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The effect of several extraction variables such as
acid concentration and strength (e.g. for HCl
and HOAc), the presence of complexing agents
(e.g. tropolone, sodium diethyldithiocarbamate)
in the extracting mixture, solvent polarity (e.g.
hexane, toluene) and sonication time for native
butyl- and phenyl-tin compounds from sediment
was evaluated. A toluene–HOAc mixture (10:4)
yields the highest extraction efficiency for all the
analytes and minimizes the degradation of
trialkyl- and triaryl-tins during the extraction
under sonication. In addition, losses of under-
ivatized monobutyltin and monophenyltin were
minimized in several steps of the analytical
procedure. The analytical procedure developed
was validated against existing CRMs for butyltin
determination.# 1998 John Wiley & Sons, Ltd.
Appl. Organometal. Chem.12, 541–549 (1998)
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INTRODUCTION

The occurrence of organotin compounds (OTs) in
the aquatic environment is of great concern. Since

toxic effects on non-target marine organisms
depend on tin substitution, OT speciation becomes
necessary to evaluate the risk associated with the
occurrence of this class of compounds.

A large number of analytical procedures for OT
speciation in environmental samples, particularly
sediments and biological materials, have been
developed over the last decade and they have been
reviewed recently.1 However, some uncertainties
have arisen about the accuracy of published
analytical procedures. In most of them, spiked
sediments have been used to evaluate the extraction
efficiency; this might lead to recovery overestima-
tion. Moreover, little attention has been paid to the
assessment of organotin stability during the extrac-
tion procedure.

Despite the large amount of existing literature on
OT speciation in sediments, only a few articles have
evaluated the extraction variables which affect the
recovery of organotin compounds. In those cases,
the optimization of the parameters has been
performed on spiked sediments and then evaluated
on native matrices.2,3 Zhang et al.4 assessed the
extraction efficiency of butyltins in PACS-1 using
10 different extraction procedures, but no systema-
tic optimization was carried out. In addition, few
studies have dealt with the evaluation of the
extraction efficiency of phenyltin compounds from
sediments,3,5–9 even though they are widely
distributed in the marine environment. The absence
of CRMs for these species could be a reason for
such a lack of study. To this end, the Measurements
and Testing (MAT) in the 4th Framework Pro-
gramme of the European Union (EU) has launched
a project to develop analytical procedures and
CRMs for butyl- and phenyl-tin speciation in order
to improve their measurement in the marine
environment.10
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In this study,relevantvariablesthatcouldaffect
the extraction efficiency of native butyl- and
phenyl-tin compoundsfrom a marina sediment
havebeenevaluated,with theaim of obtainingthe
optimum extractionconditionsfor all analytes.In
order to tracethe different stepsof the analytical
procedure,severalsurrogateswereaddedbeforethe
extractionand before the derivatization.Further-
more, the degradationassociatedwith the extrac-
tion hasbeencarefullyevaluatedandsomecritical
stepsaffectingtheanalysisof butyl- andphenyl-tin
compounds have been identified. Finally, the
analytical proceduredevelopedhas been cross-
validatedfor thebutyltin contentin severalexisting
CRMs.

EXPERIMENTAL

Reagents and materials

Surficial sedimentswere collectedin the Masnou
marina (NW Mediterranean)and offshore from
Barcelona.Theywerefreeze-dried,sievedthrough
120mm meshandstoredin thedarknessatÿ20°C
until analysis.PACS-1 and CRM-462 were ob-
tained from the National ResearchCouncil of
Canada (Ottawa, ON, Canada) and from the
Institute for ReferenceMaterialsof the European
Commission(Gheel, Belgium), respectivelyand
werestoredat 4 °C in thedarkuntil analysis.

