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Graduel reduciion of lead
in gasoline ordered by ARB

The siate Air Resources Board vored
on February 19 to reguire oif compaes
to gradually reduca the amuunt of Jead
addaid 1o gasoline sold in California.

The action. climexing a decade of
tebate on the hazards of aitherne lead,
voas taken wfier g leazihy hearing 2t Los
Anzeles City Hall,

ARSE Cluinmzn Tom Quine said the
reduciion of fead in zasoline is necessary
1w proiect  public  health,  especizily
cinhlien in haavily populated Lareas and
slong freeway routes.

“Many parks, plaverounds and apan.

ment complexes nozr freevays pose o
wrnous  health- poblan for children

becanse of lurge cuncentrations of air-
barne lead,” Quinn s2id. “Thers 15 evi-
dence that children who lise s some
Southern Cubfornia areas huve 10 timan
ruore lead in their blood than is normzl.”

The uvnanimous action by the ARB
reginres barge oil refineries 1o phuse Jown
the average lead coatent of all gasoline

March 30-371 me=tings
set for San Francisco

Calitorma Air Resousees Boand will
meat March 30 and 31 i San Franciseo,
Inclnded vn the agendy of the Meech

meetipg will b2 o continued  publie
beaning on proceduses Tor ceniification of
EESOLNT VAPOT reSeL @ty 8y 3ivins 5t Service
siztiona,  public boding 1o considzr
adaption ol ambient sir guality stendaigs
spphezble 1o the Lake Tubhle Al Basin
only, and a review of the eaforcament
rractwees of e Bay Area Air Pollunap
Control District,

Two smbient arr quality slendards il
feremt from the rest of the State xre bag
comsidersd bar Tabe Toahoer aelday
raduciog parhcles and carbon oo,

The San Frooncieco meetuie, wall he

3

{Cnningsd on paye 3)

produced ot eech relinery fiom preseni
evals of around 1 83 grams per gallon v
04 by 1980. Leud reductions and of-
fective dates adopizd are 1.4 grams per
maffon (averege) by January 1. 197710
by January 1. 1975, 0.7 by Junuary |,

the ceductions are based upon 1 ponol
mverage of gasoline produced at the re.
fineries, the companias will be able 1y
oifer premium end poauler grades for
older cars.

Smaller  companics.  praducing  lass
than 20,000 barrels per dav. will be res
quired to reduce average lend content o
1.7 grams per g2lion By Jenuary 1, 1979,
and |4 by January 1, 195D,

Board member Mary Nichols com-
mented the phassdown s necessary tn
achieve tha State’s air guality standard
for lead of 1.3 micrezrams por cubis
meter for a 30<boy o . TAbsv: that
level, indepanden: evidence
shows that there is o danger of permuynent
neusological damagz 10 younszr chil-
dien.” she said.

Speresmzn for somz major oil cora-
prrues  camplaned thar oction could
cause coonamie hard:hip Yor themy, bn
Quinn raspondad that the companies had
refined o prowids a2 Air Resources
Bosd with daa en costs of removing
lead from posohae.

“The oil compames have prosuly esaz.
gerated the piolblem and made G0 very
difficult for ws o de e Jab” He sanl,
“They have sitzimpied 0 msleed w, and
interfers with our eftoris o act o the
public iutzrests.”

While voting in fa.or of the reduction,
Board mzmber Dr. Robzii Sawyer sud,
“lowant 1o po oon reeord us favoring o
cosnplere chimaaation of lead from paco-
Line an the vears ther

Under the new contrody the ARB esti-
mabes the stare il by ghic o gchees s
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MUTAGENICITY OF INHALATION ANAESTHETICS:

TRICHLOROETHYLENE, DIVINYL ETHER, NITROUS OXIDE
AND CYCLOPROPANE*

J. M. Bapen, M. KEeLLEY, R. 1. Mazze anp V., F. SIMAON

SUMMARY

The mutagenic potential of trichloroethylene, divinyl ether, nitrous oxide and cyclopropane was
asscssed in wirro by microbial assay employing two histidine-dependent sirains of Salmonella
typhimurium, TA1535 and TA100. Anaesthetic agents in various concentrations were incubated with
bacteria in the presence or absence of an enzyme systemn prepared from enzyme-induced rat liver.
Nitrous oxide and cyclopropane were not mutagenic, whereas divinyl ether gave a strongly positive
response. Results for trichloroethylene were equivocal, These and previous studies with the salmon-
ella system, rogether with mutagenicity studies using different test systems, indicate that modem
inhalation anaesthetic agents are unlikely 10 be mutagenic,

