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I. CONCLUSIONS 

( 

No evidence for any specific point emission source for volatile 
nitrosamines was observed. Part of the sampling was concentrat­
ed in areas of chemical industry i.n Los Angeles and Contra 
Costa Counti.es and near the.rocket fuel plant outside Hollister. 
A systematic county-wide survey of Los Angeles was also carried 
out. The majority of all samples were below detection limits 
(_about 0.03 11g/m3 for dimethylnitrosamine, DMN). Several 
s:amples reached 0.3 µg/m 3 DMN or higher, up to a maximum of 
1.0, but later repeat samples were always lower. Positive 
samples occurred more frequently in winter. A diurnal pattern 
was suggested, with maxima around 0800 and 1800. Diethylnitro­
samine was found less frequently than DMN but at similar concen­
trations, and a few samples had traces of a third, less volatile 
component, unidentified. Computer-derived maps of airborne 
nitrosamine levels by area show no apparent correlation with 
incidence of various human cancers. 

RECOMMENDATIONS 

The sources of sporadic low levels of airborne nitrosamines 
remain to be identified. No particular geographic concentra­
tion has been observed. Therefore further sampling might be 
carried out at existing monitoring sites, although mobile 
sampling is easy. The sampling is simple but work-up is time­
consuming and would be the limiting factor in further studies. 
Samples can be held (frozen) for at least a week before pro­
cessing, making it convenient to send them to a central loca-. 
tion for analysis. The rather costly analyzer has already been 
acquired. 

To test whether there is a vehicle source, samples might be 
taken of auto and diesel exhaust at the ARB El Monte facility.
Exhaust sampling procedures would need to be vali.dated. 

The statements and conclusions in this report are those of the 
contractor and not necessarily those of the California Air 
Resources Board. The mention of commercial products, their 
source or their use in connection with material reported herein 
is not to be construed as either an actual or implied endorse­
ment of such products. 

https://Counti.es
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I I. INTRO DUCTI ON 

The class of N-nitroso compounds i_s large. Although no veri.fied 
cases of human cancer have been attri.butab 1 e yet to ni triosamines, 
the evidence in animals i.s extenstve. Of about fifty nitrosa­
mines tested, all but seven were carcinogeni.c. Moreover, there 
have be.en examples. of cancer caused in almost every origan among 
the numerous animal species tested wi.th one or another ni:trosa­
mine. No species tested has been found to be resfatant to al 1 
nitrosamines, suggesting that man is not likely t,o be an 
exception (l). 

The general formula for nitrosamines is 

where R1 and R2 may be alkyl or aryl groups, but not hydrogen. 
If one R group is acyl (R'CO-) the compound is a nitrosamide, 
many of which are also carcinogenic. This report will not 
distinguish between nitrosamines and nitrosamides except to 
note that the latter are much less volatile as a class, and may 
be formed and decomposed more rapidly. 

Nitrosamines are formed in solution by direct reaction of 
nitrous acid with secondary amines, and by a more complex 
sequence, with tertiary ami.nes. Primary amines are also nitro­
sated but the nitroso products are unstable and have not been 
isolated. The nitrosation rates are maximum at a pH usually 
between 3 and 4 but varying with the basicity of the amine 
(i.e. low enough for high proportion of molecular nitrous acid 
and high enough for some free amine to be present). In the 
vapor phase with oxides of nitrogen (NO) vo1ati1e amines may 
be nitrosated. In photocnemical smog sJstems both the presumed 
reactant nitrous acid and the nitrosamine are photo1yzed by 
ultraviolet light. From laboratory rates it has been predicted 
that in the atmosphere the nitrosamine might be found in the 
morning (2). In artificial smog systems the yield of nitro­
samine is quite low and the much more stable nitramine, R2NN0 2 , 
is fanned in larger amounts (3). 

Nitrosamines have been found i.n certain foods (bacon, sausage, 
cheese), cutting oils, cosmetics, tobacco smoke, and in air 
(4). The possibility of in vivo formation from nitrate and 
various amines in foods or drugs has been shown, as well as the 
presence in the body of bacteria able to reduce nitrate to 
nitrite (5). This has led to recent restrictions on use of 
nitrate and nitrite as foods preservatives. The presence of 
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nitrosamines in air has in a few cases been traced to direct 
emission from Q.n i.ndustria 1 source. but there haye been other 
fi:ndi,ngs of low: levels. of ni_tro~aJJJines not near any known 
source. (§). , 

The possi:bilit,y of ni_trosamines i.n community air i.n California 
either as a result of direct emission or as a result of atmos­
pheric reacti•ons. i.nvolving oxides of nitrogen has been of 
concern to the. Ai'r Res.ources Board. The recent commercial 
avatlabiHty of a highly specific and sensitive analyzer for 
ni.trosami:nes and development of suitable methods of air sampl­
ing made an air survey practical. 

Following calibration and validation of collection and analysis
procedures and some local air sampling, the project was carried 
out in several phases. For most of the work a mobile battery­
powered set-up was operated in a passenger car or wagon. The 
phases were as follows: 

Los Angeles industrial areas: Known chemical plants 
were plotted on a map and the major clusters showed at 
Vernon-Commerce and Carson-Wilmington. Sampling was 
concentrated in these areas. 

Contra Costa industrial areas: The belt of chemical and 
petroleum industry runs along the waterfront from 
Ri.chmond to Antioch. Samples were taken near individual 
plants all along the belt. 

Hollister rocket fuel plant: The McCormick-Teledyne­
Selph plant outside Hollister was scheduled to begin
full-scale production of fuel~ using a nitrosamine 
intermediate. Air samples were taken outside the 
plant before and after the start-up date. 

Los Angeles census areas survey: Systematic sampling 
was done throughout the southern half of the County 
at about 150 locations for comparison with cancer 
incidence data; and as a check on possible unsuspected 
emission sources. 

