
MEASUREME~TT OF N-NITROSAHINE CONCENTRATIONS 
IN 

NIOSH DIESEL EXHAUST/COAL DUST STUDY 

by 

Gangadhar Choudhary, Ph.D. 

and 

G. David Foley 

Measure~encs Research Support Branch 
Division of ?hysical Sciences and Engineering 

National Insti:ute fer Cccu?ational Safety and Health 
4676 Colunbia Pa;;-'.-:.·,;ay 

Cinci:~ati, Ohio 45225 



ABST~\C1' 

The atmospher~s within and prior to the animal exposure chambers in the 
NIOSH diesel exhaust/coal dust study ware monitored for the prcJence of 
seven volatile N-nitrosamines. The samples were collected on a monthly and 
sometimes on a weekly b2sis. The analytical results showed frequent 
presence of N-nitrosodimethylar.i.ine in lo-:., nanogram (0-150) a:nounts mostly 
in the chambers containing dic1scl exh.:>.ust and diesel exhaust plus coal 
dust. Low nonogran concenc:ations, usually lower than 
N-nitrosod.b1ethylauine, of N-.dtrosodiethyl and N-nitrosodipropyl amines 
were also found occasionally in these chambers. The presence of 
nit-rosamines in the e:..:posure chambers were largely scattered with relati•1e 
standard deviations in diesel chambers in e:i:cess of 100% and did not show 
any definite trend of occurrence with ti:::ie. The samples were analyzed by 
either gas chror::iatography-ther.ual energy analyzer (GC/TF .. .A) or by gas 
chr6matography-~all electrical conductivity detector (GC/HECD) methods. 
The analytical liMit of quantitation in both methods was 6 ng/m3. 



INTRODcCT IO:; 

Nitrosa=ines are a ~=o~? of c~e3icals reJrese~:ed by the structural for:ul2 
32.=N'-N'=O, '..;he.r~ R o.ay be e.:..:.::-~e.r a:i alk: .. · l or .arjl group. The che~ical bo~1d 
N-N is weak.er than either R2=~-; o:: :'i=O i:1 t:!.is c.h2:1ical structure. .L;ias.a 
compounds are usu.ally for:J.ed by th·~ n.it.rosation of secondary amines with 
nitrite ion. They r:.1ay al!:>o be for.:ied in the at:::tosphere if other pr<!cursQrS 
such as o:<1:id.es -::>£ nit:::og'::i., other a-:.ides or nitrogenous ccm;rnu::ids such as 
ureas, carbamates or guanidines are pr;sent (1-5). Because of the fact 
that N-nitrosa:nines have been found to be potent che~ical carcinogens (6-9) 
a great deal of interest has been sho~n in these co~pounds in recent 
years. Due to the suspected presence of ni~rogen oxides and other 
nitrosaraine precursors in the di":!sel e:.1.giue en·.riron;n.ent (10) ,the NIOSH 
Diesel Exhaust/Coal Dt.::.st study called for regular monitoring of 
N-nitrosa:nines i;:i the ani:::al e:qos:!:::-e c:::a.::ib,:a.r atr:1ospheres. Recently, 
N-nitrosam.ines ha-,;e been cet.ect:ed i:J. diesel crankcase e:::dssions (11) thus 
confinai:ig the rele't',, .. a.nce of this plan:1.ed study by }IIOSH. 

The eurpose of tl:-...is re,?ort is to present the results of the N-nitrosami:i.e 
m.easul."em.en.ts tluri~ the !;IQSH. Diesel E:..:hat~st/Coal Dust study. 

Sa::iole Co :.lee:: ion: Sa.:1ples for },-.!itrosa::u::ies were collected on a monthly 
basis accordin6 to a sa~?li:J.g protocol which called for a sampling train 
consisting of a 37-:::.i.;;i 5 lass fi~er ty?e filt·~ iollow~d by a Ther:a.osorb/N 
adsorbing tube. the sa=pli~g train ~as desi6ned to trap non-volatile 
aitrosa:n..in.e pa:::-::ic:.:.!.at:es as ·--1<;;!11 as other parcic!.!lates on cha fi1..te::-s and 
the volatile nitrosa::ti~e vapcrs o~ t;i.e ddsor~ing t~bes. Because of 
i~terferences obsc=ved ~ith 0.3 wi~=o~ callulcse oe~bra~e (~y~e AA) £ilters 
during the a:ialysia o:f t=:a fi=st t::on.:h' s filte.:: saQples, the. use cf glass 
fiber filte~s i~ t~a sa=?li=; t=ai~ was used for subsequent sa~pli~g. 
Sat:tples we~e col:!.ec:.ac. a:: t::.e race of 2L/m.iu for appro:d::iat:ely 7 ho 1.:!'.'s eac:i. 

Some ~eekly s~~?les ~~=e a:50 co::ec:ed ~si~g t~e sa~e sa~pling p~otocol as 
used for the =on:~ly sc~p:~s d~r~~; ~~e lace= part of the study 
(Febru.a.=1/~!z=~:! 1932) fc::- .se";~:i coat.!.:1.ucus ·..;eeks. 

Three sao.ples, cue ~Qr 2 hou:::s, a secoc.d for 5 hours and a t;i.i:::d. for 6 
hours, 
du.ri:ig 

•...;are. 
th.is 

also pe::::iod 



Sample .:\c'l.alysis: 

ND!i.-\ 
:IDEA 
NDPA 
NDPA 
NPIP 
NP~'R 
NHOR 
NDPhA 

~ii tros od.i::ie th}· l.a.~:.~ e 
~itrasodi~t~yla2i~e 
Ni trosodipropy l-?-:::ii;:i e 
~itroscdibutyla~i~e 
Nitrosopipericli~e 
Nitrosopyrrolidine 
~itrosoaorpholine 
Nitrosodiphenylamine 

The analyse::; ·...rere p.:l::~or::!ed by usin6 the followin6 three raethods. A brief 
descripticn of t~ese ~echoes as ~ell as the procedu~e~ are given b8low. 

