activated,” the apalyst should
change it before procesding further}. Uswally the liner can be
used 3 to 4 days before its response begins to deteriorate.

. Some possible remedial actions.

9.]10.1. Check and adjust GC operating conditions,

13



9.10.2 Clean and/or replace the splittass injectign port liner;
silanize injection part liner for later use.

9.10.3. Flush the GC column with selvent according Lo
marufacturer’'s instructions.

2.19.4, Elevate the temperatursa of the oven and the detector to
“bake-off® any residual components.

9.10.5. Breik off a short portion (1 meter) of the ¢olumn from the
injector end; or replace GL column. This action will
cause 2 change in retention times.

9.10.5, CLheck the mechanical action of the & syringe daily.
Clean or replace as necessary. On ofcasion decreasing
peak height may be cavsed by <logging of the syringe as
apposed o a deteriorating intection port liner.

1. fuality Contenl

1.1,

10, 2.

Each laboratory using this method iz required to operate a guality
contro] {QC) program. The minimum requirements of this progeam
consist of the following: an initial demonstration af Taboratory
capability and regular amalyses of laberatory reagent blanks
{including solvent/eluent blanks), and taboratory QO samples.

Mora specifically, GCAECD procedural blaanks from commercial C-13
bonded s114¢a, and C-18 polymer cartridges and C-18/C-8 Teflon
impregnated filter dicks should be obtained when new lots of
cartridges and/or disks are used. MNOTE: The same lot number
thould be used throughout any <tudy. The labaratory must maintain
records to document the quality of the data generated,

Inttial demonstration of low system backgrownd and acceptable
particle size and packing. Before any samples are analyled, or
upen receiving a new supply of cartridyes or disks from a
supplier, it must he demonstrated that a laboratory reagemt blank
(LRB} i5 reasonahly free of contamination that would prevent the
accurate determination of the analyte of interest. The analyst
should obtain chromatograms of cotumn/disk extracts prior ta and
after the conditioning phase. From this information the analyst
can determine {f further conditioning is warranted or if other
action should be taken. These experiments c¢am be used to
demonstrate that the particle size/packing of the L5E cartridge
are acceptable, and if the Flow rate is consistent through the LGE
column or disk. ([Stable flow rates indicate wniform particle
distribution and hembgenous packing). CLartridges and disks may be
placed tm series to test for breakthraugh.

190.2.1. Liguid sol4d extraction {L3E) cartridges can b2 3 major
source of comtaminaticn {L5E diskd appear to be & mare
attractive alternative with fewer interferances,
consiztent reproducibality from disk to gdizk, and from 1ot

H



10,3,

19.2.2.

10.2.3,

Initiad

to lot, sitc.). Cartridges may contain phthalate esters,
silicon compounds, plasticizers and other contaminants
that could interfere with and prevent the zccurate
determination of the method analyta [(b}. The compounds
may be leached from the cartridges into acidified ethyl
acetate and produce a background of varying magnitude, [f
the background contamination prevents accurate and precise
analyses, the conditton must be corrected before
proceeding with the anadlyses. Figure la and lb show
unacceptable hackground contamination from poor quality
comercial LSE cartridges. By contrast, Figures 5a, 5b,
and 5¢ show the lower backgrounds obtainable from LSE
disks. (It may be necessary for the analyst te evaluate
LSE cartridges fro# several sources before anm acceptable
sypply 1s fdentified.)

Additianal sourcas of bickground contamination are the
salvents, rezgents, and glassware.

One hundred miililiters of water should pass through the
100 mg s1l1ca-based cartridge of 25 mm Teflon impregnated
Filter disk in about 25 minutes @ = ]0 psi. The
extraction time should not vary significantly among LSE
cartridges (columni) or disks.

gemonstration of laboratory accuracy and precision.

Analyze at Teast seven replicates of a laboratory fortifaed blank
solution (laboratory QC samples) containing the analyte [see
requlations and mazimum contaminant levels for guidance an
approximatety concentratians}.

19.3.1.

10.3.2,

10.3.3.

10.3.4.

Frepare each raplicate by adding an appropriate aliguot of
the primary/secandary dilution stazndard solution, or other
certified quality contrgl sample, to reagent water.
Analy2e each replicate according to Lhe procedura
described in Table 3 and in Sectien 11.

For aach replicate, calculate the measured Zoncentraticn
of analyie, and the mean accuracy {as mean percentage of
trug value) and precision [as relabive standard deviabion,
RSl) af the measursements.

For the analyte at #5 pg/L at tin, the meam accuracy,
exprassed 3% a percentage of the true value should be 92
106% and the RS0 should be = &%,

Analysts should develop and maimtain a system of contral
charts to plot the precision and acruracy of analyle
measurements over time. For the analyte, the mean
sccuracy, expressed as i percentage of the true value
should be 75-125% apnd tha RSD should bhe < 25%.
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This quatity controel criteria is applicable tp L5E
cartridges [Sections ¥.13.1 and 10.2.1).