Diurnal pattern: At a fixed local site samples were 
collected during all the various hours of the day and 
night to test for a diurnal pattern 

Following tha data collection the results were examined for 
indication of specific emission sources, with follow-up sampl­
ing in some cases. Correlations were tested wtih cancer inci­
dence, nitrogen oxide data from the South Coastal Air Quality 
Management District, and with season or time of day. 
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III. EXPERIMENTAL METHODS 

A. Air Sampling: 

Typically an ai.r sa,mple of about 60 l was dra.wn at one 1-
mi:n-1 through a lOQ ,ml gla$~ bub.bl er contai_nin9 50 ml of 1 
N-KOH (Z). For field sampling frqm an automobi_le a Teflon 
inlet tube was extended out the wtndow and two small 
ba,ttery-powered diaphragm pumps (Spectrex AS-120 )_ were 
used i:n para11e1. A rotameter for air flow rates was 
checked periodically by wet test meter. During the 
sampling period wind, temperature, and weather conditions 
were noted. The wind direction and velocity were estimated 
by use of a vane, compass, and hand-held anemometer. The 
KOH soluti_on was made up using water taken directly from 
an all glass/Teflon still. The bubbler was protected from 
1 i gbt by aluminum foi 1. After sampling the so1uti on was 
transferred to a polyethylene bottle. Unless the sample 
was to be processed the same day it was frozen on dry ice 
or placed in the freezer until work-up. Replicate samples
stored for various times showed no loss over at least two 
weeks. 

B. Sample Processing (8): 

The KOH samples including a blank control were thawed, if 
necessary, and extracted in a 125 ml separatory funnel 
wi_ th 3 x 8 ml portions of di chlorornethane (Burdi ck and 
Jackson glass-distilled). The extracts for each sample 
were combined over sodium sulfate, then decanted into a 25 
ml Kuderna-Oanish tube with an ebullation tube and Vigreaux­
type condenser. Then 0.5 ml 2,2,4-trimethylpentane was 
added as keeper and the extract was evaporated to approxi­
mately 0.5 ml on a block heater at 65°. After cooling, 
the residual volume was read by the graduations on the 
narrow tip of the evaporator tube and transferred to a 
Teflon-capped culture tube. The concentrated extract was 
usually analyzed the same day, but if not, it was stored 
i_ n the freezer. Repeat ana1 yses of such stored extracts 
showed no discernible changes over at least two weeks cold 
storage. 
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C. Ana1ysis by GC-TEA: 

The. ana1yti:ca1 instrumentatiqn cqn~i.sted of a \gas. chromato­
graph {_GC} connected by a ti;ipe~neate.d exit tube to the 
entry of the Therroa, l Electron Analyzer (TEA), The GC was 
an tsothermal uni.t (_Varian Aerogra,ph 940)__, Three different 
columns we.re used during the project, a11 with. s:ati:sfactory
resu1 ts durtng thetr 1i_fetiJne.s. Argon carri:er gas was 
passed tnrough a molecu1ar sieve cartrtdge into the GC. 
flow rates were measure.ct at tbe GC exit by a soap bubb1e 
tu6e.. Tfi.e co1 umns and conditi'ons used were: 

1. Carbowa.x 20 .M on Chromosorb W, 12 1 x l/8 11 stain1ess 
stee1; co1umn 180°, injector 190°, carrier f1ow 20 
cc-min-1 . (_This co1umn was supp1ied with the TEA, 
and full details are not available.} 

2. FFAP 15% on 80/100 mesh acid-washed, DCMS-treated 
Chromosorb W, 21 1 x l/8 11 stain1ess steel; column 
210°, injector 225°, carrier f1ow 30 cc-min-1 (Varian
Instruments). 

3. Carbowax 20 M, 10% on 80/100 mesh acid-washed DCMS­
61 l/8 11treated Chromosorb W, x stain1ess stee1; 

column 150°, injector 160°, carrier f1ow 20 cc-min- 1 

( 
11 Quik-Col 11 

, Applied Science Laboratories). 

The TEA operates as fo11ows (1), The GC effluent enters a 
catalytic furnace (control1ed at a temperature up to 
500°C, in our case 450°) and is drawn through a stainless 
s tee 1 1oop co1 d trap into a sma 11 reactor chamber under 
partia1 vacuum. The cold trap temperature is contro11ed 
by use of coo1ant and so1vent; usua11y this is a slush of 
isopentane and liquid nitrogen, but for our purposes the 
liquid nitrogen a1one was quite satisfactory. A metered 
flow of oxygen gas passes through a g1ow discharge tube 
for partta1 conversion to ozone, and is drawn into the 
reactor chamber, where ozone reacts with any nitric oxide 
present in a chemi 1umi.nescent reaction emitting 1 i ght in 
the. near i'nfrared. The reactor has a window with a 
suitab1e filter facing a refrigerated photomultip1ier
tube. The amount of light emitted by the reacting gases
is i_ndi_cated by the photomultiplier tube output and is 
recorded on a strip chart. 

https://measure.ct
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A portion of the sample i_n dichloromethane (usually 10 111) 
i_s ,:ntroduced intq the GC, It contai_ns anything scrubbed 
from the ai:r tnto th.e KOH ~91Ytion and extractable in the 
solvent. The column i.s, ~ele.cted for effi:cient separation 
of volattle ni_tro~amtne~. Sample components, tncluding 
solvent, le.ave the. GC and enter the_ furnace where ni.tro­
sarnines are decomposed to yield nitric oxide and organk 
pyrolysts products; other organics pyrolyze but do not 
yi.e.ld NO. The cold trap retai.ns mo~t of the condensaole 
matertals found, but not ni_tri,c oxi:de. In the reactor 
only nitric oxide can react with ozone to cause emission 
of itgnt at the. wavelength passed by the filter to the 
detector. Thus the unit is highly specific towards nitro­
sami.nes and a very few other compounds capable of decompos­
tng to form nitric oxide. The GC distingufshes among 
yari,ous nitrosamines and other nitric oxide generators. 
Spectra are shown in Figures 3.1 and 3.2. 

D. Cali:bration 

Commercial dimethylnitrosamine (DMN; K&K) and diethylnitro­
samine (DEN; Eastman) were used as interim reference 
standards until certified samples of seven pure nitrosa­
mines were received from the National Cancer Institute 
Chemical Repository at Illinois Institute of Technology. 
□MN and DEN from the two sources were indistinguishable 
under the conditions used. The seven reference nitrosa­
mines were run repetitively at realistic levels on column 
#2 with the results given in Table 3.1 and Figure 3.1. 

