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ABSTRACT

The atmospheres within and prior to the animal exposure chambers 1n the
NIOSH diesel exhaust/coal dust study were moniltored for the prasence of
seven volatile N-niltrosamines. The samples were collected on a monthly and
sometimes on a weekly basls., Tha analytical results showed frequent
presence of N-nitrosodimethylamlna in lov nanogram (0-150) amounts mostly
in the chambers contalning diesoel exhaust and dlesel exhaust plus coal
dust. Low nonogram coancentratlons, usuvally lower than
N-nitrosodinethylanine, of N-uitrosodiechyl and M¥-niltrosodipropyl amines
were alsc found occasionally 1n thase chawbers. The presence of
nitrosamines In the exposuvre chambers ware larzely scattered with relative
standard deviations in diesel chambers in excess of 100% and did not show
any defiaite trend of occurrence with time. The samples were analyzed by
either gas chromatography~thermal energy analyzer (GC/TEA) or by gas
chrgmatography-2all electrical conductivity detactor (GC/HECD) methods.
The analytical limit of quantitation in both methods was 6 ng/m3.
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Sample Analy
whose cozaca

The analyses were paxzfo
descripticn of thase zetheds as

(1
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NDMA
NDEA
NDPA
NDBA
NP12
NPYR

k or:.the:-following

: ow.
Nitrosodimethylacine
Vi:*osodle*“ylani“e

Jlt.oscdlautylamlaa
Nitrosopiperidine
Nitrosopyrrolidine

NMOR
NDFhA

Hitrosomorpholine
Nitrosodiphenylamine

orzed by usinz the followin
well a

GC/TEA:

A gas—liquid chromztograpk (GI) equipped with a thermzal energy

analyzer (TEA) dersctor was used for the N-nirrosamine analysis.
In this detector, the M¥—-N Dond of RpN-N=0 is catalytically
broken, N0 is combiced wirh ozone to produce an excited Nij

molecule which is detecrzed by luminescence produced on its
returaiog to the grouod state. The production and detection for

the exicted nitraso radical is proportional to the conceatraticn
: ia the amelyte.

of the pareat N¥-anirrosaniae

'

A 6frv. glass Carhowax 202X XC0H on Chrcmosord W 100/120 mesh
chromatogrzpaic columa was used A desorbing

solvent cousisting of 735 mathylense chlovide and 25% methanol was
usad for Thier:moscrd tube semplas. TFilters samples wera extracted
with methyleze chloride. Temperature conditions wera: pyrolyzer,
530-500°C; intarface,223%C; columa, 120° for 2 =aia and then
progamaed to 1309C ar the rate of 9° per minute. An 3-10 ul
aliquot of thie sampls was uvsed for injection.

HPLC/TZA:

A high prassure liguid chromatography (H2LI) was used in
conjunction with the TZA detzctor. This method was zarticularl
suitable to the analysis of noa—volatile aircrosamines, such as

to



An HC Pellosil guard columa and a 3Bondapak NEp column Or:some
tines, a radizl-comprassion cariridga Cj3 column was used for

the RPLC analyticzl werk. The choice of the ¢oluma dependad

on the desired degrea of specificity and interferance. A solveat
nixture con iscing of 97% iscocrtane and 3% zczstone at a flow rate
of 0.5 ml/ain was used for all analyses iavolving HPLC. ‘A 50 ul
aliquot: of tﬁe sample was used for Iajection into the chromatogaph

(3) GC/HECD:

In this methecd, gas—liquid chromatography is used in conjunction
with the Hz11 electrolytic conductivity detector, where species
separation ard detection are accomplished by gas chromatographyand
the Hall detector ia the ni-rosamine moda. The nitrosamines are
cleaved to produce NO eatities which are reduced by hydrogen gas
in a reactioa tube to ammonia ziviag rise to an increase in
conductivity. The conductivity measurement is proportiocnal to the
concentration of the orizinal apzalyte. By scrubbing out the
acidic interfereaces salective and sensitive nitrosamine detection
is achieved.

