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• .... , .... CT The paper describes tests on two typical designs of waste-oil apace neat
en~. finng two different types of we&ste crl:&llkcaae oils. Study results can be summar
ized according to the four substances investigated: particulates. polynuclear aroma
tic hydrocarbons (PAHs), organolead, and fuel samples. Analysis of samples from 
the air atomizing heater (AAH) confirmed previously idenWied elevated metal con· 
tent ol .\'a&te oil emissions. Bromine lnela were exceptionally hi&h. The ferrous 
ion (Fe(Il)) cont~nt in particulate aara1ples from the AAH •a• very low. Several 
PAHci wt>rei at elevated levels in gaseous emissions from both apace heater•: the 
vaporizing pot heater (VPH) emis~ions had ~e hither P.;.u r..mt~nt. No organolead 
waA deiterted in emissions from the AAH (organolead analyses were not perfoMned 
on the VPH emissions). Mutagenicity assays of lhe particulate and the XAD samples 
from both hfl'aters were mutagenic and contained direct-actin1 mutacena: emission• 
from tht" VPH were the more mutagenic. Compariaori of the two types of fuels showed 
that emissions from the automobile waste crankc.ase oil were consistently more 
mut;:igenic than those from the truck waste crankcaae oil. 
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I. Introduction 

In .-.cent years federal, state, and local agencies hive focused 
•ttention on 111issions from the combustion of waste crankcase otl. Due 
to the sharp rise 1n the pr1ct of natural gas, fuel 011, and electricity, 
businesses that have an abundant supply of waste crankcase o•l are using 
it for space heating in large 1re1s, such as garages. Unfortunately, 
1ost wastt cr1nkc1st oils contain 11rgt amounts of trace metals. 

In order to obtain etnissions d1t1 which could ~ ustd by conctrned 
9overnment agencies and industry, the U.S. Env1ronlftfntal Protection Agency's 
Office of Research and Development his sponso.-.d ttsts on t.o typical designs 
of .,.stt oil space heaters firing t.o different types of waste crankcase 
oils. The tests w.-. perfonned by EPA's Industrial Environlftf~tal Research 
Labor••ory in Research Triangle Park, NC. 

II. Ttst Equipment and ruels 

T.-o types of wast! oil heaters w.-. tested while fi rinq fil tertd, 
but otherwise unt.-.1ted, waste cr1nkc1s1 oils. One Wl.S 1 Kroll '1odtl 
.,.OOL, waste oil heater rated It 35.2 kW (120,000 Btu/hr heat input). It 
uses 1 v11)"ri2ing pot burner 1n which orly thf hflttd v1pori2!d f~l is 
combusted. With this type of burner the r~sidue of unburntd 111teri1l, 
which 1ccU111Ulates 1n the bottOll of the fuel pot, must ~ physically 
removed. This residue was also analyzed for organic &~d inorg111ic content. 
The second unit tested in this program .,.s 1 Dravo Ha~tings T~,,,.,flo 
Model 20-WO, waste ~11 ~eater rattd at 73.3 kW (250,000 Btu/hr heat input). 
and 1t utilizes an air 1tc1nizing burner. With this type of ... Jrntr, .,st 
ot the fuel is burned and discharged 1s stack tfflutnt. 

T.-o different types of .,.stt crankcase oils w.-. tested 1~ring the 
Phase 1 study. Ont was an autOlllOt1ve WIStt crankcase 011 that WIS obtai~ 
from 1 servtct station. The other WIS 1 truck '-t'lnkcase oil that ,._ from 
1 ditstl truck fleet. Since the .. 1ss1ons rtsultinq from ~Olllbustion of the 
1ut0110tive Wiste crankcase oil .,.,.. htgher, it .as the only waste oil studied 
dwr1ng thl Phase 2 study. 

111. llcltground 

As 1 result of the Phlse 1 tests (1,2), several trace .. tals "9rt 
1«Mntif1td which "9re Mitt.cl tnto the 1tmsphere in high concentrations. 
It was found that burner dtstgn and fuel composition both havt 1 s1gn1f1cant 
effect on tht levels of inorq1ntc tl,..nts .. itttd. Ass"°"' tn Ftgurt 1, t.,. air at011izfng burner 1llowd high levels of trace eltlllfttl to b4t 
c1rrftd by the flue gas f nto the stack. It 111~ hid particulate .. ,, 
emission levels that wrt an ordtr of 1111gnitud1 higher than tho'• of the 
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v1por1zfng pot burner. The v1por1z1ng pot burner retained 1 s1gn1f1cant 
ltllDunt of lhe trace tlftllents 1n the pot residue. The study 1lso showed 
thlt, even thoug~ total organic .. 1ssions fl"Olft thl t_, burners ire simil1r. 
higher levels of polynucle1r 1r0111t1c hydrocarbons (PAHs) were found 1n 
dhchl,.ges of the vaporizing pot burner. 

)
- ..................... .. 
-ITTc--J 1 .. c ........ 

' - ·---·--1 :· 
1: 
' -' -

a. .......... 