Monobutyltin (MBT, 95%), monophenyltin
(MPhT, 98%), tricyclohexyltin (TCyT, 90%) and
tripentyltin(TPeT,98%)aschlorideswereobtained
from Aldrich (Milwaukee, WI, USA). Dibutyltin
(DBT, 96%), tributyltin (TBT, 96%), diphenyltin
(DPhT, 96%) and triphenyltin (TPhT, 95%) as
chloridesweresuppliedby Aldrich Chemie(Stein-
heim, Germany). Tripropyltin chloride (TPrT,
98%) was from Merck–Schuchardt(Hohenbrunn,
Germany) and tetrabutyltin (TeBT, 98%) was
obtained from Fluka AG (Buchs, Switzerland).
All standardswere used as received.Tropolone
(99%)waspurchasedfrom Sigma.Sodiumdiethyl-
dithiocarbamate (NaDDC) (99%), ammonium
pyrrolidinedithiocarbamate(APDC)(97%),pentyl-
magnesiumbromide (PeMgBr, 2.0M in diethyl
ether) and ethylmagnesiumchloride (EtMgCl,
2.0M in tetrahydrofuran) were obtained from
Aldrich n-Hexane,toluene(pesticidegrade),25%
hydrochloricacid, neutralaluminaand anhydrous
sodiumsulphatewerefrom Merck and99.7%and
acetic acid (HOAc) was from Aldrich. All other

chemicalsweresuitablefor organictraceanalysis
or a highergrade.

Organotin chlorides and TeBT stock standard
solutionswere preparedat 500mglÿ1 (as Sn) in
hexane and were stored at ÿ20°C. Working
solutions were preparedweekly by diluting the
stocksolutionswith hexaneor acetone.

Tropolone(0.5%w/v) wasdissolveddirectly in
the solvent usedfor the extraction.NaDDC was
prepared following the proceduredescribedby
Dirkx et al.2 NaDDCwasdissolvedin an aqueous
solution, this solution was acidified with H2SO4,
extracted with pentanein order to recover the
complexingagentin anorganicsolventandasmall
volume of the pentanesolution was mixed with
hexaneto give 1.5%(w/v) NaDDCin hexane.

Extraction procedure

A 2 g dry sedimentintakewastransferredto aglass
centrifugetubewith a Teflon-linedcappreviously
wrapped with aluminium foil; 1 ml portions of
acetonesolution containing400 and 100ngmlÿ1

(asSn)of TPrTCl andTCyTCl, respectively,were
added as surrogatesto the sample. They were
vortex-stirredfor 1 min and left to equilibratefor
1 h. The appropriatevolume of the corresponding
extractionmixture (12–20ml; seeTable1, below)
wastransferredto theglasscentrifugetubecontain-
ing thesampleandwasvortex-stirredfor 1 min and
thensonicatedfor 10min.Followingtheextraction,
a centrifugationat 2000rpm wascarriedout. The
supernatantwas recoveredby meansof a Pasteur
pipette and transferredto a glass conical vessel
wrappedin aluminiumfoil. Extractionwasrepeated
twice with the samevolumeof extractionmixture
asin thefirst extraction,andthecombinedextracts
wereplacedin the glassconicalvessel.Following
the extractionsteps,two different procedures(A
andB) wereconsideredto removetheHOAc.

ProcedureA: The solventextractwasvacuum-
evaporated to dryness at 30°C. HOAc was
previously removed from the extract by liquid–
liquid extraction(LLE) twicewith 10ml of Milli-Q
waterfor 1 min. Theorganicphasewaspercolated
through 2 g of activated Na2SO4. After solvent
evaporation,theextractwasreconstitutedwith 2 ml
of hexaneandspikedwith TPeTCl(300ngastin) in
hexane to assessthe derivatization yield. The
derivatizationwasperformedwith 2 ml of EtMgCl,
with shakingfor 1 min and then standingfor 10
min.

ProcedureB: HOAc wasremovedquantitatively
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from theextractionmixtureby LLE repeatedtwice
with 10ml of 0.5% APDC aqueoussolution.The
organic phase was dried as described under
ProcedureA. The solvent extract was vacuum-
evaporatedto a few millilitres, at 30°C then the
extractwasspikedwith TPeTCl (300ng astin) in
hexane.The derivatization was performed with
2 ml of PeMgBr,with shakingfor 1 min and then
standingfor 10 min.

In both procedures,the excessof derivatization
reagentwasdestroyedby adding10ml of Milli-Q
waterandthena few dropsof HCl (25%),keeping
the conical vesselin an ice bath.The derivatized
extractwas recoveredand the aqueousphasewas
submittedto LLE twice with 2 ml hexane.Com-
binedextractswerepassedthrougha glassfunnel

containing1 g of Na2SO4 andthenkept overnight
in the presenceof 0.5g of activated copper at
ÿ20°C. The supernatantwas purified through a
glass column slurry-packedwith 3 g of neutral
aluminaactivatedat 120°C overnight.Following
the elution of the sampleextract, 4 ml of fresh
hexanewas added,followed by TeBT (300ng as
tin) in hexaneas(I.S.) internalstandard.Evapora-
tion down to 1 ml was carriedout undera gentle
streamof N2. Derivatizedsampleswere storedat
ÿ20°C until determination. Procedural blanks
wereprocessedin parallelwith sedimentsamples.