The analysis was periormed on a Tracor Model 360 GC with the gold
reactor tubz operating at 630°C and hydrogen reactor gas at
20mL/min. Methylene chloride was used for the desorbing solveant
and an aliquot of 1-3 ul of the sample was used for injection ianto
the gas chromatograph.

iz the above GC/TEA method
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& similar chromatog
was employed.

Three laboratoriss periormed s at various times during
the iavestigatioa pericé of ¢t laboratorias, Moasanto
Rasearch Corpor ticu and Radi re NIOSH coatractors and rhe
third laboratory perioraling the2 analysas was the MYeasurem=als Resaarch
Support 3raanch (¥RS3) of NIOSH.

Moasaato Research Izoc. used either GC/TZA or HPLC/TEA methods, for the
analyses. The analytical rangs and the_pracision for both of these methods
were approximately 1CO 93/33 to 10 ug/33 for a 1000 L air sample and
approximately 3% XSD(ralartive standard deviation), ;e;pectlvelv. MRS3 used
the GC/TEA method to azalyze the samples. The analytical tange and the
pracision were similar to those obtained by Monmsanto Reseazrch Co*pora lon.
Radian Corporation used tha GC/HEZD Merhod and their analyticzl range
sensitivizy and praczisisa wera comparzbla to the GC/TZA Method used either
by Momsanto Rasearch Lorporziioan or MAS3.

All anzlyses wera challangad by spiked semples and other MRS3 quality
in2 response to $.C. Chacks was saci" actory Zor thsase
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Incase of aay anticipated delay in thée §tarz of the sample analysisitha
samples' were stored in the freezer prior to the znalysis. Samples were
found ' stable for several months when stored in this way. “Not more than
0-12% sample loss occurred whea storad in the freezer for .0 months.

RESULTS AND DISCUSSIONS

All analytical methods used in this study had similar sensitivity and
precision. The choice of method depends upon the convenience of the
laboratory and the nature of the compouads (volatile nitrosamines vs.
non-volatile nitrosamines). Sorerimes an alternative method can be used
for confirmation purposes and thus, the availzbility of more than one type
of nitrosamine methedology was advantageous. GC/MS was used to confirm the
ideatity of the amalytes by all groups performing the analyses.

Although the samples were analyzed for seven volatile and one non~volatile
nitrosamines, orly three, NDM¥A, NDEA, and NDP?A were detected above the
limit of detection (LOD) which was 6.0 1’/m3. The conplete analytical
data for the nitrosanaines ars givea in the appendix of this monograph

The analytical results suggesh that msost f*equ=1cly those exposure chambers
which contained either diesel 2xhaust ambienr or diesel exhaust and coal
dust ambient frequeatly coatainad mazsurable amount of either NDMA, NDEA,
or NDPA. Low levels (below 10 n*/:3) of NDM¥A were also found
occasionally in chambers coatzinizg coal dust and clean air. On rare
occasions,a detectablequantity oi MNDZIA or NDZA was also found in these
chambers. Figures 1 and 2 show the plots of the concentration of NDMA, as
a function of tize for exaosu*e chazmbers 7 through 12. Chambers 7-9
contained cozl dust and diesel exh O ¥ 10-12 contained dissel
exhaust only. Figure 3 of HD¥A as & fuction
of time, based on i: 2rs containing either
clean air (CLEIAN), ] 2 iesel exhaust only
{(DLES). ~Figures 4 a s h ee nitrosamines
concentraticas, uDhA, NJZA and NDPA, w ceal p1us di=s;l and
the diessl exposurs chazbe
resulrs, the values obtaine
earlier pazt of this study
with time. It was, thers
collected at a closer tin
chambers might prove useful
analytical data with tize. EH
altrosamizne data, sazmples w2
saven weeks durizg the zoath