.. ...... ...._ ..... • ... Gii 

c. .......... 

FIGURE 1 COf'FARISOft OF TOTAL MASS OF ELEMENTS DETERMINED BY 
ICAP FOR THE AIR ATOMIZING HEATEA.BURNIWG AUTOJl«)TIVE 
AAD TRUCK CRANKCAH OIL. 

As 1 r"tsult of the Phlst 1 screening studies, 1t WIS decided thlt 
1 Ph•~• 2 follow-on study WIS needed to provide.,,.. infonnation about 
\pecif1c chem1c1l species in wtste cr1nkc1st oil 111issions. PAHs were 
1n11yztd tn lftOrt det1il, el ... nt1l 1n1l1s•s (1nclud1ng Pb, Ft, Cd, Zn, 
Cl, 1nd 3r) were ~rfor'ftllfd on the 1tr 1t0111~·1tton burner dhchl,.ges, 1nd 
1n1lys1~ .,.,., conducted to 11111su,.. posstb;1 rg1nole1d constituents 1nd 
to dttenftfftl the dhtributton of iron OJddi!t-J·· states (F1(1I) 1nd Ft(III);. 

In 1ddf tfon to the chell1c1l 1n1lysis, 1 •tcrobt1l 11Ut1gefticfty 
HHy lflS perfo,.._d on the HllPlH colle"t.cl. The 511.,nelll typhi11Urf11R 
11Ut1qen1ctty test dtvelo~ by Ames tt !!· (l) his biin widily usid to 
1v1lu1tt ttt. 11Ut1~;c1ty and pottntTil c1rctft099ntc1ty of pu~ chellic1ls 
and COllPltx ttnvf ron11ent1l s.· ~lts. This 1ss1y det.cts subst1nces thlt 
c•ust fr1 ... shift and blst-.,.ir" substitution 11Ut1t1on 1n histid1ne
requ1r1ng 11Ut1nts, thlt revert to prototrophy 11 1 result of exposu,.. 
to thl 11Ut1gen. The AllH 1s11y wts used tn thh study to 1v1lu1te thl 
potential Clr"c~nogentctty of the cOllllbustton pr"oducts fro1 thl trvck and 
1ut0110tfve WIStt cr1nkc1se oils. 
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JV. Test Me1sur ... nts 

Jn 1dd1t1on, d1t1 .ere obt11ned for 1n EPA Level 1 assesS11ent. This 
required the use of 1 gl1ss Source Assessment Sampling System (SASS) train 
with subsequent dat1 reduction by Battelle-ColUlllbus Laboratorie~. The 
1n1lysis tncluded: spark source .,ss spectroscopy (SSMS) ~sing 1n AEI 
Model MS-702R instrument to screen el.,...ntal constituents; inductively 
coupled argon plasma (ICAP) spectNJ111try using 1 Jarrell-Ash Model 975 
instrUMtnt to 1n1lyze element1l species; and atomic absorption spectroscopy 
(AAS) using 1 Perkin-Elmer Model 5000 instrument tc provide mercury (Hg), 
arsenic (As), 1nd antimony (Sb) emissions d1t1. Total ch.·omatographable 
organic (TCO) 1n1lyses, gr1vimetric (GRAV) 1n1lyses, tnfrar~d (IR) analyses, 
ind low resolution 1111ss spectroscopic (LRMS) 1n1lyses were performed to 
obtain infonnation about organic emissions. 

A slipstream of the stack e:fluent .,~ ducted into 1 dilution tunnel 
~re 1 flow of filtered d1lution air ·as al lowed to mh with the he11ter 
dischlrge at 1 ratio of 10:1. The~ e dilution tunnel effluent .,s 
collected tn 1 Missive Air VolUMt Saa.,. · {MAYS). The MAYS is 1 device 
nonnally used for 111bfent air sampling. It contains Teflon-coated 111t1l 
plates which act as an electrostatic precipftator (ESP). This allows 
large 1tn0unts of particulate to be collected which can be ••sily removed 
for chemtc1l and bioassay an1lysfs. The dilution tunnel simulates the 
dilution and mixing tf\lt .ould occur 1f the fl~ g1s .ere dischlrged 
directly into the environment. Or91nf c b101ss1y samples used in this 
study .,.re colltKted on 1 51 cm• Sl Cftl (20 in. x 20 in.) Teflon-
co1ted P111flex filter. 

Thi s1mp11ng conditions for the t.o stack effluent samplers (SASS 
train and dilution tunnel) are given in Tablt I for both types of Wiste 
ofl heaters firing the 1utomoth1 and truck .,ste cr.1nkcase oil fuels. 

A t0111P1rison of total organic 1Ri1ttri1l collected in the Level 1 
study ts showi in Figure 2 where both bt•rner types are compared for the 
t.o sampling strategies, SASS train and dilution tunnel. 