(1) GC/TEA: 

A. gas-liqui.d c:1::::-ooatog::-c.pb. (G::) equipped wi.th a ther.:ial energy 
analyzer (~~A) .iei:eccor w2.s ~sed for the N-ni.trosara.iae analysis. 
In thi.s cietector, t;;:.e ~r-~i bo;::d of Rz}!-N=O is catalytically 
broken. NO is coabi~ed wica ozo~e to produce an excited NOz 
molecule ~hich is detected by lu:iinescence produced on its 
returaing to t~e grou~d state. The production aad detection for 
the e.:d.cted nitroso radi~al is proportional to the concentration 
of the pare:it S-nit:::-osaD.i..;i.e ia t::.~ analyte. 

A 6ft. glass Ca:::-':Jc·,:a.:<: 20!-:-2::: ::w:r on. Chrci:iosor::> 'J 100/120 mes':l 
chrooatog=2~~ic co:~~~ Ha3 us~d A d~sorbi~g 
sol·.rent C:-l~.;;isci::i.; of 7 s:~ ::.:!::.hylea,:: chloride and 25,; c.echanol •,.;2s 
used .for -:i":e=::.aso=:> Ct:.~e sc~pl.;;:.s. ?ilte::-s sa:iplcs ·..,·e-:-~ e:-(t=ac~ed. 
with met~yle~e c.~lo~ide. Te~?era::.ure condicious .ere: pyrolyzer, 
550-50o 0c; i~ter~ace,225CC; col~~:i. 120°c for 2 :i.i::. and the::. 
progamaed to 130°C at·t;..e rate of o°C per n.inute. An S-10 uL 
aliquot of t:i·~e s.a:a;,.:~ ~::...s u!:ied fo:- i:.:..j~ct iou. 

(2) l-1..?LC/7EA: 

A hi5h pr:!sS:..?.::'e ::.:~t!id. c: .... ....-w.G.1.-0 5 -a.:hJ {~?~C:) ".,.;as u.sed :.:i 
conjunction ~ith :ie !SA dec~c:or. 7~is ~ethod .as par:ic~lar:y 
suit:a::ile to t::.e analysi.s cf non-•rnlatile :ii::-osa::i.i::es, suc:i. as 
:-IDPhA.. 
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An HC Pel..!.osil gua=d. col~c.:1 z:id a 3occiapal~ :·;r:.z coluran or sow.e 
times, a ra:::ia.:.-cc::?ressio;: c2.r;:ri:l6 e c10 colu.::::1 •,.;2.s u.sed for 
the n?LC a~alyr.ic2l T_."cr;:.. Th-:; c:1oi.::.e 0£ ~he colun:i d.eper~ded 
on the desired degree of s~ecificity and i~terierence. A solvent 
r:uxture cousisti:1; of 9 r; i.:;ooc:::a::e a:",d 3~: ac2tone at a flo·..; rate 
of 0.5 o.L/w.in was used for all analyses involving HPLC. A 50 uL 
aliquot of the sanple was used for injection into the chroraatogaph 

(J) GC/HECD: 

In this metho~, gas-liquid chrocatography is used in conjunction 
with the Hall electrolytic conductivity detector, where species 
separatiou and detection are accomplished by gas chromatographyaud 
the Hall detector in the ni-rosaaine node. The nitrosa::rines are 
cleaved to produce NO e2.tities which are reduced by hydrogen gas 
in a reaction tube to a:x;::.ouia giving rise to an increase in 
conductivity. The conductivity seasurement is proportional to the 
concentration of the original analyte. By scrubbing out the 
acidic interferences selective a~d sensitive uitrosa~ine detection 
is achieved. 

The analysis •,.;as perfor::ied on a '::::acor !-!odel 560 GC with the gold 
reactor tube operating at 650°C and hydrogen reactor gas at 
20mL/rain. ~ethylene chloride was used for the desorbing solvent 
and an aliquot of 1-5 uL of the sa2ple was used for injection into 
the gas chro;:;::atograph. 

A si:::dlar chrow.atographic colu.::.., as ued i:. the above GC/'{E.A :uethod 
•.;as e:nployed. 

Three la:)oratories pc.=far:::etl Lhe sa::::.pl::! a:::al7s!.s at various ti:J.es duri::.3 
:he investigation period of t~is project. T~o laboratories, Monsanto 
Research Cor?oratiou a2.d ~adi~n Corporation ~ere ~IOSH contractors and the 
third laborato~y ~er~or:J..t~g t~~ cnalys~s ~as the ~-2asurenents Research 
Support 3rac1c:i. (!-3.S3) o.f ~.::::osc:.. 
Monsa~co ~esearch :~c~ ~seC eit~== GC/~"Z-~ or ~2LC/:~.A ~etho<ls, for t~e 
analyses. 'rhe analy~ical range and the precision for both of these methods 
were approxi;:iately 100 pgi~3 to 10 ug/3J £or a 1000 Lair sa~ple and 
appro:tl::iacely s:; ?..S8(re2.a::i-;e sca2.ci.ar:i d.e'1ia::ion), respectively. llil.S3 used 
the GC/~A wethod to analyze the sawplas. T~e analytical range and the 
precision were s,~~lar to ::hose obtair..ed ~y Monsanto ~esearch Corporation. 
?-adian. C.:ir:;ioratio:'. used. t::.e GC/:iZCD Y.er::hod a::d. t::ei::- ar..alytica]. range 
se~si~i'";i:y a~ci. ;J!:":::i..s~8n ·..;a=~ ;;8~p2.ra.:Jl2 to the GC/7.3..\ :!ec.~od used either 
by ~usa2..t.o :tasea=:::! C..J:.--?a::-a::..a:i o= !·3.S3. 

ass~ra~c~ ~~as~=~s. 
ar..al:,ses. 