Among the suggested hazards of operating room
contamination by anaesthetic gases is an increased
frequency of malignancies in female angestherists
(Cohen et al., 1974). It is therefore appropriate to
screen the anaestheric agents for possible carcinogenic
potential. The salmonella-microsome test (Ames,
McCann and Yamasaki, 1975) is an assay that has

oved useful in the detection of chernical carcinogens

mutagens, We used this procedure to test halo-
thane, and four halogenated ethers—methoxyflurane,
isofiirane, enflurane and fluroxene (Baden et al,
1976, 1977)—~for mutagenic activity; only fluroxene
(2,2,2-trifluoroethyl vinyl ether) was mutagenic
(Baden et al., 1978), In the present study we have
tested the volatile anaesthetics trichloroethylene and
divinyl ether and the gaseous anaesthetics, nitrous
oxide and cyclopropane, to determine their mutagenic
potential,

METHODS

The methods and materials used for testing anaes-
thetic agents in the salmonella assay system have been

JerFrREY M. BADEN, MB,, B.S., F.F.A.R.C.S.; M.R.C.P. (U.K.);
MerijeaN KELLEY, PH.D.; RicHArRD 1. Maz2ZE, M.D.;
Anesthesiology Service (1124), VA Hospital, 3801 Miranda
Avenue, Palo Alto, California 94304, U.S.A. VINCENT F.
SivmoN, PH.D., Microbial Geneties Program, Stanford
Research Institute International, Menlo Park, California,
U.5.A,

Correspondence to J. M. B.

* Presented at the 1978 Annual Mecting of the American
Society of Anesthesiologists, Chicago, Illiniois.
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reported in detail elsewhere (Baden et al., 1976) and
are summarized below. The anaesthetics tested were
commercially available preparations. Trichloro-
cthylene and divinyl ether were greater than 99.59,
pure as assayed by gas chromatography.

Bacterial preparation

Two histidine-dependent strains of Salmonella
typhimurium, TA1535 and TA100, were used (Ames,
McCann and Yamasaki, 1975). For each experiment,
inocula from stock cultures grown overnight at 37 °C
were used in a putrient broth.

Metabolic system

A mammalian metabolic activation system, S-9
mix, was prepared from the livers of male Sprague-
Dawley rats sacrificed 5 days after i.p. injection of
500 mg kg~! of Aroclor 1254, a polychlorinated
biphenyl. Aroclor is a potent inducer of the mixed-
function oxidase system. Each assay was conducted
both with and without the metabolic activation
system.

Desiccator incubation experiments

Bacteria-seeded glucose-minimal plates with or
without 5«9 mix werc placed in 9-litre, air-tight
desiccator jars. Liquid or gas volumes of anaesthetics
were added to the desiccators to give desired concen-
trations, which were verified at the beginning and end
of exposure using an infra-red gas analyser. The
concentrations, + 10% tolerance, ranged from 0.1 to

© Macmillan Journals Ltd 1979
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30% for divinyl cther, 0.1 to 10°, fot trichloro-
cthylene and 1 to 81", for nitrous oxide and cyclo-
propanc. The concentrations did not change signifi-
cantly with time. Vinylidene chloride 39; was used
as a positive contral. The bacterial plates were
exposed to the test compound in sealed desiceator jars
for 8 h at 37 °C then the plates were removed from
the desiccarors and incubated for a further 40 h at
37 °C. Colonies on cach plate were counted. Tripli-
cate plates were prepared at cach test concentration,
and each experiment was performed ar least twice.

Liquid incubation experiments

Bacterial cells, with or without $-9 mix, and various
amounts of test chemical were added to sterile,
15-ml stoppered tubes and rotated on a wheel for 2 h
at 37 “C. The air phasc concentrations for a particular
anaesthetic, in the air spaces above the reaction
mixrures, were the same as those used in the desic-
cator experiments. Concentrations were measured at
the beginming and end of exposure, using an infra-red
gas analyser, and were found to vary by not more than
107, with time. Aliquots of the test sample were
added to rubes of top agar, mixed and poured onto
glucose-minimal  medium  plates.  2-Anthramine
2.5 g per plate was used as a positive control. The
plates were incubated for 2 days at 37 °C in zir and
colonies were counted. Triplicate plates were pre-
pared at cach test concentration, and each experiment
was performed at least twice. -

BRITISH JOURNAL OF ANAESTHESIA

Chenticals

The source and purity of chemicals were as
follows: trichloroethylene, Aldrich Chemical Co.
(Milwaukee, Wisconsin), 999-—contains no trace of
1-2 epoxybutane or epichlorohydrin; divinyl ether,
Marshallton Chem. Co. (Winston, Salem, N.C))
99.99¢; nitrous oxide, Liquid Air, Inc. (San Fran-
cisco, California), 99%:; cyclopropane, Liquid
Carbonic (San Carlos, California), 99.9%/,

Analysis of data

The numbers of revertant colonics on treated
plates were compared with the numbers of spontan-
eous revertant colonics on plates expcsed to room air,
Statistical analysis was by ¢ test; P<0.05 was
considered significant.

RESULTS

Nitrous oxide and cycloprane did not increase the
number of revertants in strain TA100 when assayed
either in desiccators or in liquid incubation (table 1),

. Similar negative results were obizined with strain

TA1335. In contrast, plates exposed to the positive
controls, vinylidene chloride or 2-anthramine showed
2.4-~14.4-fold increases in the number of revertant
colonies.