The objectivt of the Ph111 2 study WIS to perform det1iled 
tnv1st191tions on .,ste otl .. tssion species identified or suspected 
from Level 1 dlt1 gener1ted tn the e1rlftr program. The exper1ment1l 
portion of this study cor·istf'd of five p1rts: 

( 1) Analysts of PAHs 1n gaseous 11t1sstons frmi 1 
vaporfzfng pot helter (Kroll) 1nd tn 1tr 
r'011ization cOllbustton syst .. (~r1vo) 

(2) l-ray fluor~scenct analyst' of 1f'Organ1c s~cies, 
including Ir, I, Ft, Cd, Pb, and Zn, tn particulate 
dtschirge' frOll tht 1tr 1ta.tz1tion heat1r. 

(3) Analysts of the Fe(JJ)/Fe(lll) ratio tn the 11r 
ato.wtzation gaseous 1fflu1nt. 



T AILE I s.MPt. 116 DA TA 

s.p 1 t ft9 Cond tt t Oft 
Y ~-tr,'" tz t ng lut"Mr 

lutGllDt ve Truck 
Atr At•tztng Bu,,_r 

Autc.>tlve True' 

•w•r1ge ~tick te11per1ture, •c (•f) 414 (777) 41(. (781) 339 (642) 332 (630) 

Alnor re1dtnq, 11/•in (ft/•tn) 119 (424) 126 (412) 84 (27S) 88 (288) 
It stick conditions 

Steck dt-ur, m (tn.) IS.Z (S.98) lS.2 (S.98) 22.ct (9.02) 22.9 (9.02) 

Tctll vol ... supled. SASS, 
-3 (ft.]) 

lO (1060) 32 ( 1100) 15 (530) 29 ( 1020) 

Total vo1":5 MlllQltd. dt lutton 
t .... 1. (ftl) 

126 (USO) 80 (2800) 11 (2700) 117 (4130) 

Vol.-.trtc fla.. r1~ (Q) 1t irP 0.015 (O.Sl) 
(20•t, 1 ltll.), /SK (ft /HC) 

0.014 (0.49) 0.024 (0.8S) 0.024 (0.85) 

F•l fled r1u, 1/ttr (911/ltr) 2.5 (0.66) 2.S (0.6S) s. 91 ( 1. 56) s Jl (1.56) 

-
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(C) Ana1yi1s of 1ir 1t011iz1tto" 91sl'Ous disr"4tr~s for 
or91nole1d COlllPOS1tton. 

(S) Dtt1f 1ed biCNISSly analysts of tfW ~ASS Ind dtlwt10ft 
tunnel s111Ples collected tn t'- ltvel 1 study. 

To c0111Plete th• s.,.ct1tfon .. 1sur..,nts outlined 1b0ve, t..o SPtc11l s;-,l1n9 
systlflltS wer-e used to collect suft1blt s1t11pl1s. A Jitodift.ct ... t"Od ~ tr1tn 
(J91S}, s"Own 1n ifgurt 3, "'\ used to colltct the SlllP1ts •or PAH 1nd .,t1ls 
1n1lysh. "'5 HllPlts llftrt colltcttd for both air 1tc.tutton and v1oor111u9 
pot burners fn ordtr to 11e1~wr1 PAH ,.1,ston ltvets. ...t1ls speci1tion t1sts 
.. rt Pfrfo~d only fn thl 1f r 1t011iZ•tfon tests since ltvtl 1 d1t1 rtvt1l1d 
tltvlttd 11et11 dtsch1r9ts frOll 1ir 1t011iz1tion burning. 

n.r ....... . 

...., .. ,,_ 
O.t.llWf 

-- - - - - - -;.;;-in ir.=C~ 

FIGURl 3. THE MODIFIED METH(,0 5 (""5) TRAIN. 



Tflit s•111P11ft9 coftdttto"s ustd for t"' v1Pori!in9 pot "'5 SllllPlts 
1r1 9tW9ft t~ T1blt IJ. tdltlt t"' 1tr ltOll'lltiOft ""15 s1111Pltn9 co~ttions 
1r1 91wtf' tft T1blt llJ. 

'"'- or9'1nolt1d s•111Plts r9Qu1 rtd ~vtlopmeftt of 1 cryo91nic HlllPl ing 
,,,t .. dtst9"fd to c~St t,. l1r~ &llO\Jnt of ... ter found tn 1 cOllt>ustto" 
sO\lrtt. Stw1r1l dttst9~s test~ .ou1d trip 1 plu9 of tct, thus closing off 
ttw flow n,.... T"t cr~ntc Hll01tr uStd tn thh study h shOWI 
sc .... ttc1111 tft rt9urt • 1~ ts fully dtscusstd in t"' EPA r~rt 
dci\crt~tn9 thts stwdy (4). 