Two sets of recovery runs are s.urrunarize.d i_n Table 3.2. In 
each case a batch of l N-KOH was spiked by adding DMN in 
dichloromethane (20 ng/µl). In the first set 15 µ1 was 
added to 500 ml KOH, in the second 10 µl was added. 50 ml 
portions. of the spiked KOH were used. Some were air-blown 
by drawing charcoal-filtered air through them. All were 
then extracted and evaporated, then run in duplicate on 
the GC-TEA. There was no significant difference between 
airblown and non-aerated samples, and losses of 7% and 6% 
from theoretical probably arise during the later processing 
and are comparable to the repeatability of the GC at this 
1e_vel. 

Ini_tia11y there was no problem with blank controls, but 
from about December on there began to be sporadic positive 
blanks. These have always been low level and in the 
extreme corresponded to what would have been an air concen­
tration of about 0.05 µg/m 3 • Most are less than half 
that, or just about at the detectability limit. We have 

https://retai.ns
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FIGURE 3.1 

DMN 
DEN 

MBN 

DPN 

~ 
DBN 

Minutes 

GC-TEA trace of seven-component reference blend. 
Identities of peaks given in table 3. 1 
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FIGURE 3.2 

\ 

Minutes 

GC-TEA trace of air sample extract with 0. 17 ng 
DMN and 0.14 ng DEN 
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TABLE 3. 1 

REFERENCE NITROSAMINE DATA 

Sensitivitl Retention Time, Relativeb 
Nitrosamine (div/ng) tr (sec) tr 

Dimethylnitrosamine (DMN) 

Oiethylnitrosamine (DEN) 

Methylbutylnitrosamine (MBN) 

Dibutylnitrosamine (DBN) 

Nitrosopiperidine (NPIP) 

Nitrosopyrrolidine (NPYR) 

Dipentylnitrosamine (DPN) 

26.6 + 0.23c 

23.4 + 3. l 

14.3 + 1.3 

7.2 + 1.0 

9.2:: 0.73 

8.8 + 0.25 

4.6 + 0.64 

249 t l.Oc 

283 t l.O 

378 + 2. 1 

547 + 3. l 

729 :: 3.0 

798 :,:_ 3.5 

878 :,:_ 5.6 

(1.00) 

l. 14 

l. 52 

2.20 

2.92 

3.20 

3.53 

a. With 0.5 ng samples. 
b. Relative to DMN. 
c. Standard deviation, 4 replicates. 
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TABLE 3.2 

DIMETHYLNITROSAMINE RECOVERY CHECKS 

Charcoa1 Filtered Air 
Samp1e vo1ume, 1 Ng DMN Fo.und 

Set 1: 
A 72 24.9 

28.7 

B 78 26.4 

30.8 

C 75 27.6 
29.5 

D 0 27. 1 
27.3 

mean 27.9 theory 30 ng 
loss 7% 

Set 2: 
A 0 20.4 

24.5 

B 75 20. 1 
19.6 

C 0 18.2 
19.9 

D 75 19.0 
18.5 

E 0 14.0 
15. 1 

mean 18. 9 theory 20 ng 
loss 6% 
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be.en unable to pin down th.e source of thi. s. Often with a 
positi_ve blank th.ere w.iJ l be neg9,ti.ve. ai.r $amples from the 
same batch o·f reagents. handled the. same "«aY,, It seems. 
unlikely that exposure. to ni:trosa:min.es in laboratory ai.r 
could oe th.e caus.e, b.ecause many pqsi:ti_ve blanks· show both 
DMN and DEN, wh.ereas only DMN is used on most da_y$ for 
caHbration. In any case the cali:brati_on ~oluttons are 
only 50 ng/ml and are. opemed Qnly long enough to charge
th.e tnjection syri_nge. Th.e tnJected saJTJples are, of 
course, destroyed in the TEA furinace. Positive blank 
values· are subtracted from all samples treated in the same 
batcfi. Nevertheless their occurrence introduces addttional 
uncertainty tn low level samples, and in effect makes the 
detection limit higher than tt would otherwise be. The 
problem of artifacts in ni'trosamine. analysis was reviewed 
recently (J_Q_) • 

A matching retention time on the GC-TEA is not by itself 
sufficient to demonstrate the presence of a specific
nitrosamine. This was done for DMN by a separate deter­
mi.nation using liquid chromatography on silica (Parti'sil
20/400). The column was 3 x 500 mm, the solvent was 
diethyl ether or 5% acetonitrile in dichloromethane, and 
an Altec ultraviolet detector at 254 nm was used. With a 
flow rate of 1.5 cc/min at 300 psi, 5 µg each of the 
nitrosamines was readily detected, DEN soon after the 
injection pulse, and DMN 10 minutes later. Since atmos­
pheric samples contained too little nitrosamine for 
ultraviolet detection, a reference mi.xture was run irnmed­
iately before the sample, then fractions were collected at 
the indicated volumes, and after reconcentration into 
dichloromethane were run on the GC-TEA. The fractions 
gave TEA responses at retention times for DEN, DMN, or no 
response, as predicted from volumes observed in the ref­
erence silica chromatogram. The elution order of DMN and 
DEN was reversed from that on the GC. 