10.3.5. It is recomeended that the laboratory periodically
document and determing tti decection limit capabilities
for the analyte of interast.

0.4, Laboratory Reagent Blanks {(LRE). Before procassing any samples,
the analyst must desonstrate that all glassware and reagent
interfarences are under contral, Each ftime a seft of reigents are
changad, new solvént bottle gpenad, or the injection port 1iner
reptacad or silanized, a LRE must be analyzed. [f within the
retention time window of the anafyle of interest the LRE produces
a peak that would prevent the determination af the analyte,
deterting the squrce of the contamination and eliminate the
interference before processing samplas.

10.5. A single laboratory fortified blank, containiag the tin analyte
musl be amalyred with epach set of samples, at a concentration as
specified im 10.3.

1.6, A field reagent blank should be analyzed with each set of field
samples. Datafinformation from these analyses will be used to
help define and determine contamimation related to field sampling
and transportation activities.

10.7. CEach guarter, replicate laboratory fortified Blanks must be
analyzed to determing the precision of the labaratory
measurements. The data wil] be used in dotumenting data quality.

I0.B. Each guarter, the laboratory must analyZe a qual ity control sample
gbtained From an external sourca. A guality <ontrol sample should
be analyzed each time 2 new set af standards are used. The eatire
analytical procedure must he chacked, if unacceptable accuracy
data is obtained.

10.%. Tha laboratory must analyze an unknowr performance evaluabion
zample fif available) at least once per year. Result: for each
gnalyte must be within established acceptance limits,

L}.10. At various points im this document, quality control measuras are
incorparated te 2lert the analyst to potential problems.

Procedure
11.1. Gas Chromatagraphy
11.1.1. Tables 1 and 2 present the recommeénded cperating
conditions for splitless mode GC/ECD, 1.e., conditioning,
calibration and sample analysis.
11.1.2. Gas Chromatographic conditioning.

16



11.1.2.1. The analyst must condition the analytical calumn
and the injection linar befgre starting any
tributyltin analysas.

11.1.2.2. The recommended conditioning soiution ts a (00
ngfml salution of the tributyltin as tin.

11.1.2.3. Make approximately four -ul injectione of
tributylitin in acidified ethyl acetate.

11.1.2.4. Monitor the peak response--geither arez and/or
height. Whan these pariameters stabilire
andlysex can begin., HNOTE: [F the injection
liner is replaced, conditioning must be
performed again. Fewar injections are required
during this phase. However, the analyst should
ver{fy this In his/her laboratgry.

11.2. Liquid-5011d Extraction

11.2.1.

11.2.2.

The 1iquid-solid extraction procedure is presented in
Appendix 1.

Set up the 1iguid-solid extraction columm processer as
thown 1n Figure 3. Three options are shown, depénding
upon the type of extraction device chosen. NOTE: This
identical arrangement 15 not required, but it is
convenient for handling small volumes of splution {< 200
mL}.

11.2.2.1. Sample water is added to the resarvair and
drains from it through the LSE coalumn or disks
into blunt stainless steel syringe needles
fLUER-LOK HUB} permanently mountéd in Che
manifold cover., The sample passes intd waste
callection contzirers placed in the stainless
steal basin (&.7.1.]).

11.2.2.2. & slight vacoum of = 10 mm Hg 15 used during
the course of sample extraction. The sample
flow rate 15 abodt Smi/mim. The pressure and
flow rate are ¢ritical. Variations during
operations may result in poor prectsion.
Appraximately 20 minutes is reguired to pass 1G0
mL of sample solution through the system. This
however., i5 extraction device dependent.

11.2.2.3. Depending on the volume of water extracted. the

vacuum may have to be released in order to dumg
tha waste from the collection containers., The

17



12.

vacuum control valve should be closed sTowiy
foellowed by gently lifting one of the wacuum
manifold luer plugs. Releasing the vacuum too
quickly wi11 cause splashing inside the basin
and may result in solution getting iato the
watuum gqauge, The amalyst should be aware of
the volume @F salutian that his been added to
the column procassor to prevent talution
gverflow inside the vacuum manifold basin.

11.2.2.4, During sample application the solution should
newer drop telow the top edge of the packing in
the L%E column. Likewise, the L3E disk <hould
be immersed in splution at a1l times.

11.2.3. Follewing sample application the extraction device is air-
dried on the vacuum manifold for approximately 20 minutes.
then placed 1in a desiccator.