CGC±FPD determination

Analysisof derivatizedextractswasperformedin

Table 1 Extractionconditionsin thedifferent experiments

Solvent Acid (conn)
Solvent/acidratio

(ml:ml)
Complexing agent

(%, w/v)
Extractiontime

(min)

Hexane HCl (0.5%) (10:4) Tropolone(0.5) 10
Hexane HCl (25%) (10:4) Tropolone(0.5) 10
Toluene HCl (25%) (10:4) Tropolone(0.5) 10
Toluene HOAc (99.7%) (10:4) Tropolone(0.5) 10
Toluene HOAc (50%) (10:4) Tropolone(0.5) 10
Toluene HOAc (99.7%) (10:4) Tropolone(0.5) 20
Toluene HOAc (99.7%) (10:4) NaDDC(0.9) 10
Toluene HOAc (99.7%) (10:4) — 10
Toluene HOAc (99.7%) (10:4) — 5
Toluene HOAc (99.7%) (10:2) — 5
Toluene HOAc (99.7%) (10:10) — 5

Figure 1 Effectof acidtypeandacidconcentrationontheextractionefficiencyof OTs.Extractionswereperformedwith: (a)HCl–
hexane(0.5%tropolone):(b) HOAc–toluene(0.5%tropolone).Thesamplewasa sedimentfrom Masnoumarina.Meanvaluesand
SD (n = 3) arerepresented.Compounds:(1) MBT: (2) DBT: (3) TBT: (4) MPhT: (5) DPhT: (6) TPhT.
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duplicateusingaFisonsMega2 Series8560model
gaschromatograph(Milan, Italy) equippedwith an
AS 800 autosamplerand an FPD detector(FPD
700, Fisons, Milan, Italy) containing a 610nm
bandpassfilter. Injector and flame detector tem-
peratureswereheldat250and220°C,respectively.
A 30m� 0.25mm(i.d.) fusedsilicacolumncoated
with afilm of DB-17(J&W Scientific,Folsom,CA,
USA) 0.25mm thick wasusedasanalyticalcolumn.
The initial columntemperaturewasheld for 1 min
at 60 or 100°C for hexaneor toluene,respectively,
andthenrampedat 10°C minÿ1 to 280°C whereit
washeldfor 5 min. Hydrogenat a flow rateof 3 ml
minÿ1 and nitrogenat 46ml minÿ1 were usedas
carrier and detectormake-upgases,respectively.
Flow rates of fuel detector gaseswere 120ml
minÿ1 of hydrogenand 80ml minÿ1 of air. Data
were acquiredand processedby a Perkin-Elmer–
Nelsoninterfaceconnectedto a PC.

Quanti®cation

This was performed by the internal standard
procedureusing TeBT. Calibrationplots from 25
to 400pg for each analyte were obtained daily
(R2 = 0.99) (R: regressioncoefficient).Procedural
blankswerecarriedoutfor everysetof samples.All
the experiments carried out in the course of
developingthe methodwere in triplicate and for
methodvalidation in quintuplicate.The RSD and

recoveriesof surrogatesrangedfrom 5 to 12%and
70 to 95%,respectively.

RESULTS AND DISCUSSION

Optimization of the extraction
variables

Theevaluationof theextractionefficiencyfor OTs
wasperformedon a sedimentin which phenyl-and
butyl-tin compounds had been identified pre-
viously.6 Sonication was selectedfor extraction
becauseof its widespreadavailability and its
relatively short extraction time and low solvent
usagecomparedwith otherconventionalextraction
techniques(e.g. Soxhlet). The effect of several
extractionvariableswasevaluatedby changingone
at a time (Figs 1–4, 6). Experimentalanalytical
conditionsarelisted in Table1.