E. Dimethylnitramine synthesis and properties: 

Because i_t had been shown (3) that dimethyl nitramine, 
(CH 3 hNN0 2 , is a major product in the photochemical reac­
tion of dimethylamine and NO , we synthesized it by a 
reported procedure (11 } . Th@ crude product was obtained 
i_n 35% yield by adding.5.3 ml (0.069 mol) dimethylformamide 
in 40 ml acetic anhydride slowly with stirring to 22 ml 
70% nitric acid ch.illed in dry ice. After one hour addi­
tion 50 ml more acetic anhydride was added and the mixture 
let stand for two hours. The mixture was then poured into 

https://ni:trosa:min.es
https://neg9,ti.ve
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i_ce wa,ter a,nd neutra,li,zed wi.th 50% Na0H, cooled, extracted 
wi_th. 2 .x 5_0 JJJl di_chJorc?roeth.ane~ <ifi,ed qver N912~Q 4 a,nd the 
~Q 1ve.nt eyapQf?,ted. Th.e. crude pp;>dJJct (roe l ti,ng 5.0:,,5.5.0 

corr. }_ W.i!S chr0,11J9,tQgf~pb.ed qn 70-200 me~h s,i.li.c;a, (dea,cti.­
y~te_d w_i__ th. 5% w.a.te.rJ i,n a 1 x 25. qn column wi_th di_chloro­
metha,ne e1uent, t<.lkfng 5 ml fr,acti_ons. Th.e ni:tramine 
appeared in cuts. 3-7,' cut 13 smel 1ed of dimethyl formamide, 
cut 15. srne.lled aromctti:c (resemb.ling benzaldehydeJ, and 
soroe colored restctue remained on the column. The. infrared 
spectum of the. ni_tramine w:as run on a Beckman IR 18A, and 
matcf.led the. li_terature (12), as shown in Table 3.3. The 
melting point was 57-8,;i cor·r, a,s compared to 54~6° Q.:!J 
and the ultraviolet spectrum i_n methanol showed maxima at 
346 and 239 and a minimum at 217 nm. When run on the GC­
TEA the signal intensity was about a third less than that 
of DMN and the retention time about the same as that of 
methylbutylnitrosamine or dipropylnitrosamine. Recovery 
cbe.cks showed that it is retained like DMN i_n the 1 N-K0H 
bubbler. 

IV. SURVEY OF EMISSION SOURCES 

A. Literature Leads: 

Several sou"rces of information were scanned in the attempt 
to locate specific sources of amines and nitrosamines. 
EPA on request sent a report on nitrosamines prepared for 
them by Mitre Corporation, which lists only one amine 
manufacturer in California (in Martinez), and a computer 
1isting of 28 chemi_cal produ-cers (_not necessarily of 
amines) in California. We ourselves have a computerized 
fi 1e_ of 5000 emission sources in Los Ange1 es County which 
was derived from a print-out from the EPA National Air 
Data Branch. Since it includes the Standard Industrial 
Code, we se.arched the file for organic chemical and 
similar related industries and located almost 100 more 
possible chemical sources (not necessarily of amines). 
Further searching in Commercial Directories located a few 
more amine sources, although these are not clearly differ­
entiated between manufacturers and distribution sites. 
The total of potential chemical sources situated in Los 
Angeles is about 160 to date. These have been located by 
street map grid squares and plotted on a chart to show 
which areas would be most heavily dotted with sources, and 
thus the most likely places to begin sampling. 

https://w.a.te.rJ
https://chr0,11J9,tQgf~pb.ed
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TABLE 3•.3 

DIMETH'(LNITRAM!NE lN_FRARED MAXlMA IN CCl 4 

. . -1Observed, cm. Uteraturea, cril- l 

fj
29.35 m 
1530 vs 
1485 s 

1460 s 

1415 s 

1315 vs 
1270 s 
1140 m 

l 055 m 

l 005 s 

620 m 

2975 m 
2941 m 

1527 vs 
1475 s 
1464 s 
1450 s 
1403 m 

1304 vs 
1260 sh 
1129 m 

1045 m 

998 ms 
625 m (film) 
612 m (vapor) 

a. Reference (12}. 
b. v = very; s = strong; m = medium; sh= shoulder. 
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B. Indus tri_a l Areas i_n Los fl.n~e l es County: 

The map plot of kn.ow.n ch.emtcal ~nd rel9:te.d i:ndu$try showed 
th_e h_i:gl:les:t denstty to be. tn toe Vernon..Coll)JT)erce area 
(just south and squtlieas.t of centra,l Los Ange.lesI_ followed 
by th,e Cars:0n-Wi:"lmtngton••Torrance arec;l in the southern 
part of the county.. The mobtle uni_t was used to sample. 
throughout these tw.o are.a,s. pl u~ a few other 1 ocattons. We 
attempted to sample near mo$t plants as close. to downwind 
as practi:cal. The types. of tndustry included chemical, 
petroleum, rubber, and meat or ftsh·packing plants. 
Locations are shown in Figures 4,1 and 4.2. Samples weY"e 
taken duri'ng July, Augustand September, 1977. Most 
samples were. negative and the few positives- were mostly 
around 0.1 µg/m~. One exceeded 0.3 µg/m 3 but was not that 
high during later resampling. Individual sample results 
are given in the Appendix. 

C. Rocket fuel Plant: 

The Teledyne-McCormick-Selph plant, located outside 
Hollister, was scheduled to start full production of 
rocket fuel on October 25, according to EPA advisers. The 
production of the fuel (dimethylhydrazine) involves nitro­
sation of dimethylamine to DMN, followed by reduction. 
The mobile unit was used to sample air downwind of the 
plant from October 24 to 27. 

The plant is located about three miles WSW of the city of 
Hollister. On Figure 4.3 it is in the lower left corner 
running about 0.6 miles along Union Road and enclosing an 
artHi"cial reservoir. There is a posted fence along the 
road and a second fence about 300 feet in. The surround­
ing area is pasture and farmland and the only house nearby
is just outsi_de the eastern plant boundary. Public roads 
border only the northern and part of the western plant
boundaries; the rest of the perimeter appears to be in­
accessible by automobile except a short way along the 
neigh.bor 1 s track east of the plant. Union Road is paved 
and curbed with. no shoulders and is fairly heavily traveled 
The wes.t side road is unpaved dirt. The terrain 1s hilly 
except to the west, varying from 240 feet in elevation on 
th.e flat to about 600 feet at some hi 11 tops. 

The weather Monday and Tuesday was clear and wann with 
winds mostly southerly. On Wednesday broken overcast 
appeared with winds still southerly until a midday shift 
to northwesterly, where they remained for the most part. 
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There was light rain i_n the late aJternoon Wednesdi;1.y. The 
wi:nd dtrecti,ons. allowip~ .most ne~rl,y dowmyi_nd s~JTJPlt,ng 
were south. to ~outhwest, ~nd th.e~e- occurred Mond~,y p.JTJ. 
th.rough. Wednes.day <3,.rn~ Therei:lfter the wi:nds were unfavor..-. 
abl.e. Sample. sttes are shown on the map. Res.ults are 

. gtven i:n Ta.ble 4. 1. 

