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N-methylformamide (MMF), a cmlpound with enbryotoxic and 
teratogenic properties, is present as an impurity in the N,N— 
dimethylformamide (DMF) used as an inert ingredient in 
fionnulatims of the lampricide TFM. Since the actual MMF uncen- 
traticns in TFM flirmulatims have not previously been reported, 
re-evaluatimsoffl1esafetyofTFMtreaunentswithregardtoMMF 
exposures have forced to use the manufacturer's estimated 
upper limit cn MM]? levels. ‘lb improve these safety evaluations, 
we detennined conditions that would permit the 
quantitation of MM}? in the TFM formulations and analysed 8 
sauples of fonnulated TFM. The ccncentratiam of MM? ranged frcm 0.1 to 0.w9% of the fonmalation. The highest value was still 
5 fold lower than the manufacturer's ‘upper limit‘ indicating 
that "previously calculated margins of safety were conservative 
since they significantly_overe_stinat_ed actual exposures. 

‘lb date, more than 1.5 million kg of TFM have been applied 
to the Great Lakes as part of the Sea lamprey Control Program. 
Because of the quantities used, evaluation of the identities and 
toxicities of the trace impurities present in the formulation 
wasrecmmandedasaresearc1'xneedbytheNR<$SpecialistPanel 
on TFM and Bayer 73. This report represents part of the MRI- 
Environmental Contaminants Division response to this 

In addition 1;; the MMF levels, the 
identities of the major formulation impurities have been" 
determined and will be the subject of a journal publication 
currently in preparaticn. This report was separated from the 
journal paper because of a request from New York Department of 
Environmental conservation regarding MMF levels in TFM. The 
subject has recently been raised in a public forum in N.Y. and 
IECwere anxious tohave asmuch supporting dataaspossible. 

Despite the fact that the isue was raised in New York 
state, the issue has potmtially significant. ramifications to the 
Govt. ofcanada. !I‘heGreatIakes'SeaI.ampreyOu_nt1:o1 Programis 
conducted by the Great Lakes Fishery Commission an behalf of the- 
federal governments of the U. S. and Canada. In Canada, the 
lampricides are applied by enployees of the Lanprey Control 
Certre, which is in DFO. In view of the government's direct 
involvement with the applimticn of these lanpricides, 
regarding the safety of TFM treatment in any jurisdiction are 
treated seriously by DFO. Both the Great Lakes Fishery 
Gamnission and DFO have requested and supported MRI reserach 
into the chemical aspects of lampricide treatment and are
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directly interested in the results presented here. results presented here will allow mre precise discussion cf risks associated with TFM as a result of the presence of MMF. These 
frananecosystenhealthpointofvienbut 

also frauaoccupaticnal healthaspectwiflurespecttosafetyof 

Plhenflmejoummalpapercntheimpzritiesarxiarntherpaper 
on the actual mehcanism of TFM photodegradation (currently in draft stage) are finished and to joumals, the current NWRI reserachprogram an TFM will be



Perspective - gestion 

Aqce jour,_plus de 1,5 million de kg de TFM ont été appliquéS aux eaux des Grands Lacs dans le cadre du Programe de lutte contre la lamproie marine. A cause des quantités utilisées, 1'éva1uation de l'identité et de la toxicité des impuretés présentes a l'état 
de traces dans les formulations a été recomandée 5 titre d'exigence de recherche par le Groupe de spécialistes du CNRC étudiant le TSM et le Bayer 73. Ce rapport : présente une partie de la réponse de la Division des contaminants de 1'environnement de l'Institut national de recherche sur les eaux 5 cette recomandation. En plus de déterminer les teneurs en MMF, les identités des principales impuretés de la formulation ont été déterminées et feront 1'objet d'une publication actuellement en préparation, destinée a un ‘ 

journal scientifique. Le présent rapport provient d'un article de cette publication suite 5 une demande du New York Department of Environmental Conservation concernant les teneurs en MMF des TFM. La question a récemment été soulevée lors d'un débat public 5 New York et le NYDEC souhaitait obtenir toutes les informations possibles dans les plus brefs délais. 