:o Q.~. c~~cks Nas satisfactary =~~ 
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In case of auy antici?ated delay in the star: o: t~~ sa~ple a::1alysis t~e 
samples were stored in the freezer prior to t~e analysis. Sa~ples were 
found stable for- se·,1eral c.o::1ths '..iheu sto:-ed in this •.,;ay. ~iot mo;:-e t;ia::i. 
0-12: sanple loss occ~rred whe::i. stor~d in the freezer for 6 wonths. 

RESULTS Alm DISCUSS1m;s 

All analytical oethods used i::1 this st~dy had si~ilar sensitivity and 
precision. The choice of ~ethod depends upon the convenience of the 
laboratory and the nature of tt.e ccapounds (volatile nitrosamines vs. 
non-volatile nitrosamnes). S02eti:ues an alternative nethod can be used 
for confirmation purposes and thus, the availability of more than one type 
of nitrosam.ine :::iethcdology was ad.-.;antageous. GC/HS vas used to con£ ir::i the 
identity of the analytes by all groups perfor.u.ng the analyses. 

Although the samples were analyzed for seven volatile and one non-volatile 
nitrosami:ies, oc.ly three, ~rn!'.~.\, NDC:...\., and ND2A '..ere detected above the 
limit of detection (LOD) which was 6.0 n6 /m3. The couplete analytical 
data __ for the nitros2.::d:les are given ia the appendix of this monograph 

The analytical results suggest that ~ost frequently those exposure chambers 
•,;hich contained either diesel ·:xb.aust a;:i.oient or diesel e:-;__,,"1aust and coal 
dust anbient frequen.tly con.taiaed ;;i.easurable auount of either ND}!.-\, NDEA, 
or NDPA. Lor.. levels (belov 10 0.6/:13) of NDM..\ were also found 
occasionally in chaubers coutai~i=g coal dust and cleaa air. On rare 
occasion.s,a detec::.ablequan.ti.ty of ~iIEA or !-tl:2..\. '..'as also found in these 
chambers. Figures 1 a-::id 2 shov the plots of the concentration of Nm!..\, as 
a function of ti~e for exposure chaucers 7 through 12. Cha~bers 7-9 
contained coal dust and diesel eX::.~aust a~ci chawbers 10-12 contained diesel 
e:.:.'1.aust only. Fi.6u::-e 3 ill:!st::-ates the conceatration of !El!·!.-\ as a fuction 
of ti~e, based on its oc~ur=e~ce i~ t~e g=oup of ch2nbe~s con~aining eithe= 
clean air (CI...~.\S), coal dus: pl.:..;s diesel (GO.~.:.n) ,and. diesel exhaust only 
(DIES). Figures 4 a~d 5 shov the variation of the three nicrosauines 
concentrations, ~.m!A., ~:J~A and. ~r:?.-1.., ·.,;it:! ti:::e in t:i.e coal plus diesel and 
t:l2 diesel e:~;,osu:::e. (::l,c2..be::s, re.s?ec:.i.v~ly. As is appa.ren.t £::cm t.he 
results, t~e values obtained froo the noutilly sanples collecced during the 
earlier part 0£ this st~dy did not show any definite trend of variation 
with ti~e. !: ~as, the~e£o=e, thoug~t that the sa~ples of at~osphers 
collected at a closer ti~e inte=val both ~ithin and prior to the exposure 
chambers nighc ~rove useful in estahli.shi2g a trend in the variation of the 
analytical data -..;i::i ti:::.e. :ie:i.ce, i:i. or::iar to investigace tre::icis in the 
nitrosa::une data, sa~?les .;are collec:ai on a ~eekly hasis coccinuously :or 
seven ;.;ee~s d;.!:=i::g t:~e ::ion:::ls of Fe:>r:iary and }!arch, 1982. Thesa 1..;eekly 
sa:ples ~e:e collec:e~ jcc~ i:si~e anci outside (in tie air st:-ea~ prior co 
ente=i:g :~e expos~== c~a=~ars) :~e e~posu=e cha:::bers. 7~e place :or t~e 
sampling po=: far cha outside air collec:ion in the air strean duce was 
c::osen :~ a.·,o:..d. a::;, c:r:!.1:2.::..:..::a~i~=. ·..;~t:1 :~-:! c.:1.a=.~e= c::.J.l~~t b:, c!!.:'.:''...!sirJn. 



Statistical analysis of th~ ?nalytical resulrs ar2 the basis of the 
following discussion. A questioa of sig~ificc::t i=porta~ce is whether the 
diesel e~:b.aust, does, in. fact, ra.ist;! t.=:2 :1ii:=~s.:.:::t:1e le·...-el in the exposure 
cha;::i.bers. Table l p~esents the pe::: c:r:.r of r-~o~C.e::ect:.,::.bl::: nitrosa=iines by 
analyte and cha~~er cy?e. It is ~oted that for ~DEA, for each of the four 
kinds of cha~bers, the perce~t of non cetecta~les always e3ceeds 90%. 
Statistically, the four kinds of cha=.b,~rs do not differ in their NDEA 
levels, i.e., application of a chi-s~uare test with three degrees of 
freedom does not yield a significant result ct the 10% level. For both 
ND}!A a~d NDPA the_chi-square tests yield hig~ly significant results, 
indicating that the chagbers contai~i~g diesel and ccal+diesel a~0ient have 
many more detectable values than the clean air and coal cha~bers. 

Table 2 presents the ~eans and coafficients of variation (CV) for the 
nitrosat:tiae con.c:entrat!ous in ea.c:l ty?e of e:tposure cha.ri!ber. !:-le.ans and 
CV' s have been computed t~;o ways- (a) set.ting nom!etectable values equal to 
O; (b) setting nondetectable val~es equa~ to t~e detection li~it (6 
ng/m3). The frequency distri~utions of the ~easure~ents appear in Table 
3a, b_, and c. 