Effect of acid type and acid concentration
Hydrochloricandaceticacidswereselectedin this
study since they can displace the different to
counterionsoccurringin thematrix, forming either
chlorides or acetateswhich are quite soluble in
organicsolvents.Both acidswereevaluatedat two
concentrations.In general,theextractionefficiency
of organotinsincreasedwith the concentrationof

Figure 2 Effect of acid type on the extractionefficiency of
OTs. Extractions were performed with acid–toluene(0.5%
tropolone).The samplewasa sedimentfrom Masnoumarina.
MeanvaluesandSD (n = 3) arerepresented.

Figure 3 Effect of solvent polarity on the extraction
efficiency of OTs. Extractions were performed with HCl
(25%)– solvent(0.5%tropolone).Thesamplewasa sediment
from Masnou marina. Mean values and SD (n = 3) are
represented.
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acid used(Figs 1a and 1b). The intercomparison
betweenthe two acidsrevealedthat glacial HOAc
yielded better recoveries for TBT and DBT,
whereasa decreasein their extracted amounts
paralleling an important increasein MBT extrac-
tion arosefrom theuseof concentratedHCl (25%)
(Fig. 2). This result could be attributable to a
processof degradationof TBT andDBT which led
to the formation of MBT. Conversely,phenyltins
showed a different behaviour related to the
degradationaccordingto theacidstrength.Whereas
nodegradationseemedto takeplacein thepresence
of concentratedHCl (25%), the MPhT concentra-
tion increasedwhenpureHOAc wasused(Fig. 2).
However,by usingdilute HOAc (50%)theamount
of MPhT extracteddecreasedgreatly;thereforethe
high concentrationof HOAc could be responsible
for the increasein MPhT extraction.

Effect of solventpolarity
Two solventswith different solvatingcharacteris-
tics wereevaluated:n-hexaneandtoluene,both in
the presenceof HCl (25%) and tropolone as
complexing agent (Fig. 3). Toluene was more
efficient than n-hexane,especiallyfor the mono-
substitutedcompoundsMBT and MPhT. In fact,
MPhT couldnot beextractedat all in thepresence
of n-hexane.Theseresultsshow that a solventof
higherpolarizabilityis neededin orderto favourthe
extractionof the more polar organotins.Chau et
al.11 reported some of the advantagesof using

toluene over more polar solvents: (1) it has a
limited watermiscibility, and(2) in spiteof its high
boiling point, thesolventpeakemergeswell before
OTs in gaschromatography.

Effect of complexingagent
Theeffectof tropoloneandNaDDCwasevaluated
in the presenceof HOAc and toluene (Fig. 4).
Tropolone was more efficient than NaDDC for
butyltin compoundsandMPhT. However,NaDDC
led to a similar extraction efficiency for TPhT
comparedwith the situation in the absenceof
complexingagents.On the other hand, tropolone
led to a decay in the recovery of TPhT. These
resultscan be interpretedin terms of the lack of
effect of complexingagentson to acetateswhich
are alreadysolublein the tolueneusedduring the
extraction.

Effect of extraction time
Threeextractionswereperformedsequentiallywith
two different extractiontimes (10 and20 min) by
usingtoluene–tropolone–HOAc. No increasein the
extractionefficiency was observedto correspond
with the extraction time increase.Therefore,we
experimentedwith a reductionin extractiontime to
5 min per extraction, but maintaining the three
sequentialextractions.A fourth extractionwasalso
performedandit wasanalysedseparatelyin order
to confirmthetotal releaseof OTsfrom thematrix.
No OTswerefoundin thelastextraction,which led

Figure 4 Effect of complexingagentson the extractionefficiency of OTs. Extractionswere performedwith HOAc (99.7%)–
toluene.The samplewasa sedimentfrom Masnoumarina.MeanvaluesandSD (n = 3) arerepresented.
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us to concludethat severalextractionswith fresh
extractionmixture during a short extractiontime
aremoreeffective thana single longerextraction,
which minimizesthechancesof to degradation.

Assessment of the stability of
organotin compounds during
extraction

OTs are moderatelystablein most environmental
compartments.Half-lives areestimatedto be from
daysto severalweeksin water,up to severalyears
in sediments.12–16Stability studiesaccordingto the
storageconditions and sample preparation(e.g.
drying of sediments)have been carried out.17

Special attention to these constraintshas been
already paid in the developmentof candidate
referencematerials(CRMs).However,thechances

of OT degradationduring theextractionprocedure
havescarcelybeeninvestigated.