v. lft1l1ttc11 Ntt9'0ds 

T"t substlftCtS of tnttrt\t tn uw 1n1lf'h of the "'5 p1rticuhtt 
ftlter Sltll>lts .. ,.. thOSt SP«its whir" Nd bffn dtttettd 1n the PNse 1 
stlldy at rtl1ttvtly hi•h ltwtls tn ... ste otl c~stto" .. tsstons: 
iodt._. (l), c1dllllt"'9 (C(), iron (rt). ztnc (Z~). lt1d (Pb), chlorine (~1), 
1nd brOllt._. (Ir). Stnct tron .. , tdtnt1ft~ IS one of the pr~;n1nt 
-.t1lltc tl,..nts tn .. stt otl comt>ustton ,.;sstons. 1n 1ttt11Pt ..,, inadt 
to tdcinttfy t,.. rt11ttwt ...ounts of t,,. Ft spectts tn the P1rticul1tt 
r"li\ston stftlll)lts. Cons,.quentl1, t.o 1n1lysts •rt conduct.ct on tht ""5 
p1rticu11tt s1111C>lts: 1-r1y fluortsctnct 1n1lysts of tht stvtn tltment1l 
so.c11s of tftttrtst 1nd 1 ftr~us to" (rt!II)) ct.trn1in1t1on to allow 1 
e1lcuht1on of t"' rt( I I )/rt(: I I) r1t10 1r the ,.tssions. 

l·R•y Fl..ortsctnct Ari1lysts--

l-r1y fly0resctnct •~lysts •rt oerfo~ on thr.e 111'5 filter 
c1tc"ts frOll the 11r ltOlliHtton hitter ttsts. T.o of the ftlter· HllPlts, 
dcist9n1ttd lllo. l 1ftd lllo. 5 ... r• P1rt11l runs with .-t9hts of 0.6527 g 1nd 
0.5932 9, wtt1lt No. 6 rtprestf'ttd 1 COllC>lttt ttst run 1nd h1d 1 net 
.-19"1 of 0 8719 9. T9'e 1n1lysts .. ,.. conducted with 1 i.vt• Energy 
Oisptrstvt 1-r1y ~1y11r. Thts tnstrumtnt po\stssts t"- c1p1b111ty of a 
CQlllPuttr-controlltd fu~t1l per,..t•r progr .. to obtain qu1ntit1t1vt 
rtsul ts. 

r1rrous Ion ~lysts--

Tht ferrous ton {Ft(ll)) conttnt of tht thret air 1t011i11t1on ""5 
filter HllP1ts Wll dtt1n1iMd using 1 bathOpMnlnthroltnt phota.tric 
•thOd. Tht prtnctplt of the •thOCI h blstd on the fo,...tton of ftrrou: 
blthopt\tn1nthrolfne CQllPlex tn 1 solut ton buffertd at pH S w1 th subs~uent 
••traction tn chlorofor'll. The 1bsorblnc1 of tht C011Plt1 1t Sll n11 WIS ustd 
to esti .. te tht ferrous ton conttnt fro11 1 pre tously prt1>1rtd c11tbratton 
curvt. The c1ltbr1tfon curve ... ~ constructtd ustng ftrrous ...oniUll sulfite 
IS I st1nd1rd. The ftlttr SlllP' .lfre pr1p1r.ct by .. tgh1ft9 the filter and 



8 

TABLE JI. TtST CONDITIONS FOR VAPORIZING 
POf COMBUSTION EXPERIMENTS 

Run 1 

Baronwttric pressure. MPa (in. Hg) 0.102 ( 30. 2) 

Stack temperature. °C (•F) 411 (711) 

S~ack velocity, m/sec (ft/sec) l.7 (12.2) 

Meter t~er~ture, °C (•F) 38 ( 101 ) 

Jsokinetic variation, i 112. 7 

Corrected dry volume. scm (scf) 3.6 ( 126) 

Moisture volUlftf, scm (scf) 0.29 (10.4) 

Flue gas co.nposition 
H~O, I 7.7 

c 2' ' 7.) 
o~. i 11. 7 
C , ppm ( v/v) 10 

Calculated moltcular weight 28.~7 

Auto crankcase oil used, 1 { ga 1) 15 (4) 

Test time. minutes 280 

Rate, l/hr (gal/hr) 3.2 (0.85) 

Pot residue, g 290 

Residue deposition rate 
g/cc 0.0193 
g/1111n 1.03 

Average A P t orfffce plate, 
Pa (in. H20) 

158 (0.635) 

-Run 2 

0.102 ( 30. 1) 

419 (786) 

3.7 (12.2) 

40 ( 104) 

109. 7 

4.0 ( 143) 

0. 31 (11.1) 

7.2 
7.0 

11.8 
10 

28.87 

14 (3.7) 

330 

2.S (0.66) 

310 

0.0222 
0.94 

175 (0.7C3) 
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TABLE tit. TEST CONDITIONS FOR AIR ATCJ-IIZ~TIOH 
COMBUSTION EXPERIMENTS 

Run 1 

Barometric pressure. MP1 (in. H9) 0.102 (30.2) 

·tack temperature, •c (•f) 266 ( s 11) 

~locity, m/stc (ft/sec) 1.4 (4.6) 

Meter temperature, •c (°F) 40 (104) 

Isokinettc variation, I 657 

Corrected dry vol~. scm (scf) •.3 ( 151) 

Moisture volume, scm (scf) 0.40 ( 14) 