o
3
m(
rt
N
12
n
e}
(3
m
B
(73
W U
3]
tn

"J O w
b-.a

ar
s collac:=d du*ia” the
ran

[

aples of atmosphers

aad prior to the exposure
trand 1a the wvariatioa of the

o lavestigate rrends ia the
weakly basis contiauously for

h, 1982. These weekly

Qrv
6 &

4 MY}
s
He g
[a)

e ;1‘ i1}

<«
fu
[ %
o
[¢]
o° 3ty
X
B

13
3}
v
-
13
AWy
m B
tt Uu

i}
1
0n
rr
bs @
pie O1°
e
23
w o u rr
#

Q
) b
(]
[GAN 1]
Moy
£
(o]
o]

1
1]

o m oot QLN

e by O

v L

ISR (1]
[\
9 g Y

[eNe:
[}
(¢

s
b b

(]
v

N
"
v

Uy
n O p
S R /]
(v kg
Q
2
[N
5
o
(1]

=



Y Q - 0] By
$a = Iy jord [#] 1 oa i) ey 1l
e ) 5] L3k ) 13} 4o e W
000 3 -4 a Ne] (VRS ) | XN K& e J ] 1 4
Yd el 3o — -~ un .0 O W ¥ L f ot
0 [} “ (el A 2o i g 3 g O ) ) {7 B e 5 I
U q e o) o] [V ERG ] O M3 2] ) n 4 - 00 o
TR o A 3 [] [ =] SUoa @) g a0 'y [0 T2 I SR} I PR N |
I} oo Qo ] (SR Y] Ne] Hof.n 3 a v a aj bW o JE Y]
o 1y [eA W oo ou s~ o (U] o <) 0l Gl I &Y
13 W 4 n Ot o Moo el LT VN 4] [N o w U et 2N
[ B e T/ T TV I ¢ S B ) O oy L0 0 o oB -t ™ [S I v o
Wt o] U oed @ (] - g e el M nw VW )~ L8} al
o (U R TR W 4 a o g woa woP s SR A O B [ o)
W) A 2 L) e o A2 ~ o W Ko N e B I X L+ S B VRN e R R | 0w o
%] I S B W R VI n ] ~ 81 20 2 St B s W) &) %} o] wof
o] oo 9o o oo [ SN = a3 e oW DN o= u.n 0 'Y on
(9] v o 2R S T N ~ 0 1 Hao a4 0.0 MO i o GO e
o o) i PR I I IS .0 . O W) O 4] ul O rd IR ]
A e ] Ve O P H A M LI oW (VN IRIR] Y] b))
U N M alkat 1N Q W Lo J g Hof n Hun LI} h Y
al [ O VR e B 5 BT L e B S ) ot o] ot n o LI ot R M
K9 i3 A R4 WO 00 PRV R V) N oo m ] ISIEE S} [ )
™) th ot eed g —~ lu v i JURN T L I AR Y] - g Ll mutoa
LV TS 1V RS B v (&3] el Q) A M ] ] o= g ocrd Qe [ 51
o [ L B IS BV R v M MY N n - "ty ol {010 (%]
$4 A a0 w0y o ool w9 on bl ! a3 (GERT] 3w LU
N "y wowow o Wow [ B BV O W & n ANy Y] S % B
[ SR B ] ™~ Q it W a) 0 n R L NS T R TE I ] wt Mo
0 (O R I S Y I s B LEENeT woa 1 4 0w bt ol el Qoend Il
b [ERC N W gl ) et O Mo 2| ar s i, WAy g ord G0
- w0 w up v W o O Mol A 0 = S ) aom 12 1.0
) UR TR I & S S W T R [%] ol a3 ) o] $4 ) (¥ I I ] (AT Y]
1% [ I RS = PRI Y| Wt 04 el (%)} (] o0 s
q St o 9o LS ERL of 0 oy o=l o oss oo 4 il ea g0 o o
¥ woad 4 oy Mo ] a) [ 6 n [ R (8] f Pt e ¥ D]
) )6l @) el W) wi oy vy Moed 1] @ 4 (7] ] oo ey
e 8) -t) NI SR VR 3 (3 " rQ tt o [%] Ao e mn Qo
w O @ o oW red wed wd by ) o Ao W e 4 0 4 (8]
e) a4y WD o byl ) [T NI 0 Wowd i 4 W ] of a0 e 1) n