11.2.4. The analyte 1s eluted with twa 250 ul portiont of
acidified ethy) acetate intg 3 GC vial mounted inside the
vacuum manifold basin,

11.2.5. The Fina)l volume of the eluate 15 adjusted to 0.5 ml wWith
a few drops of acidiFfied ethyl acetate.

11.2.6. The extract 1% refrigerated overnight [4°C}

11.%. GL-ECO
11.3.1. Inject a ¢ pl zliguot with the GC-ECD system uynder the
conditions skown #n Tablas L and 2 and section 9.5,
Calcuiatians
12.1. Calcuiate analyte concentrabions [in the sample)] by uttlizing the
catibration cyrve generated from the relative responses of the
standard {2nalyte) solution.
ta) The calibration curve i< generated from the analyte regsponce
produced from the "extarnal standard" curves andfor
"axtracted itandard” curwe, {.e., analyte standards taken
through the LSE procedurs.
12.2. Data should be rounded to one decimal place and reporied in wg/L
or pg/L.
12.3. The data should show which calibration tachnique % used. The

enhancement [or recavery) factoe should be reported.
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12.

Pracision and Accuracy

13.1.

In & single lzboratory the method detection 14ait (MOL) {17) was

determined for the tin arndlyte. Saven aliquots of the fortified
sample are measured and the resulls used to calculate the sl at
:he 9?: confidence level. The MOL is calculated using the
Qrmuid.

HOL=t ln-L,L-alphs = n.as]{s:'
where:

b ool ieatora - 095y = Students t value for the 9%
cenfidence level with n-1 degrees
of Fregdom, where n = number of
replicates, and & = standard
devtation of replicate analysas.

The reported MOL can be lowered substantially by extracting i
larger volume of sample and/or concentrating to 2 lower
kngwn/constant volume. NOTE: The analyst should compenzata For
the increased sample volume or smaller extract volume by laowering
the relative concentration of the anaiyte in the reagent watar.
Analyte detection at the regulatory lavel thould be achiavahla.

The MOL was diffFicult to determine for sevaral Teiszons:
(3} unstable non-reproducible backgrounds which may

be attributed to Jow quality commercial LSE cartridges
(Section (10.2). Flease see figuras ]a and Ib. (b}
TBT 15 tharmally unstable and therefore gquantitative
measurements are difficult. However. an MOL 1imit of
6.7 parts-per-trillion of the analyte as tributyitin
was determined. For the MDL determination, sevan
replicate measuremenkts were made on solutions fortified
with the tin analyte at 0.025 ug/L.
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TABELE 1. LIQUID-SOLID EXTRACTION
AND GAS CHRDMATOGRAPHY
EXPERIMENTAL CONDITIONS
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Liguid-%olid Extraction:

Sample ¥Wolume
Sampla pH
Extraction Davices:

Calunns /Disks

Eluting %olvent

Gas Chromatography;

Column

Detector

Ratanticn Time
Injection ¥alume
Injector

Larriar Bas
Make-yup Gas

Linear Yelocity

TIH SPECIATION
{TRIBUTYLTIN}

Liquid-5a1id Extraction [LSE)
with Bas Chromatography -

Electron Capturs Datsction (GC/ECD

100 mi (50, 200, 250 al)
4.5

lmL, 100 mg 5111ca ar polymar-bassd
{C-18}; Teflon enmashad sxtraction disks (C-18)
Aciditiad ethyl acetata {HC1)}-15g0

of 20% HCY1/50 mbL of soivent

Fused 5474ca Capiliary (DB-1, 30 mx 0,32 wm 1.d.,
0.25 um 11N}

Electron Capturs

w14.6 min (TBT)

2wl

Splitiess

Waliom (3.06 mL-min™'}

Argon-Methane {10 mL-min!)

20.8 cmfsec @ 160°C {measured isothermally)
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TASLE 2. TEMPERATURE PROGRAM

inltial valus = BDC

Lnitial Time = 1.00 Min

Leval 1

Program Rate IE.Uﬂpﬂfmin.

Final Value = I&0°C

Final Time = I0.00 Min
Leval 2

Program Rate = 20.00°C/min

firal ¥Yalue = 230°C

Final Time = &.00 Min

injector Temp = 200°, Oven Temp. = BO'C teo 230°C,

Oetector Temp = 260°C, Splitless injection with 3s delay
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Table 3. Accuracy and Precision Data for Eightesn Determinations of the

HMethod Analyte at 0.62% pg/L {100 ul} with Liguid-3alid Extraction

and GC/ECD Using 2 C-18 5ilica-Based {olumn 104 mg.

¥oplume af Sample Conc'm after Extraction
(pasLl

Expected Mean Std. Ral, Maan

Observed Dev. ted. Method
Oay. Accuracy
(mL } (ug/L} fug/L) {ug/L) {%] % True
Conc’'nj

200 10 190.3 0.8 7.7 102.9

250 12.5 12.4 1.4 11.7 96,1
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Tahle 4. Accuricy and Precision OData for Thirteen Determinations of the
Method Analyte at 0.1 ug/L (100 mL) with Liguid-Seclid-Extraction,

Usimg 4 C-18 Palymer-Based Column (Polystyreme-100 my).