Tables Ja-c shoi; that t~e:a are a fe~ ~=~s~re~e~ts ~hich ~ight be thought 
to increase the average values aud inflate the CV's. Tree ~easureDents 
(the highest ~easure=.e~ts for the clean air, coal, and diesel chambers) 
Yere excluded for ND}~~. and the ~eaus ~~d CV's were recouputed. These 
new results appear in. Table 2 i=. ?an;;ntheses. 'Ihe ::i.ain observation which 
can be made fro~ frou Ta~l~ 2 is t~at ween t~ere are a significant_nu~ber 
of detect.ables> as i:?. t:le diesel a~d coal-diesel c.ha:i:,ere f_or !iD!·!.~ and 
NDPA, tha CV's exceed 100~ eve~ a£~e= sc~c la=J= values are ex=l~ded for 
ND~~. For the clean air a:1.d. coal c:la~b~::s, t!1e CV' s a::e usually less than 
100/:, with the e:<c:eption. of t:le cl.ea~ air c:la::!.:le:- fa= ~iDE~.\, and the coal 
cha:nher for :int-!..;. Substit:!:ion. of th:2.. detectio:i li:i:.!t fc:: the 
noo.dac.ec.:a.:Jle.s will p::cC~c.e 2~ t!=..ie=ast.i::!.:.:. e c.f ~:l!i: C"-l. I c is clea=, t;lea, 
that the nitrcsan.i~= d~:a is s~Ojec~ tv c~nside=~ble variahi!i:y. 

One oi t~e objec:i7es of chis s=~!dy is Lo p=ovide es:i::1a~es of nitrosaai~e 
conca::i.tratioc.s i=.. the .. ;a:=io!.:.s ~=ou~s of c::.a:ibe=s. P.o;; gocC. chesa esti=..a.c.es 
a re depe:ids on t.hei= precisio:;.. ;.a.s ::.ac etl abova, t::e p:::-ecision a£ t:ie 
nit:;osam.i:ie ::..east.:re=.e:its in. t:"i.::ise cha:::..'b~::s ·..;h=:=e t~e d.etec.ta:Jle le"'tels are 
relatively high, is poor. ~=are ara several possi~le explanations for 
this. Cce is chat cha ?=ecisicn of cha sa2pl!~g acd acalytical ~echod =ay 
be poor. .l.:iot!:le::- ex;:.lauecic~ is :.:!a.t t::le:-a =ia.y be conside=able ·,a.::-ia.bilit:.y 
i;:i t:1.e 6enerat:ian of :1.i.:::osa=-i::es f::-0:1 :he d.ie3el fuel. 
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Data on the preci~ion of the analytical =ethcd is ?resented in Ta~le 4. 
With each batch a£ field sauples, sa2?les ~ith kno~n spikes were ana!yzed. 
Analysis of the spiked sa=?:es ?rJvided the pre~ision esti~ates as give~ in 
Table 4. The CV's for ~m!...1.., NiJE:A, and ~;'D?A. are ZQ;;, 16~;, and 25~; 
respectively. 1hcse, then, are precision esti=ates for analytical 
variability. Assuwi~g a scJplirrg e=rcr esti~atc of 5~, t:~e total saupliug 
and analytical variabilities ior the above analytes are computed to be 25%, 
zi;,, and 29% respect~vely. 

Examination of the CV's of the data in Table 1, is not adeq~ate for 
detenaination of the generation variability of the nitrosa~ine data. An 
analysi.<;; of variance 2.ppro2.ch ca::. be taken to adjust the :l'DE . .\ data for 
difference from year to y~ar aud ~onth to aonch. (See Table 5). The 
analysis is done on. the log scale, since sam.pli::g da.~a such as this is 
often thought to b~ distributed log-:ior::ially. Also, the LOD value of 6 
ng/mJ for those values less tcGu che LOD has been used. The pooled 
precision is now 83.4:, so there does see~ to be considerable generation 
variability in the data. r..,.e an2.lysis of varia:1ce also allows us to 
concl_ude that there is a statistical di£fere:ice in the c1.ata from year to 
year.!he data for uitrosaciae covers the period fron }iay, 1930 to Nover.J.ber 
1982. The average ND}L.\. neasurG:::e::!ts for 1982 are higher thz.n those for 
1981 and 1980, at the 1: probability le·:el. ~ithin each year there is so.:ie 
non-homogeneity. The measu~e2ents for }fay, 1930 are higher (at L: level) 
than thos2 for the other 1930 ~onths. ror 1981, the ~eas~re.:ie:1cs for 
January, February, an.d ~!ti.rc:i are statistically higher ttan the measure:uent s 
fo~ the other ~-0nths. Ihere is au appea=ance o! a slight cyclical trend in 
the ND~L~ data--fro3 June, 1980 to Janua~J, 1931, rising; fron February, 
1981 to 1;ove:ilber 1981, falling, ar:c af:::er that soce variability. ?or the 
~D}f...\ data, then, it ca;:i be co~cl~!.c.ec. t:12.t t'.:le:;:-e is variablity of tl.le 
~easured levels over ti~e. Also, soze of the excessive variahility i~ the 
data (CV's ex.ceed.i:13 100~) is due to i:.:::i:.s ·ia=iabili.ty in the gener2.ted 
a~ount of !i:)~·!..:\. Ir ia n.cted t:lat t~2.=~ is s~ill c.o:l.siC.e::c..:ll:; u:--..ex?l.2..::.:1.ed. 
variability, sane of ,...;hic,h "2..a7 be du~ to di.f!~:::e::ces £:.-o~ one type of 
chacber to a~other. 