w Do Moo o wed L0 "y s N U4 W oo 1) o) W) By oty
I Wy W gl ] 0L o] -t a "y vl W ooy 6) % M Y
ey Mo Qo ol (L I wWoed g O i 20
~ O e 0 1 Uoaom L 6 o4 1w e W 1) ) ITENY]
vy el a4} ot 9] [V o] a W0 o W O 8 1) 9] vy LN e
RN I AN N - 4 Ng] 40 S I A IO S BV S IR 1
S VRS Y] ™) o of o W) Mo ey G Wl o m o0
a oo ped R VARV B0 EX I i 0 a1 i
(B S tn 0 =) €) pd N Q) ) g g oA ed e O onm
O ourag W W 0ot o0 LY I (S I b+ O oy [Y I O
¥ . &) o f 4o e [V T Y R B T VI wl o oo
-0 i 0} a) -1 W 0 oy WS4 3l ot Sy MR sl o) b2 vy oty oas
[TX) ol " [ORCE e 4 I FER Y R I S R W S S B I 6 B O > W
o) [N jod [ Y I TR R by G e o W LY (2"
o o~ 34y W o4l 43 0 sow g owd el [ - n o
n o ou o0 a [V TR I R LR Y I I B e N BT e B oW 5 | a IR RN
w0 ¥ ol QoW o L1 euw q) L0 W n - @ oW i 11 AR I ) ) o O
ol O ) a4 by 0 (R R - | o> 9 MUy oy oo ef o wd 0 Mg L
ty ) g 0 0o D [ ] Mo 0 Lo oy [T e IR S I 4 [N & ool
~t IS Y SR NFERNG L m U u o a = w o o o (O S R IS S B R LS I | I
[ B B W B ] WO Lo PR o 3] O 0 My DO ~ A %] (i1} L = Ry R
NS RSN « B o N < B ] W @ ] O ] nDN4 L2 03 H Dol W ! 6 aMmno e TR S I V] JERNY]
I Y B IS A & - LN I [V R T v . n 1 L IEUV IR I A RN B o B A VIR ¥ N o et O
. wl ) -t W v N0y A 0 Q- VU o6 s o0 U e a4 o Q 1ot A !
- U oo QoA o 0 .0 0.0 U R My N WD Mo oA o a - 0
[ .13 oYW O e Y e| o4 LY B S I I v B b 0wl VRS Bia v B = B Y t
o a0 o O g 1 D..m o o o 3 B I o A S R~ SR R ' | B« IR WIS BPR S8 o o @
- a0 U Tl W o0 o Jecocumc.n::i U a o HoQO ¢
1ol MO O a0y o SV . Hoed v (LS 3 4oq Uonw b
n 2~ O n N oo o df = R TN s B S B = V) Uy s LIy B I o o
wl OV 5 g 7] o o .Nen 0 g o Mo Y s+ ~0 q Q W O ¢ Q.0
wel g HeA YU O g >y AN~ o a a e R A L B B J Mg O oo
R I R I R I = 0 B - ~ =~ .0 EeRuVIc I =} 0w O W oo [V I~ B R ]
L O gy U 0O o [ R I WO U g no.C 0. %oria.nen
nHYg o g Mduntwwn A4 dg Hduoo dm [t~ 20 0mmudu [SINN: I = B VI WIS



Data on the precision of the aanzlyctical method '1s presented in Table 4.
With each batch of field samples, samples with known spikes were analyzed.
Analysis of the spiked samples provided the precisicn estimates as given in
Table 4. The CV's for NDMA, NDZA, and NTPA ara 207,164, and 23%
respactively. These, then, are prscision estizates .for analytical
variapility. Assuming a sampiing error estimate oi 5%, the total szmpling
and analytical variabilities for the above analytes are computed-to be 25%,

21%, and 29% respectively.