En dépit du fait que la question ait été soulevée dans: l'état de New York, cette question a des implications possiblement trés significatives pour le gouvernement du Canada. Le Programme de lutte contre la lamproie marine dans les Grands Lacs est mené par la Commission des péchgggfies Grands Lacs qui est mandatée par les gouvernements fédéraux des é.—U. et du Canada. Au Canada v les lampricides sont appliquées par des employés du Centre de lutte contre les lamproies, qui fait partie de Péches et Océans. Parce que le gouvernement est directement engagé dans 1'application de ces lampricides, des questions concernant la sécurité du
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traitementA TSM reqoivent toute l'attention nécessaire 5 Péches 
et Océans, peu importe les pouvoirs publics responsables. La 
Commission des pécheries des Grands Lacs et Péches et Océans ont 
demandé 3 l'Institut national de recherche sur les eaux, en 
prévoyant des ressources ad hoc, d'étudier les aspects chimiques 
du traitement aux lampricides, et ces organisms s'intéressent 
vivement aux résultats présentés ici. Ces résultats permettront 
un examen plus précis des risques associés au TFM_provenant de 
la présence de MMF. Ceux-ci sont importants non seulement du 
point de vue de la salubrité d'un écosystéme mais aussi du point 
de vue de la santé professionnelle, 5 cause d'effets possibles 
sur la santé des équipes d'application. 

Quand l'artic1e de la publication sciehtifique sur les 
impuretés et un autre article sur le mécanisme actuel de la 
photodégradation du TFM (présentement en cours de rédactioh) 
seront terminés_et présentés pour publication, le programme de 
recherche actuel de 1'INRE sur le TSM sera terminé. W



.RésuME' 

Le N-méthylformamide (MMF), un composé 5 propriétés 
embryotoxiques et térztogénes, est présent sous forme d'impuretés 
dans le N,N—diméthylformamide utilisé comme ingrédient inerte 
dans les formulations du lampricide TFM. La concentration de 
MMF dans huit échantillons de formulations de lampricides a été 
mesurée par chromatographie gazeuse sur tube capillaire — 
spectroscopie de masse 5 mesure d'un seul ion. Les concentrations 
de MMF étaient comprises entre 0,001 et 0,009 %'de la formulation. 
Les valeurs 1es.plus élevées étaient environ 5 fois plus faibles 
que la "limite supérieure" signalée par le fabricant, ce qui 
indique que les marges de sécurité basées sur les données des 
fabricants sont conservatrices étant donné qu'elles surestiment 
de fagon trés significative les expositions réelles.
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N-n\ethy1fOI‘lI1BIl.lid_¢ (MMF), "a with einbryototic and teratogenicproperties, is present as an impurity. in the N,N- 
as an ingredient fioflnulations ojf 

the 'I!1el04FOmqeI1tfeHtiG?1in8atI\p1esoft1'ae 
lanpricide zfionnulatiornvas fietermined by capillary gas d1ranato- 
gtaphy-5111913 ion monitoring nsss Ihe concentra- 

of ranged from 0.001 to 0.009% of fonnulaticn. 
highest of these values was approgzimately 5 fold lower than the 
manufacturer's reported ‘upper limit‘ that margins of 
safety based cnzthe manufacturers data are conservative since 

overestimate actual exposures-. ' 

Since 1958, the Great Lakes Fishery Oonlnission has been 
using lampricides to control abundance of the sea lamprey 
(Petrom zon ma-rinu_s__)p in the Great "Lakes-. The principal 
1'a;11'pr1“c'i_ is TFM I 5-trifluorcxruethyl-4-ni‘P.-1'€7Pl';B!?1Ol);* a 
lanpricide, Bayer: 73, (the salt of 2',5-didnloros 
4'*nitrosalicylanide)_,_ is also "used to a l:i.mited extent. 

A To 
date, approximately 1,500,000 lug-of TFM and 10,000 kg of Bayer 73 have in the control program. 'mebas0ic of the 
programis tokill lauprey larvaebefote intothe 
parasitic stage. Iampriciides are applied directly the 
strearns in which the larvae the first several years of 
their lives. The properties, methods -of application and 
analysis, and the fate effects of these lampricides in the 
aquatic environment have been the subject of a recent review 
(NRCC, 1985), One of the recommendations for research that 
resulted frcm the review was that the composition of the 
lmlpr-icide fiatmulatia-1 be investigated and that identities of 