By fitti:Jg an aualysis o~ vz=~2.n(:~ ::c<lel to t:!e ~;J!~; d2ta> a:id, i:i addition 
to adjust~ects far yaa= end ~c~th> ~~i=6 cdjus~=~~cs for ch2~ber type,tae 
CV of ~;le data :!.s =-eci.:1.ceci. to 67 .s:;. !Ji~sel a;:C. coal7'diesel c:1a:i!~er ~;Di{;, 
~sasu=e~e~ts ar~ clearly di~~e=e~~ f=a~ cc~l c~d clea~ al= c~anber 
~easure8e~rs, a: :~e 1: le?el, but are ~ot di=!eren::: frcn each other. 
~ne reduced. C? data o= 67 .8: for :::::>.£. •;a!..i.:.es for !iD~:...\ alou2 ca;:i.no::: account 
for the tccal variaOilit:, a£ t:le :ieasur~d 2..cal7ti~al values. T~e esti::..ated 
san?li3g and an2.l7:::!cal erro~ of :s: s:ill leaves ~2.s: of :he variahili:::y 
of the data !.l~accou.n.t~d for. ~:':is .. ,2.:::-i.2:lili~y :::...,.?..y ~e d~e to :.luk::..c~-n 
vari.~ble fc.c:ors a.:..:~c:~:::g ::::.e. g~::.e=2.:.i~c. 8f ~he :1i:ros.a:a.i:1-2s. 
=accors ~cy i~cl~G~ ~~=~Gt~~ ~~::.i.:~d to :~a st'e~i~s oi a~~~a:s 
:he eX?OS~ra cha~bers, =~el ~--r~~i_:~n. a=j!~nc air c~=?asi:io~ 
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Nitrosaci..:l.h.e valuesfOr the cl~an 
>~xpectedf'o he/equ~t:a.fent across<the 
contributions due toia.:ii:.i.al species 
Equivalent nit:rosafuin.e con.centratio::s 
chambers, alone and in combination wi::;i. 
reservations for animals factors a~d a possibilit 
bet\oieen coal dust ac.d diesel ex.'.aus t ,.:.or.1pone:1t s. 

Because of the luvet number of nondetectables fa !:he C::.<!se of iaiih~r NDEA or 
NDPA, the stastistical approach of analysis of variancE: cannot be taken, 
The NDPA data is somewhat different from the UDH . .\ data, in that most of the 
detectable measurements occur in the 1932 data, For NDPA, in 1980 a?.1d .1981 
only May, 1980 and June, 1981 h::.ve detectable quan.t itles. For the 1982 
data every month a.fter April, 1982, has detec::2.bl.i quantities of NDPA. 
This does suggest that there is a difference bet•..;ee.n 198J and the earlier 
years. (See Table 6 for Tables of nu:.i.bers of non-detectables over time). 

The results of the statistical analysis of the analytical data can be 
SU!l1Illarized as follows: 

a) Fpr NDH . .\, the diesel cha.:ibers ha·,e stat: istically higher qt,ant it ies of 
the nitrosam.ines than the non-diesel cha::ibe.rs, However, there is a 
statistically significant variation over ti~e. This is one of the 
reasons that the CV's are high. 

b) For NDEA there. does not appear to be ouch difference between the 
measured nitrosam.ine data in the. diesel and non-diesel exposure 
chambers. All have percent nond.etec::ables i:1 e:l:cess of 90:~. 1'hus 1 

there appears to be ali:!.ost no ~.OS...\ present in those chambers. 

c) For ND2A, the diesel c:ia~cers nave statistically highe.r 
the nitrosaaines che::iical than t::i! non-diesel ch,:unbe:rs. 
detectable a~ounts occu:: in the 19S2 data. 

quantities of 
A.l:::10st all 

The slli:!I:lary statistics for the th=ee ~it=osaw.i~es are presented in 7able 7, 
w-here average figures £or :1D2..\. o-:.te::- t:!e t:hree-ye.ar period, und sep~.rate 
a·;erages for t:!ach yea-:; fo:: !iD!·!.:\ a:J.d !ii:2.-\ are gi·,e:i, 

The weekly data in this study provided the sa~e dif.:erence by chamber 
group as the oonthly data. On th::ee di.:fere:cc occasions during the study 
i,e., on March 3, 31, and Septe~ber 29, 1982 the sa::iples w~re collected in 
che mixi~g cha~ber for 2,6 and 5 hou::s each ::especcively. The diesel 
e:<.i.°"1aust in the :n.i.:•:.i:1g chc.~b~r -r,,;as susequen:: ly dil1J.C: ed to one-ni:it: h. of its 
original composicion prio= to ics eGc=y i~to the exposure chaobe~s. As 
such,the sam?les coll:c::d i~ :~~ ~ix~=6 ~~a~h~r should co~:ain ~uc~ highe= 
conc=c.:.:::ac:ions a= :ii:~osc.ai:ie.s if the:, a.=e ?r,::>duced i:i t:le ~£fluent f-:-ow. 
che diesel e:--~gi:J.e e:&.ausL. 7:1.e =esu..'!..t s 'J: :1.!..:.:i::5 c=:a:ibe:- sa::..ple a.::.a.:.:,sis 
a:e shown i~ 7able 3, 
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1s.is.bbvH:ms f.t?ra:/the .. low··+1;v~ls.of/.;if5Cro.~~.':~.B .. e~.T·j;lt •. J~ .. PH~c%i;!'l·,:~i~.t: 
~ypot .. n.esis·.· that5~i .. trosauines ~.er.e/pro~~~~1.;.1~;f7.iy i:1 the.;d{e'~ ~l iin1; ffi,;; 
e:-chaust does not appear applicable in this<cas'e•F 