Examination of the CV's of the data in Tzble 1, is not adequate for
determinztion of the generztion variazbility of the nitrosamine data. An
analysis of variamce apsrozch can be rzken to adjust the NDMA data for
difference from year to ysar and month to month. (See Table 3). The
analysis is done on the log sczle, since sampling darsa such as this is
ofceq thought to be distributed leg—= craa‘T'. Also, the LOD value of 6
ng/m for those values less than che LOD has been used. The pooled
precision i1s now 88.4%, so chere does seem to be considerable generation

variability in the data. Thz apalysis of varisace also allows us to

conclude that there 1s a statistical diifersnce in the data froam year to
year.;&e data for nitrosamine covers the period from May, 1980 to November
1982. The average ND¥A measuraments for 1982 are higher than those for
1981 and 1980, at the 1% probability lesvel. Within each year there is some
non~homogeneity. The measurszmeats for May, 1930 are higger (at 1% level)
than thosz for the other 1980 =nionrhs. For 1981, the measursments for
January, Fehruary, and March are statistically higher than cthe measursments
for, the other months. Thare is an appearance of a slight cyclical trend ia

che NDMA data~—from June, 1930 to Jznvary, 1981, rising; £from Februaxy,
1981 to Hovember 1981, falling, and afrer that some wvariability. For the
NDMA data, then, it caa be concluded that there is variablity of the
neasured levels over tizs. A-so, sore of the excessivae varisbility in the
data (CV's exca2ading 100X) is due to tais varizdility ia the generatad
amount of ND¥A. 1Ir is ncred that there is still coasiderazble unexplained
ariability, some of which mey be due to differesnces from one tyge of
chamber to anothar.
By fitring an zmalysis of veriance zcdel to the NI¥A data, and, in addition
to adjustaents for year aad menth, makizg adjustments for chamber type,the
CV of the data Is raduced to 67.85. DBissel and coalrdiesel chazber NDMA
measurezents ars clearly diZferent fran ccal and clesn air chamber
measurements, at zhe 13 level, Lut are not differsnt from each other.
The reduced CV data of 57.8%5 for the valuas for NDY¥A alome cannot accouat
for the tcrtal variability of the measurad acalyticel values. The estizataed
sampling and enalyctical error of 230 still leaves 42.87 of the wariabilicy
of the data uznacccountesd for. This wvariazbility may 5e due to unkacwn
variable faciors alfaciing tize gznarztiss of tha nitrosaminas. Those
Zacrors may includa 3Jut oot de lizmited to the spgecias of animals prasear in
the exposurz chambars, Iuzal i 2T air ccagasizion and angiza
Jear.

a



Nitrosamine values for the clean air aand coal dust chazmbers would be
expected to be equivalent across the-six chanbers (3 each) euxcept for
contributions due to animal spacies aand nuzmbers of animals housead.
Zquivalent nitrosaminz concentraticuas should alse occur within tne diesel
chambers, alone and. in combination with cozl dust, with the sane
reservations for animals factors and & possibility of’an interaction
between coal dust and diesel exhzust components.

Because of the lower anumber of

NDPA, the stastistical approa
The NDPA data is somewhat dif
detectable measurements cccur
only May, 1980 and Jucze, 1981

data every wmonth after April,
This does suggest that there
years. (See Table 6 for Tabl
The results of the statistica

summarized as follaows
a) Por NDMA, the diesel chanm
the nitrosamines than the
statistically significant
reasons that the CV's ara
b) For NDEA there does not a
measurad nitrosanine data

£ nonderectables ia the case of either NDEA or
ch of analysis of variance cannct be taken.
ferent from the ¥A data, in that ‘most of the
in the 1932 data. For NDPA, in 1930 and 1981
have detectable quantities. For the 1982
1982, has detectable quantitiss of NIDPA.

is a diffsrence between 198] and the earlier
es of auvabers of non-dstectables over time).