D, Contra Costa County; 

There i.s a belt of ch.emi:cal i;1.0d petrole.um industr,y in 
Contrc;1. Costa. County runni_ng a1qng the shore of San Pao1 o 
Ba_y, Carquine.z Strai:ts., and up the. river past Antioch, 
where the San Joaqui.n and Sacramento rivers meet, This 
be.1 t was surveyed with_ a mobile. sampling unit durtng the 
week of April 10-14, 1978. One hour samples of 40-60 l 
atr we.re bubbled through 50 ml of N-KOEI, protected from 
Hgflt. The bubbler contents were immediately frozen on 
dry tee and kept frozen until they were brought back to 
Los Angeles and placed in a freezer for subsequent work-up
and analysis. Blank controls were also taken along. 

During the week the weather was quite uniform. Winds were· 
all southwest to northwest, mostly at 5-10 mph. There 
were occasional clouds or thin overcast, and temperatures 
varied 16-25°C. The uniform wind direction made it im­
possible in some cases to get close to downwind of indus­
tri.al plants where roads did not run along the side wanted. 

Figure 4.4 shows the survey area with locations of eastern 
samples lettered. The crosshatched rectangles are areas 
shown on a larger scale in figures 4.5 to 4.7. In Figure
4.7 the higher density of samples is partly because of the 
chemical plant of Shell Oil, the only known producer of 
volatile amines in California. Samples E, F, Hand U are 
just east of this plant. 

Sample data are given in Table 4.2. Two samples were mis­
takenly given the same label, and unfortunately one of 
these showed th.e high.est level of dimethylnitrosamine (1.0 
or 1.1 µg/m 3 ) along with diethylnitrosamine and materials 
wi.th retenti. on times corresponding approximately to 
di:propylnitrosamine and nitrosopiperidine. The two loca­
ti:ons. confused (C and G) were in northwest Richmond and 
east of Martinez, respectively. Another sample (U), close 
to Shell Ch.emi ca1, showed o. 34 µg/m 3 DMN. A11 other 
samples were below 0.1 µg/m 3 DMN. A follow-up set of 
samp1es at the two confused sites was co 11 ected on May 30 
and.June 2, with results as shown in Table 4.2. Two of 
the three values at si.te (G) of 0.08 and 0.10 µg/m 3 

DMN are in line with many others at various locations. 
Site (C) showed nothing. 

https://petrole.um
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Air sampling sites in the Vernon-Commerce area (shown by circles). 
Arrows indicate wind direction. Squares are chemical or meat 
processing plants 
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FIGURE 4.2 
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Air sampling sites in the Torrance-Carson-Wilmington area (shown by 
circles). Arrows indicate wind direction. Squares are chemical or 
petroleum plants 
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FIGURE 4.3 

Map of Hollister area. Rocket fuel plant is at lower left around artificial lake. 



TABLE 4.1 

IIOLL iSTER AIR SAMPLES 

Collected along Union Road north of Teledyne Plant 

Average Wind Average
Estimates Teqi. 

Sample l»fi* , 
0Date Time True mph o C 11g/mi 

10-24 1332 - 1432 180 'I, 1 31 o. 11 Clear 
1433- 1532 200 1 - 2 31 nd Clear 
1545 - 1645 150 5 - 8 31 nd Cleilr and gusty 

10-25 0810 - 0910 180 2 - 4 18 nd Clear 
0911 - 1011 220 I - 2 22 0.25 Clear 
1045 - 1145 170 2 - 4 25 0.11 Clear 
1146 - 1246 160 4 - 6 26 nd Clear 

1327 - 1427 190 2 - 6 32 nd Clear; wind veering last 10 111tn. 
. 1444 - 1544 330 7 - 10 31 nd Clear 

10-26 0806 - 1006 160 2 - 6 19 o. 19 Partial overcast 
1007 - 1137 160 2 - 9 21 o. 1J Partial overcast; wind starts 

to veer 
1302 - 1402 310 2 - 6 26 0.03 Partial overcast 
1403 - 1503 300 4 - JO 24 0.04 Tota I overcast 
1605 - 1705 250 1 - 3 22 nd Light rain 

10-27 0816 - 0916 200 - 360 4 - 6 14 0.11 Partial overcast 
Vilr1able 

KOii control nd 

•01111 - dimelhylnltrosamlne 
nd - not detected 

Tentative recovery factor (0.94) not used. I-' 
I.O 
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FIGURE 4.4 
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Map of west Contra Costa County. Cross-hatched 
areas are shown in larger scale in three foil ow­
ing figures. Circles are coded air sample sites 
described in table 4.2 
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FIGURE 4.5 
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Map of North-west Richmond area. Circles are 
coded air sample sites described in table 4.2 
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FIGURE 4.6 
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Map of Rodeo-Crockett areas. Circles are coded 
air sample sites described in table 4.2 
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FIGURE 4.7 
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Map of east Martinez area. Circles are coded 
air sample sites described in table 4.2 
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TABLE 4,2 

DATE THE CODE LOCATIOII AV. WIND: 

016i~~!OII VELOCITY 
ml/hr 

AV 0 c WEATHER SAMl'LE 
VOLUME, 

OfVI, ug/111 3 IIEARBY IIIDUSTRY 

4-10 1100- 1200 A Castro St. opposite 
end of San Pablo Canal, 
Richmond 

215 5~ 22 Sun 39. 5 n• Standard 011 
others 

and 

1320- 1420 B Ptttsburg11 Av~, 0. 2 ml 
H. of Central St, NII of 
Richmond 

205 6 21 Sun 45 .6 0.06 Standard 011 
others 

and 

1430-1540 C Gertrude Av, 0.4 mt. 
W. of York St, II. of 
Richmond 

200 6 20 Sun 45. 3 0.05 or 0.98+ Standard 011 
others 

and 

1615-1635 D 011 Country Rd. , 
of Rodeo 

IIE 230 31s 22 lllgh thin 
clouds 

48. I 0.05 Union 011 Refinery 

4- II 0800-0900 E Shell Av., 
Hart Inez 

E. of 275 5 20 Overcast, 
cleared 

41.9 0.09 Shell 011 
plant) 