In the present study, the different behaviour
shownby butyl- andphenyl-tincompoundsunder
the sameextractionconditions(e.g. accordingto
the acid strengthand the complexing agent; see
‘Optimization of the extraction variables’) could
indicatethatdegradationprocessespromotedeither
by theacidor thecomplexingagentcouldbetaking
placeduring the extraction.Therefore,a sediment
free of organotin compoundswas spiked with
standardsolutionsof TBT andTPhTin acetoneand
extractedunder different conditions to find out
whetherdegradationproductsof parentOTs were
formed.First,weevaluatedthedegradationprocess
associatedwith acid extraction. To this end, a
sediment was leached with acid overnight as
describedin the literature;somerecentprocedures

Figure 5 Chromatogramsof a sedimentspikedwith TBT andTPhT andleachedovernightwith: (a) HCl (25%) and(b) HOAc
(99.7%).After leaching,extractionwasperformedwith toluene.
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based on HOAc extraction still employ long
leachingtimes.18,19DBT, MPhT andmainly DPhT
wereobtainedafterleachingthesedimentwith acid
(HCl or HOAc) overnight at room temperature
(25°C) and extracting it with toluene. TPhT
degradationwashighly significantwhenHCl was
usedsinceit wasalmostcompletelyconvertedto its
degradationproducts(Fig. 5). However,the most
surprising resultsare thoserelated to the use of
tropolone as a complexing agent in a toluene–
HOAc extractionmixture.It wasfoundthatnoneof
the TPhT spiked could be recovered,whereasa
peak of DPhT was identified (about 10% of the
amountof TPhT).Thecompletelossof TPhTcould
beassociatedwith a dismutationprocesswhich led
to the formationof onemoleculeof DPhTandone
of inorganic tin, similarly to that reported for
trimethyltin in presenceof tropolone(Trop) under
mild conditions(Craiget al.20):

2�CH3�3SnTropÿ!�CH3�4Sn� �CH3�2Sn(Trop)2
�1�

This reactionled to a degradationprocesswhich
doesnot dependon the extractionconditions,and
thustheamountof TPhTextractedduringdifferent
experimentswassimilar,exceptwhenNaDDCwas
usedor in theabsenceof a complexingagent.

On thebasisof theseresults,toluene–HOAcwas
selected as the optimum extracting mixture.
TropoloneandNaDDCwerediscardedascomplex-
ing agentssincetheydo not increasetheorganotin
recoveriessubstantially(see‘Effect of complexing
agent’). The volume of HOAc in toluene was
optimized to increasethe extractionefficiency of
triorganotins and to minimize the formation of
degradationproducts. An increase in the acid
volume from 2 to 4 ml slightly improved the
recoveriesof both triorganotins, and negligible
concentrationsof diorganotins were identified.
However, when 10ml of HOAc was used, the
recoveriesof the triorganotin compounds,espe-
cially TBT, werelower, leadingto theformationof
degradationproducts(Fig. 6). The compositionof
theextractionmixturewasfixedat10ml of toluene
and 4 ml of HOAc for 2 g of sedimentand the
extractiontimewasreducedto 5 min perextraction
sincethis wasfoundto besufficientto releaseOTs
from thematrix.

Optimization of post-extraction
steps

Following the optimization of the extraction

procedure,the influence of post-extractionsteps
in the determinationof OTs wasevaluated.When
HOAc is usedin theextraction,the removalof the
acid from the extraction mixture is imperative.
Otherwise,rotary evaporationcould be difficult,
and acid remaining in the extract can have a
detrimentaleffecton thederivatizationreaction.In
several experiments,the extract was partitioned
with Milli-Q waterin orderto removeHOAc from
the extraction mixture (see the Experimental
section,‘ProcedureA’). However,the analysisof
the aqueous HOAc phase obtained from the
extraction of a sedimentspiked with butyl- and
phenyl-tincompoundsshowedthatca50%of MBT
waspartitionedinto that aqueousphase.A second
approach,usinganaqueoussolutionof 0.5%APDC
insteadof water alone, was applied successfully
(seetheExperimentalsection,‘ProcedureB’). It is
believedthat APDC formsneutralcomplexeswith
OTs which enhancetheir partitioning into the
solventphase.21