'1herepcrtedcu;1pcsitionofltheTEMfic1mulati.cnis39%1'E?4 
(as the 80d;i\Jm salt), 15% N,N-dimethylformamide (DMF) and§ 
water. The identities of minor and trace impurities have not been reported but, for the purposes of discussién, if it is 
assumed that the :hnpurities total_led 1% of the fiormulatim, then 
the quantity directly to Great Lakes tributaries during 
.1=mz1'i<=ide vmld be 15.000 hg- quantities of TPM used are considered, the need to eva_luate possible environmental significance of the impirities agwarenia 
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Impurities in the formulation could arise from several 
sources. In addition to by-products produced during TFM synthesis by side reactions, there may be unreacted starting 
terials and substances present as impurities in the starting materials. ‘mere my also be substances present as in the DMF-. Of particular interest is the concentration of N- 

(MMF) in the TFM formulat-.ions.A the manu- 
facturer of the TFM-fonuulation allows up to 0.5% MMF in their DMF (Neth, 1987). the MMF qmtent of the lampricide fonnulation could be as much as 0.075%. The toxicology of ‘MMF, DMF and 

» cw. ah H—fl—u(H H— —N(% 
0 MMF 0 DMF 

related cc:_rpounds has recently been reviewed by Kennedy (1986). Although both canpounds show low acute toxicity when given to 
aninals as single cbses (oral. ID frdn2to69/K9). MMFbutnJt DMF has significant embryotoxig and teratogenic properties. 
Ehgstrcm-Heg (1987) has attanpted to use existing toxicity data to evaluate the risk associated with TFM treatments due to the 
presence of IMF. He mncludes that signifiant margins of safety exist between a deliberately overestimated human exposure via drinkingwaterandthe theU-. S. EPAe_stimatednoobserv_edeffect level (NOEL) of 1 ng/kg/day. Although int auough is known about relative susoeptahility off people and wildlife 110 to be definite, it appears that, apart f_rom some health risk to the application crew, there is little risk from downstream 

to 'I‘1=M treated \\Bt81'8- 
' However, in addition to uncertainties with respect to the toxicity of MMF, the Engstron-Heg had to use an estimated MMF concentration to calculate exposures because there are 

_ 
no published analyses of the MMF content of the lampricide formulations. In this report, we examine the applicability of capillary gas chromatography-mass spectrometry (GC/MS) 1'-Ofthe quantitation of MM!‘ in the TFM fonnulation and, using the most 

detenni.net,helmF'ax1tentofsevera1batd1esof 
the formulation.
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Samples of TFM formulations were frqn the Sea 
lamprey Control Centre, Sault Ste. Marie, Ontario. They were 
identified by the minufacturers cmtrol number which cmtains the 
batch nunber and year of manufacture. All solvents were 
distilled in glass by caledon Laboratories, Georgetom, (ntario. 
Methylations were performed in methanol using an excess of 

prepared fresh each time fran Diazald (N-methyl-bk 
nitroso-p-toluenesulfonamide), Aldrich Chanical Cb-, Milwaukee, 
Wisccnsin. 

Analyses were by capillary Q/MS using a _Riber- 
Nermag R1610 mass spectrometer and a Carlo-Brba 4.159 985 
chromatograph equipped with an on-"-column injector and either a 
30m DB-5 or a am Supe1<=Ow§X 10 fused silica column. The mass spectrometer was operated -in electron impact mode at an 
ionizationpotentialof 70evwitha filanentcurrentof20flmA anda sourcetanperature of 170 °C-a l14FandMMFwerequantitated 
by single ion monitoring of iqns at m/e 59 and 73 using the 
supelcomax oolmnn. After an initial hold of 7 minutes at 50 °C, 
theovautanperaturewasprogramnedatlfldegreesperminuteto 
zaz °c and held at_ this final tapperature for 1 minutes. 

Prior to the quantitative analysis of the MMF cxntent of the 
lampricide formulations, it was _nece§ssa_ry to evaluate the 
analytical parameters of the two compounds since a literature 
search failed to reveal a standard method that could be used to determine trace quantities of MMP in DMF. In studies of the 
photolytic of MMF in the photolysis of 
fluoridone, Saunders and Mosier (1983) used selected ion 
nnnitorirg GC/MS but these analyses were ocnplicated by the presence of a greater than 100 fold excess of DMF. ‘me positive 
icnmassspectraofpurestandatdsofMMFarflDMFarepresented 
in Figure 1. ‘me spectra are relatively simple; MMF has onl buo 
ions of intensity greater than 20%, the molecular ion at J e 59 which was also the base peak and a _fra_gment at m/e 30 with 
intensity of 65% by loss of 29 mass units frau the molecular ion. In themass spectrum of DMF, only four peaks 
exhibited intensity greater 20%. These include the 
mole<mlarionat_73, whichwasalsothehasepeak, afiragnaatat 
m/e 44 formed from the molecular ion by loss of 29 mes units 
(intensity 78%) and a significant inn at m/e 5 (intmsity 36%).

