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2. 動植物組抵中における残留殺虫剤の定量 5･ 有機 りん化合物に特異的に高感度を示す熱イオ

ンJjg水諺淵 イオン化検出器の試作 佐藤番免 官本紙2,飴木信一 (住友化学工業株式会祉 大収艶iiM

E2兆研究部)43.1.8受理

1964年 Giuffridaらによって Na2S04を用いた熱イオン型水素焔イオン化検出器がはじめて軸/A

されて以来,ガスクロマトグラフによる有機 りん良薬の残留成分分析の分野に各種の熱イオン型水菜

娼イオン化検出器が用いられて来た.それらの多くはいずれも使用寿命が短かくノイズ.レベルが高く

長時間の連続分析に耐え得ないという欠点を有している.

著者らは.上述の瓜を改良する目的で熱イオン源にKBrの申約品の盤形品を用いた熱イオン型水 ,

素焼イオン化検山淵を試作した.こ･の枚山賀馴ま既存のものに比較して長時間の連続分析が可能であ

り.(迎統依用時間は100時間以上であり.盤形しなおすことによりさらに100時間以上桃川が可能

であった) 雑音レベルが梅めて低い. この検出器を用いて教程の有機りん殺虫剤の分析を行なった

ところ 1×10~11グラムの最高感度を得,また 1×10~Jグラムの実用分析感度を柑た.玄米,gjE,

出 ミルク等のサンプルについて残留分析を行ない 0.002ppm まで容易に分析することができた.

Tntroduction

Thetheoryandmodeofoperationofthesodium

thermionicdetector(namedSTD)gaschroma･

tographywasfirstreportedbyGiuffrida(1964

a,b).

Recently in the residualanalysisoforga･

nophosphoruscompoundsmanyworkers have

usedthegaschromatographequippedwithSTD

andotherspecificdetectorsbelongingtothesame

category,becausetheSTDwasfoundenormously

sensitivetoorganophosphoruscompoundsand

muchlesssensitivetoothercarboncompounds

(Rahman1965.Giuffrida1966).

Inthecaseofcoildwire･Coatedwithsodium

orotheralkalimetalsalts.somedifficultywas

reportedtohappen.e.g.theaveragelifetime

ofthewire･shapeddetectorwasonlyafewdays

atbest.

Oaks(1966)devisedsuchatypeofdetector

with aconsiderably long durabilityby uslng

pressedsalt(cesiumbromide)tipforsaltreservoir.

Thepresentauthorsutilizedapotassiumbromide

singlecrystalassaltsource.Thisdetectorwas

namedpotassium thermionicdetector,PTD,in

thispaper,whichfacilitateddailyresidueanalysis,

ascompared with apreviouswirecoildone

(Miyamoto1967),thistypeofPTDensuredlong･

8

term operationwithhighreliability.

Experimental

a) Modificationoftheusualflameionization

detectortopotassium thermionicdetector.

Thegaschromatograph of type GC-3AF.

ShimadzuSeisakushoCo.Ltd.,wasutilizedfor

thepurpose.

Potassium bromideusedforthemeasurement

ofIR spectrawascutbyhand,asshownin

Fig.1,withaholeofca.0.2mm indiameterat

thecenter.Thiscrystaltipwasmountedonthe

ceramicnozzleofF‥Dandfixed.Fig.2Shows

schematicallythePTDmodifiedfromconventional

FID.

b) Operationalcondition.

Asiswellknown,inworkingwith sucha

specifictypeofdetector,itisofutmostimportance

tocontrolthehydrogenflow rate,becausethe

magnitudeofthebaselinecurrentwasclosely

relatedtotheflowrateofhydrogen,asshown

in Fig.3,and thatresponseto phosphorus

compoundswasdependentonthemagnitudeof

thespecificbaselinecurrent,asreproducedin

Fig.4. Thatis,approximately5.0×10~Bamp.

maximumand1.0×10~9amp.minimumofbaseline

currentwerefoundtobegeneratedrespectively

atthehydrgen flow rateof化.45mJ/min.
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maximum and ca.20mL/min.minimum. The

flame burningabovethetopofthesalttip

generatedabaselinecurrentsome200times

higherthantheconventionalflamedetector.

Undertheactualoperationalconditions,hydrogen

flowratewassocontrolledastoobtainsensitivity

giving100percentrecorderscaleresponseat

1.6×10~lAFS,byinjectionof10nanogramsof

ethylparathion.Thesensitivitywas2,000times

greateratthemaximum thanthatattainedby

theconventionalflamedetector.Underthesame

condition,otherhydrocarbon compoundssuch
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Fig.5. AnalysisofmixtureofBIiC,dibutyl
phthalateandSumithionbyFID

(upper)andPTD (lower).
FID,BHC,dibutylplltbalate,Sumithion

eachlOJJg.
PTD.BHC,dibutylphthalate,each

lOFLg.Sumithion,5ng.
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Fig.6. Analysisofamixtureof5nanograms
eachofmethylparathionSumitbion

andethylparathionbyPTD.(Curves,
leftto right;methylparathion,
Sumithionandethylparathion.)
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asBHCanddibuthylpbthalateintheorderof

microgram werehardlydetected,asevidentin

Fig.5.Fig.6showstheresponseofPTDto5

nanogramsofmethylparathion,Sumithion常and

ethylparathionattheelectrometersettingof

1.6×10~8AFS.under2.5×10~8amp.baseline

current. Operationalparametersinthiscase

wereasfollows;

Thepyrexglasscolumn(oncolumninjection

system)1.5Mx4mm id.,waspackedwith1:1

mixtureof8% DC-200and16%QF-1on60-

80meshchromosorbW aw. Thecarriergas,

helium,wasadjustedtotheinletpressureof2.0

kg/cm2.ca.40ml/min.Conditioningofthiscolumn

wascarriedoutatca.250.Cfor24hourswith

50mJ/min.helium flow rate.Thus,underthe

aboveconditions,thisPTDgavenoise･less.Well

balancedbaselinecurrentandwashighlysensitive

toorganophosphoruscompounds.Moreover,it

couldbeusedsatisfactorilyformorethan100

hours,givingreliable,reproduciblepeaks.