1 analysis of the analyticzl data can be

-~ -
ati

bers have st stically nigher quantities of
non—diesal chambers. However, there is a
ariatieon over time This is one of the

nigh.

]

ppear to be nuch difference between the

in the diesel and nca—diesel exposure

chambers. All have perceat ncndetaciables 1a excess of 90%. Thus,
there appears to ba alwmost no HDIEA prasent in those chambers.

c) For WD2A, the diesel chanmbers hava statistically higher quantities of
the nitrosamines chemical than the non—diesel chambers. Almost all
detectable amounts occur in the 1332 dzata.

The summary statistics for the thzee aitrosazdines ara prasented ia Table 7,

where average figures for HDZ& over the three—year period, and separate

averages for each year for HDVA and NIPA are given.

The weekly data in thils study provided tha same difference by chamber
group as the monthly data. Oar thrze diZisrent occasioas duriag the study
i.e., on ¥arca 3, 31, and Septexzbar 29, 1982 the sanples were collectaed in
the mixiog chamber for 2,6 and 5 hours each rsspectively. The diesel
exhaust ia the mixiag chember was susequently dilutaed to one—-ninth of its

riginal composition prioxr to its entry into tha exposurz chambers. As
sucn,tha sanples coliaczad 1a the zmixizg chanmbar should contaia much higher
coacantrations of nizrosamines if they ara produced in the efflueat from
the diesel 2ngize s2xhavst. The rasults of zixing chambar sazmple znalysis

ara shown in Tabla 3.



As 1s obvious from the low levels of nitrosamines . in Table .8, the
nypothesis that.nitrosamines ware produ ed la aly ia the-diesel engins
exhiaust does not appear app

'(

De

The occasicnal prasesnce of small amounts of nitrosamine ina the-nixing
chamber aud the obsarved scatter in the overall analytical values of
nitrosiamines présent in the exposure chambers prompted the use of sauplers
containing nitrosatable analytes during the investigation. These samplers
consisted of Thermosord tubes lmpreagnated with a hizgh concentracion: (1-5
rg) of an amine 'of ‘relatively high moleculdr ielizhtconpound such ds
thiomorpholine or wmorpholine. The amine dn the tubeés is conveérted.to the
corresponding nitrosamine in an atmosphere contalning nitrosating
precursors such-as oxides of niltrogen or othe? nitrdgerous compdunds which
may be nseded for anltrosamiae formation. These nitrosating amine samplers
were used on three occasuions durlang this-study, ive.; in the wmonths of
June, July and DPecember, 1982, Alr inside as well as outside. the chambers
was collected for anzlysis of nitrosated amines. “Chambers with animals:as
well as the empty chambers were sampled. -Substantial amounts of the
sitrosamires wera formed on these nitrosatable tubes in the amblent of
insidg as well as cutside the exposure chambers) more being formed inside
the chambers thaa outside. Air in clean air and coal dust chambers
produced less N-nitrosamines than the eavircament of diesel and coal dust
plus diesel. Because of the nature of nitrosating samplers no quantitation
of nitrosation data was possible. These amalytical results indicated that
precursors. to altrosamine formation are present iam and prior to-each
exposure’ chamber as evidenced by the nitrosatable zmine in samplers being
converted into the correspoudinz witrosanina. The results, houever,
sugzest that amines, probably from the diesel engine, and the nitrogen
oxide inherent in the exposurz enviroanmzar may bde combinlag leading to