i
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Because the hm/e 30 ion occurred in both spectra at significant 
intensity, itwasapparentthatthisicncouldcnlybeusedasa 
quantitaticn inn if the twoocxupoundswerewell sqaratedbythe 
diranatographic Similarly, although the ill! w1'1'e9- ponding to the MMF molecular ion (m/ e 59) occurred in the DMF spectrum at an intensity of only 0.5%, ‘because the relative 
ooncentratimofMMFvinthe1MFwasnOtexpectedtoe1nceedfl.5%, 
this inn would cnly be useful if there was sufficient d1ranato= 

Thefirstc:>lmna1whid1fl1eretentimti1nesofMME'arzilMF 
were evaluated was a fused silica I13-5 colunn. '1his mlum gives good separation for a variety of neutral compounds such as 
organochlorinepesticidesand Pqisarxdthereforeismmnnlyused 
in many enviromnental analyses. However, MMF and DMF_ were observed to elute at virtually the same reteaticn times urfier a variety of chranatographic conditions and there were no 

under which the darcxuatographic resolutim was juiged 
goodenoughtopenilitquantitaticnofthewocornpmmds. Inview of the disappointing performance am the mn-polar 13-5 call-elm, it 
was decided to evaluate the Supelcowax colmn, a colum coated with the uore polar liquid phase, Carbowax 26M. This column provided good resolution of the two canpounds and after some experimentation with program rates, an acceptable set of 
analytical conditions was obtained. Figure 2 slows the analysis of a standard containing approximately equal of 
IMF and DMF. The MMF was detected fran the trace of its noleciular ion (m/e 59) and was observed to elute more than 5 
minutes after the DMF mlecular icn (in/e 79) giving true baseline 
resolution of the two ccnpounds. 5

” 

me final point evaluated was the possibility of performing MMF analysis during the normal gas darauatographic» analysis of 
TFM. Analyses of TFM are usually performed on methylated samples 

peak tailing and improve chromatographic resolution. all 8 anples of the lampricide fonnulaticn were dissolved 
1, methylatedwi.thd.i.azm\e,thaneandanalysedforMME‘ 

l1\4Fcontent, readilythtectedinall sanplesbutMMF ' not detected in any of them. To evaluate the possibility 
_ttheMMI-‘wasnotdetectedbecauseitreactedwitht‘nediazo- 
nethane to produce IMF, unnsthylated sanples were prepared and analysed. MMF was present at detectable levels in all 
unmethylated samples but was not detected in the corresponding methylated sample, indicating that methyla'd-On interferes with the ‘determination of MMF, probably by converting it to DMF. These results indicate that it will not be possible to 

swig

3 
fir: H45‘ and TEM on methylated samples. '7
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59); (c) of the IMF mlecular inn (III/e 73).
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lherefore, all Bgfonmalatims were analysedxnnethylated in 
methanol, using a Supelcnwax 10 ooluqm, of DMF 
and MMF were determined by comparing integrated ak areas of 
their respective nnlecular ions (m/e 73 for DMF; mi: 59 for MMF) 
with areas obtained for the analysis of a solution of known 
concentrations of the pure standards. The results of these 
ana1ysesareprejsmtedIl.n"1‘able 1. 'meooncentratimofDMFin 
the TFM formulations varied fran 8 to 25% while the cmoaxtratim 
of MME‘ varied from fl.M1 to ewes of the fonnulation. Expressed 
as a percentage of DMF, the MM}? content varied fr.-an 0.03 to 
0.11%, at least a factor of 5—fl>1d lower than the manufacturers 
upper limit. 

The results indicate that estimates of exposures to MMF 
during lampricide treatments will be overestimated if the 
nenufacturers upper limits on MMf content in the fonnulation are 
used. The findings suggest that the calculations of 
are mre conservative than intended and that the actual nargins 
of safety are probably at least five fold greater than his 
original estinates.
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