C) Illustrativeexamples.

Onehundred equivalentoftomato,cucumber

orapplehomogenatesfortifiedwith10micrograms

eachofmethylparathion.Sumithionぜandethyl

parathion wasprocessed asin theprevious

paper(Miyamoto1967),excepttbatタ卜hexane･

acetonitrile clean･up stepwasomitted. One

hundredgramsoffinelypowderedricegrainwere

soaked together with 10microgramsof the

organophosphoruscompoundsin200mJofbenzene

overnight. BenZenelayer wasseparated by

filtrationandthefiltercakewaswashedtwice

withlOOmJeachofbenzene.Afterevaporation

ofthebenzenesolutionl'nvacuo.theresiduewas

partitionedbetweenJ卜hexaneandacetonitrile.

Acetonitrilelayerwasseparatedandconcentrated.

Afterdissolvedtheresidueinaknownvolume

ofacetone,analiquotwasgaschromatographed.

Typicalchromatogramsofcontrolandfortified

samplesareshowninFig.7.Asevidentfrom

Fig.7,peaksattheretention timeoforgan･

ophosphoruscompoundswerelessthan0.002ppm

equivalent.Organophosphoruscompoundsadded

tothehomogenatewererecoveredsubstantially

completly. Under tlle presentexperimental

conditions.therefore,phosphoruscontainingln･

Secticidespresentinsamplesattheconcentration
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Fig.7. Chromatogramsforrecoveryof0.lppm

orderofmethylparathion,Sumithiom
and ethylparathion from plantand
animaltissues.

A.RecoveryofSumithionfrom freshmilk

a.Recoveryofmethylandethylparathion
from cucumber

C.Recoveryofmethylandethylparathion
from tomato

D.Recoveryofmethylandethylparathion
from apple

E.Recoveryofmethylparathion,Sumithion

andethylparathionfrom ricegrain

I.Methylparathion II.Sumitbion
III.Ethylparathion
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ofabove0.002ppm canbedetermined.

Di且Cu8aion8

ComparedwithPTDreportedhere.theprevious

coiledwireSTD(Miyamoto1967)wasoffarshorter

durability and gaveless reproduciblepeaks.

Moreover.thisSTD required farlongerpre･

conditioningperiodbeforeuse.Theseunfavorable

ipropertiesoftheSTD areseeminglyduelfor

example.tothefactthattiledistancebetween

spiralandburningflameisvaried,and that

alkalimetalsaltlayerisnotalwaysuniformly

coated.whichmakesiontemperatureunstable.

The㌣TDisfreefrom suchunfavorablefactors

and ion temperatureispresumablysolelyde･

pendentontilehydrogenflow rate,givingrise

tothestablesensitivitytophosphoruscontaining

compounds. Furthermore,potassium bromide

singlecrystalcontainsminimum amountofim･

purities.whichfavorsalsotogainstablebase

linecurrent;powderedpotassium bromideof

guaranteedreagentgradecompressedtoatablet

couldnotbeusedpracticallybecauseofnoises

oftengenerated.

Asshownaboye.PTD requiredmuch lower

hydrogenflowrateforagivenbaselinecurrent

thancoiledSTD(Oaks1966.Itaya1966).Although

ithasnotyetbeencertainthatthisenhanced

baselinecurrentinitselfresultsdirectlyinthe

highersensitivitytobhosphorus,forthesensitivity

ratherdependsonthetemperatureofpotassium

ionemitted(Itaya1966),theincreasedbaseline

currentgreatlyaffectsthesensitivity.Therefore,
F

itwasfoundnecessarytocontrolflowrateof

hydrogen very strictly,which was attained

sometimesonlywithdifficultywithsuchatype

ofapparatus.

Whenapotassium bromidetipwasmounted

ononeofthedualdetectornozzlesandgas･

chromatographwasrun.rnuChmoreamountof

baselinecurrentwasgeneratedon㌣TDside,

12

anditwasdifficulttoadjusttherecorder.Thus,

theoperationcouldnotbedoneatthehydrogen

flowrateofmorethan30mJ/min.(above2.8×

1018amp.ofbaselinecurrent). Thisdifficulty

wasovercomebyintroducingaselectorswitch

between mercurialbatteries (bydoublingthe

capacityofbattery,ifnesessary,)inthefeed･back

circuitofelectrometer,tocounter･balancethe

enhancedbaselinecurrent,andastheresults

thesensitivitywasincreasedfurtherbymore

thantentimes.

TlluS,thepotassium thermionicdetectorde･

velopedherecanbeeffectivelyused,asshownin

Fig.7,forthemicrodeterminationoforganopbos･

phoruscompoundsinanimalandplanttissues.

Indeed,Combinedwithsuitableextractionand

clean-upprocedures.theresidulessthan0.Ol

ppmcouldbeveryeasilymeasuredgaschroma･

tograpbicallywiththemodifieddetector.
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