the /occasfcnar. preseni:e of .·:faai.1· ~t10Jns~ ?.r ~fc~.~i~~~§~. ~~ t:We !~:~!rig. 
··c:hat1be:; a~d tne;observed scat teir fn theyov~ra~J>:na~yt;ca~ values tOf 
nlt.rosamines .. pr.eseo.t in the ex.posure<ch.~rabElr,.;}iBf?.!llP.t:.~ ~ .• ri: use./bf samplers 
containing nitresatable analytes ~u.rlr1g3.thei ii~.e~t1iatl~~{ .. /!h~!/'i~·ai:ip1e.r.s 
consisted· of Ther:aosor!l tubes impregnateid ~ith a/hieh ~.ont;entra.5l(j~ ( 1-5 
mg) Of .. an .. amine \0 f .relati Vely hig~ .c.OlElCUl~t'?vlEl.l~ri.t .. JIS.8tllg.?gr11.(fgsg .~s 
thiomorpholine or morpholine. ·.·Th: am.in~ .. i.e ... t~e ~ub~s}s ~onyerted;/t a/the 
corresponding nitrosamine in an atmo~pheire/co~tainir1g>nit~os7"ting;.> ; 
precursors such as oxides of nitr~gen or oth:;: ff~t.fpg~~?u~.S?~P~~;e.s .whiS~ 
maybe needed f.or nitrosamne forciation •. fneie ~itrosating ~m1~.e }araplers 
were used on three oc.casi.;.ious during this study, i.e;., in the m~nths of 
June, July and Di!cember, 1982. Air b.side as \.lEll1 as.outside the ~hambe?:s 
was collected for analysis of nitrosated ar:iines; Ch.ambers with. animal:; as 
wel.l as the emi:-tY cha:ibers were sampled. Substari.ti,il.a.l!lounts oi the 
t>.itros.aru.nes i.;ere for::i.ed on these nitrosatable tubes in the ar:ibient of 
insid.e as well as out.side the e:cposure chaubers, more being formed inside 
the chambers than out.side. Air in clean air and<coal dust chaobers 
produced less N-u.itrosamines than the envirom:1ent of diesel and coal dust: 
plus diesel. Because of the nature of nitrosating samplers ~o ~ua~tnatF6ri 
of nitrosation data '..as possible. These analytical results indicated that 
precursors to n.~.trosac.iae for::iat ion are present in a.nd prior to/each 
exposure·chanber as evidenced by.the nitrosatable amiue. in satiplersbeing 
converi:ed in.to the correspondi:ig n.itrosa::i:.ae. The results, ho,,;evef, . 
suggest that amines, probably from the c!ies el engin .. , 2,nd t:ie nl. t :-6ger1 
oxide inherent in the ex?osure envirom:i,rn:: may be coobining lead ingi to the 
praduccion of the obser·1ed nit:rosa::.1:.:ies. The ::uxing ch.;.rab."r e'l.vi:-oh:acnc. 
~ay not have adequate precursors of ni~rosa2ines (~Ox) present most o( ~l~ 
ti:ae, or sufficient raac~ion. reside~ce t:i2e, thu.s produci.ng on.r:, ~i·:i=i=-~~~. 
amount of nit.rosa::iines ... ri.e ?recu::scrs of che nit-::Qsacion rea::cion ::ia1 
also arise fro;;i the a:une con.c.a:u:ia.cion i:i c.he cleaning a:;e:it. .:i, pi:ec:arsors 
origin.at:i:ig frca 2ni=.a.l feed. or e:.:c:-ec:a i~ ::he cha::i.bers or ---othet 
nicrogeo.eous com.pounds used. i:1 the ex.iosura ch,.w.b!:cr e:1·.tirot1.:rrent. Thus t 
observed nit!.""osacines a;,pear to occur sue.sequence to the. e:r..i.ssiod 6£ die·se: .. 
e:;:..'-iausc from the e:igi:ie. Scaccerin6 of analytical data -.:i.ay possibly. be .:he/ 
result of an un?-::ed.ict:ec. a::i.ouac o.f the :-esic:i.:al i)r1'!cu:-so:-s pn,s~ntffn che 
sarapling sites. Eecause of the lack of a sou~d e.:9la;:ation for th~. 
presenca oi N0--4 prec!.!::sors i::. the cha:iber en .. 1:!.:-on.P.enc c he f or-i.ac ion).'.:_-·anci 
occ:.irre::i.ce of !i-:ii!rosaaL:1es i:i. the e:90.;ure c:i.2.::1bers a::~ not. .::learly 
unders:::ocd. 

a 
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Chamber 
Tzoe 

CLE.AN 

COAL 

DIES 

COALD 

TABLE 1. NlI'c-iBE:1 (N) AND PSRCE:lT :;o:-rnETECTABLES 

BY ANALYTSS A:rn Cl-L!.HBER TYPES 

Nm.rA NOE.A 
N ., 

N i. N ,. 

91(96) 95 88(90) 98 89(9]) 

77 (92) 84 84(86) 97 8 7 (89) 

35(92) 38 81(86) 94 70(89) 

36 (92) 39 78(86) 91 70(89) 

NITTE: Total number of sa;:;i.ples are indicated in parentheses. 

NDPA ., ,. 

95 

96 

79 

79 



"l'ft.111.E 2. IIEAIIS AUil COEfftCmrs OF VAHIA'J'IOII Of' ACTUAi, N!'J'ROSMIINF.S DATA DY CIIAHDF.R TYPE 

tlllllA 
. 

,tllll-:ft. IIDl'A ---------· _,_,._ ---- -·-· -·-·--·------
t;h,1111:ht~ .. Jiu. ol oho. tt,•.in {I.OIi) t:V tfi,1111 \ ()) CV N•>• nf Oltn. Hl!BD \I.OD) CV llrmn ~I.OI)) CV No, of Ohn, Moan iLOD) CV 

Ty1••! (II J { n1:/w I) (::.) ( ng/11 ) ( :t) (II) (ng/m· ) (%) (ng/m) (%) (ff) (ng/111 J % 

----------~·----- --··-· ·- ·····------ ···--·--------------·-
-· -------~----- --···--·- -· ---·------------·····----------------------
,:u:.\11 11b I• ·1 1511 1.6 no <JO 6,9 I IU 1.1 7lJU 'JJ 6.3 27 

*( •r, h.Z 21 IJ ,1,5 \lO)" 

COAi, 'll Ill l'Jll 5.] J'JO fl(, 6,6 611 0,7) 720 U'J 6.6 66 
*( '.II 11.b 1211 J,'j Jlll)" 

lll t:S 'J! J", 11,U ]] lfi(J 06 '),I; 170 ,, ,0 ,,,,o U'J tJ.5 110 
•( 'Jl :11 I HI 211 120 )It 

t:1•Al.ll 111, 1,.11 ~, '} l .1 ,,so '12 )/1 1)0 )2 J/iO U'J 10 150 

// ,.= ----- -- --·- -----·- ----

Nut',i: ·;.-, tt,•a11 (o) ,.,.,,J,u·,·u 111111,lo,IP,~l11l1leo by 7.er11 nc/1111 rnr computing menne nnd eve.' 
i: n-.an (I.OIi) ••·1•111,,.,., 11011ilrlectal,l.,u by I.OIJ of 6 ng/ml (or co1aputlng mt!llllB nml CVo, 

HF.All (0) 
(111:tm'J J 

(I ,5(, 

O.ll'J 

4 .IJ 

5,1, 

CV 
1 

:;uu 

'.>'JU 

2',CJ 

JIU 



CLEAN COil.I. 