re

cae

productloa of the observed nitrosamiaes. The mixdng chaimbar environment
2ay not have adsquate pracurscrs of anitrosamnines (NCz) present wmost ol the
time, or sufficieat reazction residecce time, thus producing only miaimas
amount of nitrosaaiass. The pracurscrs of the nitrosation reaction may
also arise from the amine contaninatioz iz the cleaaing agents, precursors
or;g-hauing freom anizmel f£28d or axeresta in the chambérs or other
aictrogeaneous compounds used in the exposure chamber eavirofmeat. Thus tie
observed aitrosaaines appear to occur subsequence to tha emission of dieseal
exhaust from the eagine. Scattering of analyticel data may possibly be the
result of aa uzpredicred azount of the residual precursors present intha
sampliang sites. 3Because of the lack of a scund explacatioa for the
prasancz oi NO0x pracursors iz the chanber 2nvironment the forihatloa-aad
occurreace of N-nilrosamines ia the exposurs chambers ares not-clz2arly

uaderstocd.
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TABLE 1. NUMBER (N) AND PZRCENT NONDETECTABLES

BY ANALYTEIS AND CHAMBER TYPES

Chamber ND¥A NDEA NDPA

Type N Z N % N A
CLEAN 91(96) 95 88(90) 98 89(93) 95
COAL 77(32) 84 84(86) 97 87(89) 96
DLES 35(92) 38 81(86) 94 70(89) 79
COALD 36(92) 39 78(86) 91 70(89) 79

NOTE: Total aumber of samples ars indicated in parentheses.

)
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TABLE 2. MEANS AND COEFFICENTS OF VARIATION OF ACTUAL NITROSAMINES DATA BY CHAMBER TYPE

L S ' NDEA HDPA
Chamber Noo of ths. Hean (LOD) CV Hean &0) Hean SLOD) cy ¢V Ko, of Obas. Hean §LOD) cv HEAN ;0) cv
Type (n) (uulml) (%) (ng/u?’) (ng/m?) (z) (z) () . (up/m2) b3 (ug/n’d) p4

CL¥AR Yt 7.3 154} 1.6 6,9 110 790 Y3 6.3 27 1,50 500
*( 95 6.2 21 .45

COAL 42 to 194 5.3 6.6 60 720 8y 6.6 66 0.89 590
a( w1 8.6 120 3.3

DIES 92 35 thy 13 9.4 176 140 49 9.5 110 4.8 260
oYt 31 1334 28

COALD B 6.8 9Y 1.1 34 130 140 89 10 150 5.4 310

Hote: Mean (0) replaces aondetectables by zero ug/m] for computing means and CVs,'

Mean (LOD) replaces nondetectables by LOD of 6 ng/m3 for ceuputing means and CVa.

A Larpest weasurement ta deleted here
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TABLE 3A, FREQUENCY DISTRIBUTION OF MEASURED NITROSAMINE
DATA FOR NDMA BY CHAMBER TYPE

CLEAN COAL DLES COALD

Reading Frequency Reading Frequency Reading Frequency Reading Frequency

tng/m3) (ng/m3) (ng/m3) {ng/m3)

LoD 91 £ 1op 77 £ 1op 35 { Lop 36
8.0 2 7.0 3 7-10 4 9-10 2
8.9 1 10 3 11-20 10 11-20 13

18 1 11 1 21-30 14 21-30 7
18 1 12 1 31-40 7 31-40 5
20 1 41-50 5 41-50 8
22 ! 51-60 1 51-60 3
30 1 61-70 1 61-70 6
46 1 71-80 2 71-80 3
47 1 81-90 2 81-90 3
84 1 91-100 1 21-100 2
170 1 101-110 3 106 1
5 111-120 3 140 1
X 131-140 2 150 1
160 1 410 1

260 1
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TABLE 34,

CLIAN

Frequency

joss

—

FREQUENCY DTSTRIBUTTON 0F MEASURED NITROSAMINE DATA FOR NDEA BY CHAMBER TYPE

) COALL
Readiny, Frequencey
(ng/m3)
Z LoD 84
17 1
L6 1

DIES COALD
Reading Frequency Reading Frequency
(ng/m3) (ng/m3)
L 1ob 81 < Lop 18
8.0 1 15 1
10 1 16 3
22 1 20 1
30 2 46 1
86 1
130 1