(Chemical 

0905- 1005 F S. of prevl ous E 270 6 22 Sun 38.4 n Shell 011 
plant) 

(Chemical 

1050-1150 G 0.2 ml IIE of Imhoff Dr. 
near junction 4 and 680 

280 8 23 Sun 40. 8 0.06 or 1.09+ Indus trl a 1 waste 
treatment 

1315-1415 II Shell Av., S. of F 330 5 25 Sun 29. 7 n She11 Oil (Cheml ca I 
plant) 

1430-1530 1 Waterfront Rd. & Solano 
Way, E. of Martinez 

280 7 23 Sun 35. 4 0.02 Phil l lps/llon 011 
Refinery 

1615-1715 J Imhoff Or., E. end near 
4-11-C 

275 5 23 Sun 26. 7 0.0B Contra Cos ta 
Sanitation 

4-12 l010· JIIO K Willow Pass Rd., W, of 305 
Balley Rd., I/est Pittsburgh 

6 20 Scattered 
high thin 
clouds 

42 ,6 • n llysol (Div. of Dexter) 

1138-1238 L West lDth, 0.2 ml E. of 
California Av., E. of 
Pl ttsburgh 

265 7 22 Mostly high 
thin over-
cast 

41.6 II Dow, Allied, U.S. Steel 

1345-1445 H E. 18th St., 0,6 ml E. 
of 4, E. of Antioch 

285 8 23 llostly high 
thin over-
cast 

44. 5 n rlupont and others 

1505- 1605 ti 1/llbur Rd., 0.5 1111. II 
of 4, E. of Antioch 

295 II 22 f'ostly high 
thin over-
cast 

42, 9 0.01 Fibreboard, Crown 
Zellerbach 

1630-1730 0 Loveridge Rd. ~ Cal If-
om I a Ave, , E. PI ttsl,urgh 

285 10 19 Hostly high 
thin over-
cast 

~o. 5 n Union Carbide 



OAT[ TIME CODE 

4-13 0817-0917 p 

1011-1113 

1324-1424 

Q 

R 

1434-1547 s 

4-14 

5-30 

6-02 

1614-1714 

0811-0911 

0944-1044 

1114-1214 

1420-1520 

1615-1715 

0735-0835 

0836-0936 

I041-114I 

1142-1242 

T 

u 

V 

II 

C 

G 
,; 

G 

C 

C 

-•---·---·--· 

* n = not detected 

t These two samples were 

TABLE 

LOCATJOII AV. WIHO: 

Dlfti~~!Oll 

Road to sanitation 265 
plant, II. of 680, E. 
of Martinez 

Winslow st. & 270 
Vallejo St., Crockett 

Solano Way, H. of 2IO 
Monsanto Rd., E. of 
Martinez 

Waterfront Rd., 0.8 220 
ml II. of Solano Way, 
E. of Martinez 

Waterfrond Rd., E of 240 
680 

Shell Av., E. of Martinez 260 

San Pablo Ave. at Willow 250 
Rd., Rodeo 

Giant Highway fl. of 240 
Hiner Av., N. Rtchrrond 

Res an" le previous s lte 280 

Resan"le previous site 030 

Resample previous site 265 

Resample previous s He 255 

Resample previous site 085 

Resample previous site 070-260 

erroneously given the same label. 

4.2 (continued) 

AV 0 c 
VELOCITY 

ml/hr 

7 18 

4 18 

6 21 

9 24 

9 18 

4 16 

3 18 

5 I 7 

5 37 

1 34 

7 12 

5 14 

2 23 

212 24 

WEATHER SAMPLE 
VOLUl-lf, 

Scattered 40.2 
clouds 

Scattered 38.3 
clouds 

Scattered 39. 3 
clouds 

Scattered 37 .2 
high clouds 

Scattered 40.4 
high clouds 

Hostly over- 60.6 
cast 

Mostly over- 59.8 
cast 

Mostly over- 56.4 

Sunny 84.6 

Sunny 83.4 

Brok.en clouds 81.6 

Sea ttered 79.2 
clouds, clearing 

Sunny 84.0 

Sunny 77. 4 

Of,W, 119/ml 

n 

n 

0.01 

n 

0.01 

0. 34 

0.02 

n 

n 

n 

0.08 

0.10 

n 

n 

NEARBY IHOUSTRY 

Shell Oil (Refinery) 

C & It 

Lton 011 

Landfll 1, marine 
terminals 

She 11 Oil 

Shell OIi (Chemical) 

Pacific Refining 

Koppers, Witco 

N 
U1 
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The h.\ghesJ DMN 1evel s. found i,n Los Ange.l es over months of 
s.a_mp11-ng were a few betw,een O~ 2 and o, 5 JJ9(m3 • One of two 
h.i:ghest Contra Costa. ~ampl es i,s wtth.tn this range. The 
other is about twice a.s: hi_gh,l ?,nd i:s si;ni.lar to one or two 
sa,mp.les found i.n Ba1ti:more · (upwi.nd of a rocket fuel factory}. 
Thus there is. only a margi,na1 ind\cation of any speci.fi:c 
point erntssion source, and th.e hjghes.t sample 1.s at least 
3,3 mi:1 es from the only known anii.ne manufacturer. 