Jtentling 
lng/u13, 

Frequency Remling 
l ng/1113) 

Frequency 

LU1> 9 1 .(LOD 77 
u.o 2 1.0 3 
8.9 l 10 3 

j 18 l 11 l 
l l.J l 12 l 

20 l 
22 l 
30 l 
/16 1 
Ii 1 l n,. 1 

170 1 

~,
;. .. .._, 

TABLE JA~ FREQUENCY DISTRIBUTION OF MEASURED NITIWSAMINE 
DATA FOR NDMA BY CHAMBER TYPE 

DIES COALD 

Rending 
lng/m3) 

Frequency Rellding 
(ng/m3J 

Frequency 

/.. LOD 35 <LOD 36 
7-10 ,, 9-10 2 

11-20 10 11-20 13 
21-30 11, 21-30 7 
31-ltO 7 31-40 5 
,,1-so 5 l,1-50 8 
51-60 l 51-60 3 
61-70 l 61-70 6 
7!-00 2 71-80 3 
81-90 2 81-90 3 
91-100 1 91-100 2 

101-110 3 100 l 
111-120 3 l/iO l 
131-1'10 2 150 l 
160 1 410 l 
260 l 



/ !.(l[) 

"'· L / 

Tfl!il.E ·rn. Fllt•:CJll!•:w;y lll:C:'l_'l/ l UU'J'TON c:,· MEMrn1n:o NlTIWS/\l1INE DJ\T/\. FOR NOi•:/\. BY CH/\l·lBtm TYPE 

''\' i)d 

!,call i 111: 

(nG/m3 ) 

< LOil 
l/ 
/16 

l'"roqucney 

8/1 

1 
1 

______ l)JE.~----

Rcadine, 

( nr.;lm3) 

..(_ LOD 
8.0 

10 
22 
30 

Ft"cqucnqr 

81 
l 
1 
1 
2 

___ c_,O_A.LD ______ _ 

Read i nr. 

(n~/m3) 

<LOD 
15 

16 
20 
116 

86 
130 

Ft'cqucncy 

78 
1 
3 
l 
1 
l 
1 



l/\llLE 3C. FHECJ-!Et-CY DISTIHBUHCN OF M:I\SUHEO NllHOSI\MINE 01\Tf\ FOR NDPA BY CHN~OER TYPE 

CLEI\N ---------·------
neaLli 1),1 

( nJ /1113) Frequercy 

-·----·--------·------

L!JJD B'J 
e .. 3 1 
10 l 
l 5 l 
19 l 

11eadir~ 
( fXJ/1113) 

(LOD 
13 
15 
116 

COI\L 

Frequen:~y 

86 
l 
1 
l 

. . 

Readi r'lJ 
( ng/rn3) 

<LOO 
7-10 

13-20 
21-30 ,,1 
97 

100 

DIESEL 

Frecµercy 

70 
7 ,, 
5 
l 
l 
1 

COJ\L !\ND DIESEL 

neadirg 
(ng/m3) 

<LOO 
9-10 

11-20 
2l-30 
31-110 
ill! 
65 
73 

Frequercy 

70 
2 

12 
l 
1 
l 
1 
l 



---A~YfE-- -- - NO. or- SPilf:S - ~ENJ PECGvERY . STANDMD D9/IATICTJ 0/ 

~ -...... 

'''.\',lf\ ,. ' .. 
i .l .t 

tuJFJ\ 

mrA 

25 

211 
I 21 

0.75 0.]5 20% 

0,89 0.]5 16% 
1.0 0.2S 25% 



'l'AlH.~ 6. NUHIIElt OF NON-DETECTAIILE NITHOSAHINES IIY TIME (YEAR) 

NDHA NDl~A ---------·--
1900 191.1 l 1982 1980 1981 ~982 1980 

,<\ou 68 I 0/1 67 zwn 80 10~ 11,2 (!.OD 81 

)r.ou 15 S2 63 )ton /1 ll 2 ) I.OD 3 

NDHA Chi - ticpuu-c ... 20.93, 2 degrees of freedoine; probability level (.001 

NDEA Chi-t1t1'uu-t! - 8.53. 2 degrees freedom; probability Levelrv O.Ol/1 

HDPA Chi-s,1uar~ "" 1;8.53. 2 degrees of freedom; probability level .( .001 

NDPA 
1981 

129 

3 

1982 

10/t 

,,o 



TAlll.E 7. STATISTICAL SUMMARY OF NI'l'HOSAHINI~ VALUES BY ANAI.YSES 

Anulyte (Chamht!d 

Type 

umtA {Cl.l~AU 
AUD COAl. 

Nl>HA ( l>I l::H 
AU!> COAi.i)) 

tmEA < ov1rnA1.1.) 

N!H'A (CLEAN AUil 
COAL) 

UUI'.'a (DIES Alm 
COAI.l}) 

1980 
l CJ!ll 
llJll 2 

19BO 

J9Hl 
l9B:! 

I 1Jil0 
llJBI 
IIJH2 

1980 
l !.JU 1 
ICJU2 

CIIAHllEll TYPE AND 'l'UIK (VEAR). (HEANS (0) AND. l-mANS (I.OD) 
UEPI.ACE NON-DE'l'EC'l'AllLE NI'l'HOSAMINES ll'l zmw NG/M3 AND 
6 NG/l-t'.l FO!l COHPll'l'A'L'IOH PUltPOSI~ RESPEC'l'IVEI.Y) 

No. of Ohu. 