Flue gas composition 
HbO, S 8.3 
C 2• I 10-11 
Oz, I 6.8 
CO, ppm (v/v) so 

Calculated molecular ~ight 28.36 

Auto crankcase 011 used, 1 (gal) 22 ( s. 81) 

Test time, minutes 220 

Rate. 1/hr (gal/hr) 7.3 ( 1 . 6) 

Average 6 P I or1 fice plate, szo (2 .1) 
Pa (in. H20) 

-

P.un 2 

0.102 \ )C. 1 ) 

266 ( s i 1 ~ 

1.4 (4.6) 

4 ') ( 1 C4) 

361 

3.3 ( n n 
0.34 ( 12) 

9.3 
10-11 

6.8 
50 

28.24 

31 (3.21) 

311 

7.3 ( 1 . 6) 

92 (0. 37) 
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digestiftCJ tht U11Plt 1n 50 •1 of 51 HCl &1ndtr 1 C02 1t011Sphtr-e. TM cooled 
solution WIS diluted to 100 •1, from -"ich 1 20 •1 aliquot w1s tr11ttd with 
the blthOPNnlnthro11ne r-eagent. 

PAM Ell1ss1ons 

The four "'5 tr1in samples collected 1n tht cOllbustion tests •rt 
•~lyztd for PAN by hi~h resolution g1s chnJ1Utogr1phy .. ss spectf'Ollltry 
(HRGC/MS). To prepar-e for thh 1n1lysh. tht XAD-2 resin HlllPlt WIS 
1•tr1cttd with .. thyltnt chloride, 1lon9 with the parttcul1t1-l1dtn filter, 
in 1 Soxhl1t 1xtr1ctor. The filter WIS re-tatr1cttd s1p1r1t1ly with benlent 
to f'ellOYt PAM COllll)Ounds not 1xtr1cttd by 111thyl1nt chloride. The rtsin-
fi lter extr1ct .. s combined with tht 11tr1cts of the 1queous imptnger. 
This cOlltbiMd Htllplt, which cont1tMd .,,t of tht or91nic burden, .. , 
1n1lyztd by 91s ch~to9r1phy 1nd 9r1vi .. try to dtte,..tnt conct.nst~le 
or91ntcs. Thi cOllbined or91nics s1111pl1 and the .,._,ztne ~tlttr extr1ct 
•rt ttMtn cOllbined 1nd r-Huctd to I bout 1 •1 wt th 1 Kudtrna-Dlnistt 
conc1ntr1tor. and to 1 final vo1Ulllt of 0.5 •1 by dir-ecttng 1 gentle 
str-e• of nit~ 1cross the top of the HllPlt. An 1flttrn1l stlndlrd 
.,, spiked tnto the simple 1t this pt'l1nt before 1n1lysts by HAGC/MS. 

Ort1nol11d C011pOunds 

As with the s1..,lin9 systttt for or91nol11d COlftPOunds, 1n 1nalyttc1l 
•thod hid to bt dtvtlo~ for tht dtt1nnin1tton of thtH COlftC>Ounds. l~ld 
1lkyls art 1 cOlllOn fuel 1ddittv1, used 1s 1n 1ntiknoc~1n9 1rgrtd1tnt t~ 
gasoline. TtMt pr1nc1P1l ~pecies used cc:..-.rc11ll1 are the .. l~yl 1nd 
ethyl subst1t.,.,_ts, pr~tn1ntly tttr ... th)l (TML). trt•thyltthyl (TMEL). 
~i .. thylditthyl (DM0£L), 111thyltritthyl (MTEL). Ind tttr11thyl (TEL) ltld. 

T'te .. thod .,st Coml)nly ustd to •uur-e 1lkyl lt1d COllPOunds ts q1s 
ch~to9r1phy (GC) coupled to 1n 1toeic absorption sr1ctr011tttr (AAS) (5). 
Th9 AAS acts as 1 sensitive dtt.ctor for lead. Aadziuk tt 11. u~d cryo~nic 
slll!pling Ind GC/AAS to 11t1surt lllbitnt alkyl lead with 1~r1phite furnace 
techntq~ to dellonstratt instrument sensitivity of •o pg Pb, which corresponded 
to lbout 0.5 ftCJ/•l tn I 70 lfttr 1tr SllllPlt (6:. After t•pert .. nting with tht 
Gt/AAS tnterfacts proposed tn tht ltt1r1ture, 1 11Ddiftc1tton was ustd in this 
study .hich 1111Pro¥td tnstrU11tnt stnsttivity for direct fl ... •ta111z1ti0ft. 
Thts llOdifttd tni..rf1c1 cOftststtd of 1 0.3 cm (1/8 in.) (0.D.), stainless 
stMl GC t"bt movnttd d1rKtly into tM t..s• of tht AAS burner 1nd 1tt4chtd 
to ttMt GC columt. Thi •ffluent from tht GC col.., ts passtd through this 
tube 1nd tht entire effluent unifon1ly asptrattd across ttMt n ... front. 