TABLE 3C. FREQUENCY DISTRIBUTION OF MEASURED NITROSAMINE DATA FOR NDPA BY CHAMBER TYPE

CLEAN COANL DIESEL COAL. AND DIESEL
Readiny Reading Reading Reading
(1 /m3) Freaueicy (ng/m3) Frequerncy (ng/m3) Frequency (ng/m3) Frequercy
10D 62 100 86 {1op 70 4o 70
8.3 1 13 1 7-10 7 9-10 2
10 L 15 1 13-20 4 11.20 12
L5 1 hé6 1 21-30 5 2L-30 1
19 1 4l 1 31-40 1
97 1 44 1
100 1 65 1
73 1




TABLE 1; MIALYTICAL PRECISTON FSTIMATES FOR NITROSAMINES RASFD OV SPIKED SAVPLES

]

NALYTE 10, OF SPIIES FENL PECOVERY  STAUDARD DEVIATION o
A 75 0.75 0,15 20
1A 0 0.8 0,15 167
e ’ 2 1.0 0.2 o5



TABLE 6. NUMBER OF NON-DETECTABLE NITROSAMINES BY TIME (YEAR)

NDHA NDEA NDPA
1980 1941 1982 1980 1981 1982 1980 1981 1982
v 68 104 61 <x.on 80 109 152 Luop 81 129 104
Sron 15 52 63 >1ob 4 1 2 Db 3 3 40

NDMA Chi - square = 20,93, 2 degrees of freedome; probability 1eve1<:.001
NDEA Chi-square = 8.53, 2 degrees freedom; probability Level ~~ 0.0l4

NDPA Chi-square = 48,53, 2 degrees of freedom; probability level <:.001

[ ¢



TABLE 7.

STATISTICAL SUMMARY OF NITROSAMINE VALUES BY ANALYSLS
CUAMBER TYPE AND TIME (YEAR).
REPLACE NON-DETECTABLE NUTROSAMINES BY ZERO NG/M3 AND

(MEANS (0) AND. HEANS (LOD)

6 NG/HI FOR COMPUTATION PURPOSE RESPECTIVELY)

Analyte (Chamber) Mean (0) ¢V (0) Mean (LOD) ¢V (LOD)

Type Year No. of Obs, (ng/m3) (%) (ng/m3) ﬂ?’()

NDMA (CLEAR 1980 L 2.9 570 8,6 180
AND COAL 1881 78 3.0 390 8.3 120
1982 66 4.2 500 9.3 220

[

NDMA (DIES 1980 40 22 170 26 130
AND COALD) 1981 78 27 130 29 110
toga 66 45 142 45 140

HDEA (OVERALL) ———— 348 1.7 600 7.4 130
NDPA (CLEAN AND 1980 L4 0 0 6.0 0
COAL) 1981 66 0.98 620 6.8 75

1982 72 0.93 350 6.4 27

HDP: (DIES AND 1980 40 6.6 360 12 180
COALD) 1681 66 0.18 810 6.1 12

1982 72 8.8 150 12 93




TABLE 5. ANALYSIS OF VARIANCE FOR NDMA

Source by Sum of Squares F Value : Prob;>:F
Year 2 7.53 4.81 0.009
Month in Year 28 80.5 3.68 0.001
Error 341 267

)¢

¢

R2 = 0.248
CV--on original scale which is approximately equal to the standard deviation on the log scale

- MIET . /3782 = 0.884
\/341 ‘/

DEF=Degree of Yreedom



TABLE 8: NITROSAMIMES FCU'D I3 DIFSEL FXHAUST BEFOSE DILUTICN

GP) (1) () (o)
33/ 012 . <50 . <50 <5.0
3/31/82 0.72 6.5 <5.0 15.1
92U 0.61 <50 5.0 <50

L0Q (LIMIT CF QUANTITATICHD) = 5.0 e
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