,,,, 
78 
66 

110 

78 
66 

31;8 

,,,, 
66 
72 

/10 

66 
72 

Ml!nn {O) 

(ng/1113) 

1. 7 

0 
0.98 
0.93 

{i. 6 
0. 18 
8.8 

CV (0) Mean (LOO) 

(%) 

570 
390 
500 

170 
130 
l/12 

600 

0 
620 
350 

360 
810 
150 

(ng/1113) 

8,6 
8.3 
9.3 

26 
29 
45 

7.4 

6.0 
6.8 
6 .1. 

12 
6.1 

12 

CV; (LOO) 

180 
120 
220 

130 

0 
76 
27 

180 
12 
93 

----- ----- -----------------------------------------~. --------------------------------



Suurct: 

Vt! ll r 

Month 

Et·ror 

'l'Anu: 5. ANALYSIS 01<' VARIANCE F'OR NOMA 

Ill<' Sum () f 

2 7 ,:; '.' , .... _J 

111 Yt!Hl" 2H 80. 5 

]ld 21i 7 

<:V-·-011 od gin al 11cu le which 
... /. m- .. ,;;:-;-a 2 

]/11 ~I 

llF--lle1;i-cc of Frceilom 

S11uarca F Vulue Prob.)F 

, .. a1 0.009 

3.68 0.001 

is upproKimately equal to the standard deviation on the log scale 

- 0.8811 



. . . . . . 

TABLE 8: ~lITRCG~MI NES FCl 1'. lD IN fl I ESEL.fll::!AUST BFFOEE DI UDJ..CT.l 

...........•............. 

SN,'f'L!NG DliII S£!'.EtE VOL. ~ NU:A lliEA 

cJ) (NG) (NG) (NG) 

3/3/_fQ 0.12 <5,0 < 5.0 < 5.0 

3!31i8'2 0.72 6.5 < 5.0 15.1 

9/21/82 0.61 <5,0 < 5,0 < 5.0 

. 
LOO <LIMIT Cf QUPJITIT1WIO'D == 5, 0 NG 

20 



C 
0 
N 
.c 

·c 
0 
N 
C 

C 
0 
N 
C 

F1G. -1 NOMA CONCENTRATION lN COAL/DIESEL CHAMBEf(S 
. UNffS .ARE NG/CUBlC METER 

2t2HZI~ 

~W~~~~ 
MAY90 Nf.JVS0 MAYSl NOV81 MAYS2 .NOV82 

CHAMBEF~ ~3 

MAYS@ NCJVS0 Mt\ YS l NOV81 Mr\Y82 NO'/S2 

Sr\MPL ! NG MONTH 

CHAMBER 9 

2l21@-:j 
--I ... 
...;...t" 

~ \ ~~...... ~-:·•. ~~0~ i /~...._ rzl~ ____ / ~- ~- ~ ··· .... -·~ ,· 

"• f I r---r- • • r--r--rr . ,--,. ·' .' r- t ' i , ... 

~.j .A. y s !Zl NOVS!Zi MAYSl NOVS2 

SAM PL.! NG >r-.foN-rH : 

;;:ii::.: 



CHAtv18 EF~ ·1 C) 

M,\Y80 NOVSr?J MAY81 NOVJ31 

SAMPL I l"·IG ~·10NTJ-I 

CHAlv18EF< 1 1 

Sr\MPL. I NG MONTH 

CHA~11SE:F~ 1 2 

308-j 
C I 
a 1 ~'./r-: ~ 

N .... .. i.,,. )" :, · i·'-, . /"'-. 
C ~J 1 \.,__ ___ ,,_,,; .. ~ , .... .___,,.....~ ~~,/~·---·J. . ~--.,--,-·,•· 

~-r--r-r--~-r- ,.,... .. r--r ·-r--r--r-,-.-·,---r•" .,,-~~,·-·· I ·-,~·-·,-·r·-'('4 1·~-.. 

MAYSG 1'10V'8r.J ~IA.Yl11 NO'lu1 M1\Yf'.l:a NCV~;c: 

5AMPL... t NO MC1N"tH 

~ 



CL~N AIR CHAt,11BERS 

MAYSS Novae MAY81 NOV81. MA.Y82 NOV82 

SAMPLING MONTH 

DIESEL Ct-iAl'~BERS 

___ __j\ 
,. ... ,, •• ,TT 

MAYaa NCVS3 MAYE"- NOVSl MAYS2 NOV92 

SAMPLING MONTH 

COAL/DIESE'- CHAMBERS 

MAYS~ NCVS'ia MAYS! NOV61 MAYS2 NOV82 

SAMPLING MONTH 



C 
C 
N 
C 

2me-j 

1B1\_ j 
I • • 

MJ\Y90 

2rt'!Jta--t 
l 

C ~ .. o 1mm.....; 
N :,r\ 

NOMA 

• • • t • - a • w • I •- a 

MAYS1 NOVB1 MAYS2 NOVS2 

SAMPLING MO&'laH 

NDEA 

C ~ ' ...... __ - I ),. -~ .. " & • ~ .... ,-~--..,i.-........,.__,,._,. __ ...,®_f_1_1_,_" .... ,_4_, 
I • • 1 1 I I a ·-r-r-rr-· '11"'1-r• -r -· -•-·-a-·._.,_.,.-.,., -r. --ra --..1 -,,... -ra. --..-. --r. -.-. 

MAYS2 NOVSS MAY81 NOVSl. MAY92 NOVS'2 

SAM?Ll:NG MONTH 

NDPA 

C .. 
C 1. 21'.3-:! 
N 
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MAYSS Novas MAYS1 NOVS1 MAYS:! NOVS2 



C 
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C 

MAYSZ 

22121-j 
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~ 

0 12fa-t 
91 
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Novae 
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MAYSl NOV81 MAYS2 NOVS2 
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N 
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