The GC/AAS syst• u1ed WIS I V1r11n Moff 1 UOO GC tnt.trf1c.ct to I 
Perlttn El .. r Model 5000 AAS. The 6C .,s equipped wtttt a 0.9 • (l ft) x 
0.64 C9 (0.15 in.) (O.D.) st1tnl1ss StMl col.., PICktd with lOI (W/W) 
Clno.IJl 20M Oft 100/120 .. ,,. Poras11 c. The col.., .. s held hot ... ,...1 It 
1Jo•c Ind "911Ull (120 •1/•in) Wis tht carrier 911. TN reftrence standard 
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used for c1libr1tion WIS provided by tlMt Ethyl Corporation (MLA-500(T313)) 
and contlined 1.53 mg Pb per •1 of solution tn tsooctant. The concentr1-
tt0fts, nt~tton t1111s, and 1st1 .. ttd det.ctton lt•tts for the individual 
Utr11l1tyl l11d s.-ctes in ttw ntftntnct •ixtura Int give~ tn T1bl1 IV. 

COllllPOUftd 

nt. 

Ml 

Dial 

MT El 

TEL 

TABLE JY. ALKYL LEAD REFERENCE MIXTURE -
fl.A-500(T31 3) 

Concentratton, a.t...-tton Ti•, 
1.1g/•l •ir. 

,,. 0.61 

336 0. 78 

S'8 1. 17 

•08 1. 78 

l23 3.00 

Dtttetton L1•1t, 
ng 

11 

22 

30 ,, 
81 

Chf"OllltOCJr111s showing tht s1p1r1tton and rapid elution (cC •1n) 
capab11ttits of the GC/AAS systM are ShOwn 1n Figure 5. The UPP9" 
chra.togr• shotft a SO 1.1 l injection representing 5. 7-27 .4 ug of tht 
11 kyl ltld COllPOUnds. The lo.er chrOMtogr• shlotn 1 5 "1 inject ton 
reprastttt1ng 0.6-2.7 ug of 11ch COllPO~nd. At high sa111Plt loading on tht 
GC col.-n, as showa tn tht upper chrOMtogra•, TMl 1nd Ml show overlap 
1nd loss of resolution. Resolution ts restored by reducing the ltllDunt of 
HllP 1 t lftl 1 yztd. 

YJ. Mutagenictty lio1ss1y MtthOd 

Tht futl 1nd organic extracts of tht SASS SlllPlts (XAO Oftly), and 
u .. f11 ttr u.plts from the dtlutton tunnel, for cOllbust1on of 1uto11Dti ft 
and truck WISU cr1nlr.c111 oth, ustng both 1t011h1nt and v1porhing burners 
wre btoaHt~d for .,tagentcity (7). Tht standard Sal.,nell1 tf!himurh• 
plate ·nco. porattnt 11111 with •tnor •cl1fic1ttons (3,8) WIS per o...a. 
Tht ftlttr and restn Sl11Ples wrt Soxhltt 1xtr1cttd with dtchloro119thlnt 
for 24 hours. Tht 1xtr1ct WIS thtn solvtnt·t•ChlncJed into dt111thyl sulfoxidt 
(DMSO). Tht organic 1xtr1cts and tht OMSO slurry of tht westt oils .ere 
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G;)Teuamethyl·IMd - TML (J) 
~ Trimethyteth1'-1Md - TMIL 

I. Dimethyldiett.yl·IHd - Da.tDIL 
Methyttrlethyt-INd - MTL 
Tetraethyt·le•d - TIL 

SO ~1 injection 

5 "'1 injection 

MIN 3 2 1 

FIGUftE 5. CHA(JMTOGIMS OF TETWLKYL LEAD 
CCJMPC>UIOS IN TH( Ge/AAS SYSTEM. 

0 
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ttsttd, with and without S9 111tabolic acttv1t1on {the Aroclor-1nductd r1t 
livtr 9000 x q hollo9en1tt) in S1l..,nell1 typh111Ur1uin ttster str1tn TA98. 
Tht dltl wre analyzed using thi nonlintar 1110del to dete,..ine the slope of 
tht dose r~sponst curve ( 9 ~ . 

VII. Results 

Orga no 1 tad CCM!>Ol•Nf s 

Analysis of cryogen1c s111c>les from the air 1t011ization burner tests 
tndtcattd that no organolead CQllPOunds wrt pres~nt tn the 111tssions. 
Since alkyl 111d s~ctts ire 11>st likely not fo~ in tht cOllbustion 
conditions found in burning Wiste cr1nkc1st 011 tn the 11r atomizer cOllbustor, 
the presence of these C:QlllPOunds would be 1n indication of unburnff org1nolt1d 
add1thts tn the Wiste 011 fuel. To dete,,.tne 1f or91nolt1d COlllPOunds 
.,rt present in the cr1nkc1se 011 ustd to fuel the 1tr •t011iz1tion burner, 
the Wiste oi 1 WIS 1n1lyztd directly with tht GC/AAS syst .. 1nd produced no 
111asur1ble alkyl lead s19~~1. The fuel oil thin WIS sp1ktd with 1 known 
1ddttton of the Ethyl Aeftrenct Standard 1nd analyzed by direct irjection 
onto the GC/AAS 1nalyttc11 syst.... Tht chr0111togr111 frotf'I thlt 1 aalysis 
ts given tn Ftgure 6. This chr0fllltogr111 shows 111asur1bl! ~•k~ (except 
for TEL) near the detection limit. 