Concantration AFter Extractton

fuasL Std. Rel. Mean
Kaan Qev. 5td. Methad
Expectad Obsarved Dy, Accuracy
(ugsLy {ug/L) {ug/L} (%) (% True
Cons'n)
2d 18.3 1.01 S.4 938

200 mL sample volume, standards taken through tha L3E procedure,
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Tabla 5. Accuracy and Precision Oata for Eight Oeterminations af the Method

Analyte Using a 25 em C-18 Teflon Enmeshed Extractiom {Filter} Oisk.

True Conc’n Hean std. Rel. Mean Method
(ngsfL} Observed Dev. 5td. Accuracy
Conc. ey, (% True Cont'n)
(gL} nasL) (%}
5Q 2.7 3.79 7.2 10%.

200 mL sample wolume, standards taken through the LSE procedure.



ARPENDIY 1. LIQUID-3OLID EXTRACTION PROCEDURE

(a] Adjust a typical 100 ml zample volume to pH 4.5, containing 1-2% (V/¥)
methangl.  (Add I-2 mL of methanel/100 mi of sampie).

() Use 1 mi, JOO mg silica or poiymer-based {C-18) colusn or Teflon enmeshed
extraction disk (C-18, C-8)

(c} Add 3 column volumes' {3 mL] of non-acidified ethyl acetate {do mot allgw
the column to become dry during additions of column conditioners and
before the sample is5 added). Hote: After pre-conditioning the Tefleon
enmgshed filter disk with ethy) acetate, maintain vacwum to pull zir
through for 5 minutes (air-dry the disk}. The disk is not allowed te go
dry with subsequent conditioming and sample application.

{d} Add 4 column volumes {4 mL) of methanol, 2 column wolumes (2 mL) of
deionized water, and 2 column volumes of pH 4.5 deionized water.

(e} Attach sampTe reservoir to column. (If the LSE disk 95 used the
rasarvdir 45 attached prior to stap O).

{f] Add sample selution and adjust the flow rate to approximately 5 mi/min.

fgy Follewing sample application, the LSE column andfor disk is air-dried
{room air) (# 10 mm Hg) for at least 20 minutes.
th} Place the LSE column and/or d1sk tn a desiccater For at l1gagt one hour.

Note: Polymer-based LSE columns must remain in the desiccator avernight to
affect remowal of all restdual water.

(1) The analyte (TET) is eluted with two 250 ul portions of ethyl acetate
(MCT) into calibrated GC screw cap glass sample wials. (fach portion af
ethyl acetate {HC1) remains in contact with the column for at least 3f
seconds). MHote: TBT 135 eluted [under vacuum) from polymer-based LSE
columns with three 250 ul portions of ethy] acetate (HC1).

(J} The final wolume of eluate (column axtract] 15 3djusted to 0.5 mL with a
few drops of ethyl acetate [(HC1).

{k] The sample vial is refrigarated overnight [4°C) to allow the extract
solution to equilibrate, HOTE: We obtained higher recoveries and
consistent reproducibtlity after refrigeration.

" Column volumes are astimated/approximate. Soiutions are dispenszed
with a2 squeera bottle,

[t is egsenttal fhat all residuyal water be removed from LSE columns

and disks prior o elution of TBT with acidifiad ethy! acetate. Thi:
is an absoiute mecessity when using splitless injection.
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Figure 1. GCAECD Chromatograms from Commercial C-18 Bondad

Forous 3111ca Columns;

fa,.{b) Extracts from Twa Pre-Conditionad Columnz,

00 mg, 1 mL (DiFFerent Manufacturers)

Computer Imaging by Steven Walirip and Jamms Dryer
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SIGURE 2.

Stainless Steel

Screen and
Teflon Gasket

Rubber Stopper

To Vacuum

SCHEEMATIC DIAGRAM OF SAMPLE FILTRATIDN RPPRAATLS

Funnel Base

1 Liter
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Flgure 3. Photographs of LSE Calumn Procassor

{4a) Vacuum Manifold Displaying the arrangement for

Column {Cartridge} and Disk Extractions

(b}  Display of the Component Parts for Disk Extractians
Using Glass Filter Holder

Photas by James 0Ol
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Figure #. FPhotograph of Stainless Stasl FiTter Holder For 25 mm

Extraction {Filtar) Disks

Photo by James 0'Dall
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Figure & GC/ECD Chromatograms of LSE Solutions from C-18 Qisks
(a] Extract from Pre-conditioned Disk

(b] Extract from Laboratory Reagent Elank

(£] Extract from Seawater Containing 0.05 pg/L

Tributyltin Chloride

Computer Imaging by 5teven Waltrip and James Oryer
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