E, Los Ange1 es County Census Are.a Survey 

In connection wi.th epidemiological studies at the USC 
School of Medici'ne~ Cancer incidence data can be sorted by 
case resi.dence into 26 he.a1th. districts, which are groups 
of census tracts. For purposes of this project these 
d is.tri:cts were recombined i,nto 15 1 a rger areas as shown i:n 
figure 4.8. In each area air samples were taken at spaced 
locations on at least two non-consecutive days. Not 
counting the more frequently used LAC-USC site, each area 
was sampled from 6 to 19 times (average 11) at different 
sites. In Figure 4.8 the approximate spatial distribution 
of the samples is shown. The summarized results are shown 
in Figure 4.9, while individual sample data are in the 
Appendix. In Figure 4.9 the first number is the average 
DMN concentration in the census area, the second the 
maximum DMN found, and the third is the fraction of posi­
tive samples. About one sample in four gave a detectable 
reading for DMN. The highest was 0.48 µg/m 3 in an 0700 
o'clock sample on the grounds of the Los Angeles County­
USC Medical Center. That location is very near the inter­
change of the Golden State and San Bernardino Freeways and 
is also close to fairly heavy local traffic. 

for comparison with cancer incidence data the DMN averages 
for each area were stratified for computer plotting as in 
Figure 4.10. The cancer incidence data for pharynx, 
liver, nose-sinus, larynx, lung, and bladder as similarly 
plotted in Figures 4.11 to 4.16, respectively, for white 
males wi.thout Spanish surname. For demographic reference 
average educational level and family income by area are 
given in Figures 4.17 and 4.18. 
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FIGURE 4.9 
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Summary of DMN air data in health district areas. Average and 
maximum levels are given, then positives as a fraction of 
total samples 
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white males without Spanish surnames,-by area. 
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Computer plot of relative incidence of cancer of the nose-sinus for 
white males without Spanish surnames, by area. 
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V. OTHER VARIABLES 

A. Sea,s.ona,1 Effects.; 

figure 5. 1 shows th.e monthly .Dt:,N averages, without regard 
to s.ampl i.ng si:te, for Los. f\.ngele.s. dayti)!Je sample~. The. 
fracttons are rati_os of numb.er of po~tttve to· total samples. 
The. two htgh months were. N.ovember and December~ durtng 
wh.tch., except for December 28-29., a11 sarnp l tn9 days were 
fai_r. Heavy rains and cloudy wec;1.ther occurre.d through 
most of January and part of feb.ruary, Thts may have 
affected tfie DMN va1ue.s for these months. Al so, durtng 
January and February, more sample.s were collected at 
outlyi'ng parts of the county. It appears that higher DMN 
concentrati'ons and more frequent positive samples occur in 
tfie wi. nter. 

B. Diurnal Pattern: 

The DMN averages for each hour of the day for all samples
taken during August-December at all locations were tabulat­
ed and smoothed by taking moving averages. The results 
are shown in Figure 5.2. The maxima at 0800 and 1800 and 
the minimum at 1300 are consistent with a build-up of DMN 
during the day (perhaps especially during traffic hours) 
and breakdown during the sunny bours from mid-morning on. 
The night-time minimum could reflect reduced traffic or 
other emission activity and loss through dilution pro­
cesses. The maxi.mum at 0100 is based on very few samples
and may not be real. 

Another series at a single location (LAC-USC Medical 
Center) was run in Spring of 1978. In this series six 
consecutive hourly samples per day were run, moving the 
shift around the clock. All hours of the day and night 
were sampled seven times i_n all. The averages for each 
hour were treated as before with the results shown in 
Figure 5.3. As in Figure 5.2, there are maxima at 0800 
and 1800, but mi.dda_y va1 ues do not drop off as much. 

C. Ox i_des of Nitrogen 

Hourly averages for nitrtc oxides, nitrogen dioxide, and 
carbon mono.xi.de were obtained from the South Coastal Air 
Quali'ty· Management Di"strict for the downtown Los Angeles 
s:tatton between July and November. The hourly averages 
nearest tn time. to each nitrosamtne sample taken during
that per-iod were plotted against DMN concentrations. No 
correlation was evident for any of the three pollutants.
No attempt was made to introduce any time offset. The 
majority of the nitrosamine samples were below detection 
limits, while the other three pollutants almost never fell 
below detectability. 

https://mono.xi.de


_.,,.-- ~. 
,,,.-- ~. 

FIGURE 5.1 

13/20 

0.06 

DMN, ft,Jg-m-3 

ave. all sites 
(daytime) 

0.04 

0.02 

-
I 

-

-

-

-

-

4/35 
2/11 

0/10 

C.Ol~'v 

15/41 
12/5511/30 

9/55 

0/0 0/6 
I .0 

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May 

Monthly averages for DMN at all Los Angeles sites, daytime samples. 
Positives as fractions of total samples are given above each bar 

w 
I.O 



0 
.j:>, 

FIGURE 5.2 

0.06 

DMN, ,ug-m-~ 
all sites. 
smoothed 
aves. 

0.04 

0.02 

0111 I 1111111 If 11 I I· I• 1 •I• I 
0000 0400 0800 1200 1600 2000 2400 

Local Hour 

Hourly averages for DMN at all Los Angeles sites during August­
December, 1977. Samples begun during each designated hour are 
included in that hourly average. Data are smoothed by taking 
running averages of four, centered 



FIGURE 5.3 

0.06 
DMN,µg-m-~ 
LAC-USC, 
smoothed 
averages 

0.04 

0.02 

0 1111111111111111111111111 

0000 0400 0800 1200 1600 2000 2400 
Local Hour 

Hourly averages for DMN at LAC-USC Medical Center during March­
May, 1978. Data are smoothed by taking running averages of three 

.f::,, ..... 



42 

VI. DISCUSSION OF RESULTS 

Out of s.everal hundred a,i_r s.a,rople~ t~ken tn m.a,ny Lo~ Angeles 
1 oca tiqns duri.n~ roos.t of th.e ye.s1:r, 9\bgut one i,n.' four contai n.ed 
detectable DMN, Th.e h_i_ghes,t level was 0~48 JJ9(rrt3 and the, . 
average of all s.arople5w.as ab.out 0,0.3 ,119fm.·3 , No strong locahza­
ti_on was: observed, aHnough. there w.ere. apparently ra,ther higher 
level$. i.n the central area than tn the ea~tern or wes.tern parts 
of the county. Both i.ndustry and auto traffic tend to be 
concentrated i:n the central area. More fre.quent sampltng among 
the areas. of htghes.t concentrati_qn of ch.emi.cal, petroleum, 
rubber, a.nd meat or fi,sh processing i,ndustry failed to i.ndicate 
any unus.ual1y h.i,gh concentrati.ons. The location sh.owing several 
of the nigh.est levels observed was at th.e LAC-USC Medical 
Center, 200m east of the nearest freeway, and 400m nor,tlieast of 
a freeway tnterchange, i.e. usually downwind of the freeways. 
Th.ts suggested the possibility that vehicle. emissions have 
somethtng to do with DMN occurrence.. 