It was thereforedecidedto perform an LLE on
the toluene–HOAcextractwith the aqueoussolu-
tion of APDC in order to remove the acid.
Moreover,on the basisof a recentstudyshowing
the possibility of lossesduring the concentration
steps,22 evaporationto drynesswasavoided.There-
fore, the pentylation reaction was performed
directly on the tolueneextractafter drying it with
Na2SO4. Hexanewaskeptaseluentin thealumina
clean-up step, becausethe solvent evaporation

Figure 6 Effect of HOAc volumeon the recoveriesof TBT
and TPhT. Extractionswere performedwith HOAc (99.7%)–
toluene.The volume of toluenewas 10ml in all cases.The
samplewasa spikedmarinesediment.

# 1998JohnWiley & Sons,Ltd. Appl. Organometal.Chem.12, 541–549(1998)

EXTRACTION OF BUTYLTIN AND PHENYLTIN FROM SEDIMENTS 547



undera streamof N2 couldbetoo time-consuming
if toluenewasusedaseluent.Pentylatedderivatives
were also preferredsince they are less prone to
undergo losses during the solvent evaporation
steps.22

Validation of the analytical
procedure

Thedevelopedmethodwasappliedto thedetermi-
nation of OTs from two existing CRMs which
containdifferentconcentrationsandorganicmatter.
Accordingly, PACS-1, highly polluted marine
harboursediment,andCRM-462,coastalsediment
with intermediatepollution, wereanalysedfollow-
ing theproceduredescribedin Fig. 7.

PACS-1
The results obtained for TBT and DBT are in
comfortableagreementwith thecertifiedvaluesfor
thesecompounds(Table 2). However,for MBT a
280% higher value, comparedwith that certified,
was obtained.Some authors have also reported
highervaluesof MBT for PACS-1andit hasbeen
attributedto thecurrentimprovementsin organotin
determination since the certification of PACS-
1.11,23,24 In fact, many analytical proceduresthat
allow an accuratedeterminationof DBT andTBT
fail in thedeterminationof MBT.4

CRM-462
In order to evaluatethe accuracyof the method
developedin asedimentwith mediumpollution,the
CRM-462 was determined. Concentrationsob-
tained for DBT and TBT are in agreementwith
the certified value (Table 2), althougha slightly
lower value was obtainedfor DBT. It could be
attributableto thelowerconcentrationlevelsin this
CRM.

CONCLUSIONS

An analytical procedurefor the determinationof
butyl- and phenyl-tin compoundsfrom sediment
hasbeendevelopedby optimizingthemostrelevant
extractionvariables(acidstrength,solventpolarity,
complexingagentand extractiontime). Degrada-
tion duringextractionwasstudiedandobviatedby
optimizing the ratio betweenthe solvent and the
acid.In addition,severalcritical stepsfollowing the
extractionwereidentified,suchasacidremovaland
solvent evaporation.An intermediatepartitioning
step with an aqueoussolution of APDC was
developedin order to removethe HOAc from the
extractbeforetheevaporationstage.

The analytical proceduredevelopedwas vali-
dated against two different CRMs, PACS-1 and
CRM-462.All the resultsobtainedfall within the

Figure 7 Flow diagramfor the developedanalytical proce-
dure.
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certifiedvalue,exceptMBT for PACS-1,whichhad
a280%recoverycomparedwith thecertifiedvalue;
thatcouldbeattributableto theimprovementin the
extraction efficiency of the developedanalytical
technique. The advantagesof the developed
analytical procedureare its simplicity, the short
extraction time, the low volume of solventsand
acids requiredand the widespreadavailability of
thenecessaryinstrumentation.
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Table 2 Resultsof the validationof thedevelopedanalyticalprocedure

PACS-1 CRM-462

Certified
value

(ng Sngÿ1)

Extracted
amounta

(ng Sngÿ1)
Recovery

(%)

Certified
value

(ng Sngÿ1)

Extracted
amounta

(ng Sngÿ1)
Recovery

(%)

MBT 280� 170 784� 64 280 NCb 98.7� 9.3 —
DBT 1160� 180 951� 21 82 63� 8 43.9� 5.5 70
TBT 1270� 220 1163� 31 92 24� 6 23.7� 2.4 99

a MeanandSD (n = 3) arepresentedasextractedamount.
b NC, not certified.
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