©Tetr•methyl-lead - TML 
<Z)Trimethylethyl-lead - TMEL 
CJ) Dimethyldiethyl-le•d - DMDEL 
(j) Met"yltriethyl-le•d - MTL 
(l)Tetr•ethyl-le•d - TEL 

MIN 
I I I 

3 2 , 
Fl&uR[ 6. 6C/AAS CHROMATOGRAM OF TH£ SPIUD 

WASTE OIL FUEL IY DIRECT lllJECTIOll. 

I 

0 
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If org1nole1d ca.pounds were pres~t in the fuel. they ..ould be It 
extr.,..ly low levels. fro11 the GC/AAS 111ethod detection li•its cited 11r11er. 
thh •thod sho11ld ••sure approxi•telv 20 "a TML/.,l tn flue ps •hsions 
and 1bout 25 119 TML/1 tn the .. stt ot 1 fuel. fro11 the previous Level 1 
1n1lysts of 1tr 1ta.iz1tion burners using the sltllt 1uto1110btle cr1nke1se 
oil for fuel (1). 1 fl11e q1s le1d concentration of 140 11tg/ml ind 1 wtste 
oil conc1ntr1tton of about 3 9/l were found. These concentrations. tot1l 
111d tn llMSte 011 fuel and flue gas dtschlrge. 1r1 far 1bov1 tnt d..onstr1ted 
111thod detection limits for the GC/AAS 111thod. If lead were appreciably 
present fn an org1n0111t1llic fo,.. in thest simples. it should be 11e1sur1blt. 
These d1t1 indicate thlt or91nole1d COftlPOunds could be only 1 •inor constituent 
of the 1tr 1tc.iizer discharges -.1sured in this study. No or91nolead analyses 
were .,de on vaporizing pot burner emissions. 

Organolead CQlllpOunds hive betn 1sti1Mttd to be a s•l 1 perc~tage 
(0.1-14~) of total lfllbient lead (10-12). R1dliuk 11 tl.. (6) found thlt tail
pipe ll'issions of alkyl 111d 1r1 1 •inor fraction of ambient organol11d 
levels. Volatile lead t011POunds in the ambient air arose ff'Olll vaporization 
of g1soltn1 and volatile lead losses frOll liquid fuels. not fro11 cOllbust1on 
in internal combustion engines. The s1111 effect .ould be expected ff'Oll 
wtste oil combustion. Waste crankcase oil combustion should be of ~1nor 
concern for ~roducing org1nole1d emissions in the alllbient air. 

Ferrous Ion Analyses 

The results of the analysis of the ferrous ion (Fe(ll)) content in 
the ,..5 p1rttcul1te samples from the 11r 1tomiz1tion heater are given in 
llblt y. 

TABLE Y. FERROUS ION CONTENT OF FILTER SAMPLES 

~) Content Total Ft 
Sa111Ple Total F11ttr Ota "g/g Content.• 
NUlllb9r W.ight. g .,g (PPll) "g 

l 0.6527 62 95 11.900 

5 0.5932 52 • 9.100 

' 0.8719 74 85 19,200 

• As dete,..ined by X-ray fluorescence 
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Thts. datl tftdfe1te that Fe(II) 11 pres•nt at relatively tnsigniftcant 
levels tn .. tssfons from tl'Mt air 1ta11t1atton heater fueled with automotive 
.. siz oti. eo.pertson of Fe(II) data with the X-ray fluorescence results 
for total Fe content s~s that Fe(II) constitutes only 1 •fnor portion of 
tl'Mt Fe content tn these .. tsstons. Stnce fron ts ex~ted to be converted 
prt .. rf ly to fontc fo~ 1n cOllbustton processes. an 1ss1i11Ptton can be .. de 
thlt only 1 relatively s..11 lll)unt of tron will be tn the el111tntal state. 
Con1~uently. the lll)unt of Ft(III) tn tht SllllPlt can be e1ti .. ttd by sub
tracting tht Fe(ll) coni.nt fro11 the total Ft content. The resulting values 
for Ft(lll)are relatively large, and thlt Fe(II)/Ft(JJI) ratios .ould, there
fore, be s..11. TM preda11inant fo,.. of Ft tn the ... stt oi 1 cOllbustion 
1t11isstons ts, therefore, Fe(JII). 

PAH E•hs tons 

PAH tt11f ssfons are of concern sine• several llletllbers of this class 
of or91ntc COllllPOunds are constdtred to be :11 ... lian carcfnogens. The 
results of PAH 1n1lys.s are presented fn Table YI. In ~ral. the v1porizin9 
pot HlllPlH s~ higher concentrations of tftdhidual PAH s~cies thin the 
air 1t01tiz1tfon sa"C)lts. Since Runs 1 and 2 .ere intended to be duplicates, 
and .ere very si11i lar in test conditions and SltllPling ~r.,.ters. the 
observed test-to-test differences refl.ct the variability of thtst dlta. 