The temporal patterns show two effects: more frequent occur­
rence of DMN in winter months, and daily maxima around 0800 and 
1800. The winter effect probably reflects the decreased inten­
sity of solar ultraviolet, which is kno\'fn to photolyze DMN. 
The diurnal decrease during midday may result from the in­
creased sunshine during that period. The diurnal maxima approx­
imately follow the daily vehicle traffic maxima, but perhaps 
also reflect some continuous emission or formation during the 
daytime which is diminished in strong sunlight and dies down at 
night. 

Samples take.n at Hollister and in Contra Costa County were 
about half positives and averaged higher than the Los Angeles 
samples. (They were collecte.d i.n October and April, respective­
ly) Only one sample (from Contra Costa}., however, was higher 
than the hi.ghest from Los Ange1es ( 1 . O versus O. 48 µg/m 3 ). 
With that one possible exception, there is no indication of 
point sources i.n the northern samples. The higher fraction of 
posi.tives could be due. to reduced solar photolysis of DMN at 
the. hi.gher latitudes, or to the time of the year when samples 
were taken. 

Occasionally samples contai,ned diethyl- as well as dimethylnitro­
samine (DEN and OMNl, in comparable amounts. A few spring 
samples (both Los Angeles and Contra Costa} also contained a 
third component with retention time matching approximately to 
dipropyl- or methylbutylnitrosamine, or to dimethylnitramine. 
The. Gt peaks for th.is material were lower than for DMN and DEN 
i.n the same samples. 

https://s.arople5w.as
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In maki_ng or h~ndl i_ng ~i:nes. i,ndus.trt~11.¥ ~ the di_me.tbyl,.. ~nd 
di:ethy-1 a,intnes. WQU 1d not ncmJJ~1l.y b.e. ,fQtmo toge.th.er i,n· one 
proce~s or conta,.i;ner ~ a1th_qugb_ tb,e,r-jni;glit occur tn tb.e same 
chemtcc1l plant i:n diJferent opeNtwris. It ts. conceiyable th9,t 
th:ey could be formed as trace ye.bJcle exhaust components 
(_~na1o~ous. to ammo~ia)_ or b\o~enic~11¥, $u~se.quent. ni:trosatton 
m1:ght occur atmos.pher,:cal ly ~ntb. ni:trous ac,_d or o..x1des of 
ni:trogen. The posstbil i_ty' of an ex~ust source i:s weakened by 
fatlure to observe other ni:tros.a.mi:nes, parttcularly ethylmethyl­
n ttros-amtne (EMN I. This _might be expected to have· a retenti on 
time between th:ose of DMN and DEN, and the amine should occur 
in any exfiaust mixture th.at con.ta tned the. other two, a lthougft 
not nece.ss:ad:ly in Eli.ogentc mi.xtures·. The lack. of correlatfon 
wtth nitrogen oxi:des data at the downtown moni:toring station 
doe.s not support a photochemical synthesis of nitrosamtnes. 
The.. data are compared for samples: whi_ch were usually seve.ral 
mi.l es apart, however. · 

The geographic analysis of cancer incidence patterns within Los 
Angeles County for possible association with present nitrosamine 
levels presents some difficulty. If a relationship does exist 
between recently diagnosed cancer pati.ents and nitrosamine 
exposure, that exposure would have had to take place some time 
ago. Thus any analysis using present nitrosamine levels must 
proceed on the assumption that present levels are indicative of 
past geographic patterns. Such an analysis also presumes that 
any effect of nitrosamines on cancer risk is strong enough 
relative to other etiologic factors that it would be itself 
discernible b,y geographic analysis above the effect of other 
factors. 

The ge.ographi.c distri.buti.on of ni.trosami.ne level ratios and 
cancer risk ratios are illustrated in figures 4.10 -4.16. The 
si:x cancers pi_ctured i_nclude those of the pharynx, liver, nose­
sinw~, larynx, lung and bladder. Data is provi_ded for white 
males without Spanish surnames. M(lppings are presented rather 
th.an correlation statistics so that geographic distributions 
can be. simply and easily visualized. Each map could accomodate 
up to five different categories of risk ratios. 

for demographic reference. purposes, mappi_ngs of average educa; 
ti.ona l level and average family i_ncoroe per geographic area have 
a 1 so be.en tnc l uded (fi gure.s 4. 17 and 4. 18), 

The_re i:s no apparent re.lationsh.ip be.tween ni.trosamine distrt­
buti.on and that of any of the si.x cancers studi.ed. As expected, 
lung cancer among wn.ite males follows soci_al class patterns as 

https://studi.ed
https://re.lationsh.ip
https://ni.trosami.ne
https://distri.buti.on
https://toge.th.er
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mea$ured by ei_ther educati_on or ,:ncome 9,nd no other rel;;i.ti.ons.htp 
ccin b~.. s.een._ No e.vtclence i_s, ctts.ce.rni,ble. wi::tb.i_n tb_e.se. da.tci tn · 
s,upport of cin ~$s.oci_ati.9n bet\1_e.en nttrosaroi:ne.s, a,nd ca,nce.r. 

https://bet\1_e.en
https://s.oci_ati.9n
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IX. GLOSSARY 

DMN - cti:methyl ni.trosamine; N-ni trosodtmeth.yl ami:ne 

DEN - dtetl\ylni'trosamine; N-ni.tros.odieth.ylamine 

GC . gas chromatograph 

TEA - th_ermal energy analyzer; a spectfic detector for 
nttrosamtnes based on pyrolysis to nitric oxide and chemi­
luminescence detection. 

EPA - United States Environmental Protection Agency 
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X. APPENDIX 

Explana,tton for Appendix Column Headings: 

Site: LAC-USC Medi.cal Center, Marengo Street west of Pediatrics 
(Area 5). · 
ERB= Edmondson Research. Building, 1840 North Soto Street 
lArea 5}.
Area 1, etc;:: Census areas noted in Figure 4.9. 

Weather: S = sunny; C = cloudy; R = rain; F = fog; H = haze. 

Other: GC-TEA peaks later than DEN, unidentified. Their presence 
is noted by ~-
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