The data in Table YI are corrected for 1 systtt11 blank analysts, but 
are not corrected for 111thod recoveries. "9thod losses were esti .. ttd by 
the technique of labeled isoto~ addition. Jn this .. thOd, a known 111Dunt 
of an 1t011ic isotope of tht c011POunds analyzed ts !piked into the ""5 train 
after s1111P11n9. Tht recovery standard 1n this analysis .. , benzo(a)pyr~ 
(a.P-d12). These spikes .ere adllfnfstertd by liquid injtctio~ of 40 ~g 
81P-d12 in benzene solution onto tht XAD-2 resin. Quantitative (approxi .. tely 
lOOi) recoveries were found for the a.P-d12 spikes. 

The cQlllPltxfty of the wtstt otl cOllbustion dtschlrr.s ts tllustrattd 
by the total ton chro.atogr• of the air atomi zatton SlllP e shown tn 
Ff gure 7. This chro111togr• represents a sf111Pler ~alt patttm where 
extracted ton chro.atography ts used to i111Prove analytical sensitivity. 

511.,nella "'taptcttx Ass11 

The uncOllbusted automtht otl showd low .,tagenictty (0.09 revertanU,", Q 
with tx~s 1cttv1tton tftd 0.03 revertants/~g without acttvatton in str1~~ 
TA98) and the trvclt otl s~ no .,tagentc act hi ty. The •tssfons from 
both burner type1 ustng auta.>ttve and trvcll oth wre .,Ugentc aftd contah• .. 
dtrect-acttng .,tlt"S. In C011P1rtson with other cOllbustton •tssions and 
bisect on revert1nts/~9 or9antc1. tht 11Ut1v-ntctt1 of the organtcs 1atracttd 
fram tM p1rttcles fro11 ..ast1 otl cOllbu1tt ..... 1 ..as cQllplrablt to or .,re .,ta99nic 
thin the org1ntcs of the parttcles •ttttd fro11 a restdenttal .ood stove, but 
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TABLE YI. RE SUL TS Of PAH ANALYSES 

Com,>0und V'-Run 1• 
Alaount Detected 10g,•3 drx 

V'-~un 21 - un 11 ll-~un 21 

Nlphthl 1 ene 12 ' 5 4 

Ac1n1phttMtne 0.3 0.2 

Ac1n1phthyl1nt 2 

Fluorene 6 0.6 0.8 0. 7 

Pt.nanth"ne 1ob 5 6 • 
Anthr1c1ne 2 0.2 0.2 

Fl uorantheM o.• 0.5 

Pyrene 3 2 0.5 0.5 

Benzo(1)1nthr1cene • 0.2 o.• 
Chrystnt 0.2 0.4 

ltnzofluor1nttMtnes 6 

l1nzo(1)pyrene 5 6 0.05 

l1nzo(1)pyrene ' 8 1 

P1rylene ' 0.6 

lndeno(l,2,3-cd)py.-.ne 0.8 

lenzo(gh1)perylene 0.1 0.6 

Anthlnth.-.ne o. 1 1. 1 

Coronene 0. 1 

I VP • V1portztnt Pot Sl1110lt; AA • Afr Atomt11tton Htattr Slllplt 
b This ,,,.rent htgh "sult WIS v1rtf1.cl by fr1C)lleftt ton patterns 

1nd 1pP4t1r1 to bl 1n out 1t tr. 
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FIGURE 7. HRGC/MS TOTAL IOM CHROMATOGRAM OF A VAPOAIZING POT SAMPLE. 

ltss 111Ut.IV-nfc thin fro11 •ny dltstl .sol tne 1n9i.,. exhausts or 1 
residential otl t.ater (13). In ord J ulcullte the .,tagenlc .. hslon 
rite, the .,tagentctty of the O~Qi ·r1cts (,..vert1nts/~9) was 111U1tip11ed 
by the o~ntc •isston rate (1o19/mJ). ·1rt- 8 shows the .,tav-ntc •1sston 
rate of the SASS UD incl the dtlutton !.." .t1 SlllP1H from .. st• on cor.>ust1on 
in Sllmone111 ll:"1.,rtU111 TA91 with 1n without .. t1boltc 1ctlv1tlon. 
CQllPlrfson of &O t1"S of fuels used shows that the •lutons from 
automotive otl cOllbustton .. ,.. consistently..,,.. 111Ut1gentc thin the •hstons 
from trvclt otl cOllbustton. Wttt,fn t,. ,._ type of fuel. either 1utomoth• 
or truck on. t .. misstons ,,.. the v1port1lft9 burft9r .. ,.. .,,.. .,t191nic 
thin t .. •hstons from U• 1toehtng burft9r. 

VIII. Dtscusston 

The results from thh stud1 can bl 1.-rt red 1ccordhMJ to the four 
substances tnwesttrtlcl: parttcullte •intons, PAM •futons, o,...no1e1d 
c-..ounds, 1nd fue supln. 