Divinyl ether was mutagenic to strains TAL00 and
TAI1535 in desiccator and liquid incubation. In
desiccators, a dose-dependent increase in revertants
occurred in the absence of metabolic system at vapout

TaBLE 1. AMutagenicity, Salmorzlla typhimuriom srain TALIQ0 (nean manker of
revertant colonies per plate + SEM, n = 6)

Nitreus oxide

Cyclopropane

Conen {vol 9%)

Without $-9  With §-9

Without §-9 With 5-9

Desiccator 0 144416
1 167+3
3 138+14
9 153+7
‘27 162417
81 144420
Vinylidene
chloride 39} €69 =63

0 115+10

1 104210

3 89+6

9 8345
27 988
S1 92+9
2-anthramine 107+ 10
2.5 pg/plate

167+8 167+12 183+ 16
177+ 8 1441 11 157 +12
178 +18 1494 10 157+8
147+7 166+ 10 153 10
15549 168+8 181 +16
160+ 10 125+ 14 122+9

403 +34 886+ 56 604 +37

17+10 92+1 90=x5
98=11 9145 846
10315 91 +7 863
110+ 4 86+2 897
1018 96+6 26x6
99+ 1! 915 92+7
1122.£93 117+8 1299+ 166

Reverlant Colonies

Fievortant Colantes
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]

+—= Divinyl Ether with 5-9(n«6)

o ~ —o Divinyl Ether without $-9(n6)

= Trichloroethylene with 5-8(«18)

.+ — ~Trichtoroethylene without
5-9(n+15)

Revertant Colonies

0t Fr— T T T T | E— | T
0 01 0203 0507 1 2 3

Anaesthetic (%)

F16. 1. Revertant colonies of Salnonella typhisnuriun, strain
TAL00, after desiccator incubation with diviny! cther and
trichloroethylence. Divinyl ether produced a dose~dependent
increasc in the number of revertant colonies at vapour
concentrations greater than 19,; the maximum increase
above background was 2.3-3.5-fold when $-9 was added.
"richlorocth_vlcnc produced a 307 increase in the number

of revertant colonies only in the presence of S-9.

300 :
s—-= Diviry! Ether with 5-9 {n=6)

o- = =2 Dwiny! Ether without S-3 (=€)
——a Trchioroethy'ene with 5.8 (n=15)
== == Trnchloroethyieng wiheut $-8 (v=15)

T
_-——— = = — == =~

Revertant Colonics

_IIL T T 13 T T T L
0 01 0203 0507 1% 2 3

Anaesthetic (%)
F16. 2. Revertant colonies of Salmonella typhimuriim,
strain TA1C0, alter ligiud incubation with divinyl ether and
trichloreethylene. Divinyl ether produced a dose-dependent
increase in the number of revertant colonies in vapour
concentrations greater than 12;. The increase was seen
only in the presence of S-9 and reached a maximum of
2.5-fold above background. Trichloroethylene did not

increase the number of revertants above background.

concentrations greater than 194; when the metabolic
system was added, there was an increase above back-
ground of 8-11-fold for TA1535 and 2,5-3.5-fold for
TAIQ0. In liquid incubation, a mutagenic response

occurred only in the presence of the $-9 mix. Results
are shown for strain TA100 in figures 1 and 2. -

Trichloroethylene did not increase the number of
revertants in strain TA1535 or when assayed by
lquid incubation. In desiccators, however, with the
metabolic system present, the mean number of
revertants of TAl00 was increased approximately
309, above background (149412, n=15) at 19
(196 + 13, n=15) and 3% (194+6, n=15) vapour
concentrations (fig. 1.). Thesc increases were statistic-
ally significant (P <0.01).

DISCUSSION
In the present study, the most significant findings

occurred with gymmw_chww
both strains of salmonella. Both the gases, nitrous

oxide and cyclopropane, were not mutagenic while

the results of the trichloroethylene tests were equi- &

vocal. In similar studies of halothane, enflurane,
methoxyflurane and fluroxene, only fluroxene
(2,2,2-trifluoroethyl vinyl ether) was mutagenic
(Baden et al., 1978). Fluroxene, however, gave
positive results only in liquid incubarion, whereas
divinyl ether was mutagenic in both liquid and desic-
cator incubation. In the desiccator assay, divinyl
ether was mutagenic without the metabolic systems,
although its activity was enhanced when metabolizing
enzymes were present, This finding indicates that
both divinyl ether and one or more of its metabolic
products are mutagenic. In the past it has been
assumed that the toxic effects of anaesthetic agents
were produced only by reactive anaesthetic metab~-
olites. Either divinyl ether was directly mutagenic or
salmonclla metabolized the anaesthetic to a mutagen.
Many other compounds containing the vinyl moiety
are mutagens (McCann et al, 1975) presumably
because this group is highly reactive and can be
oxidized to an epoxide (Bartsch et al., 1975).
ek ¥ is
wither-mot, or_only kly, muesgemae. A 30% in-
¢rease In revertant colomes occurred reproducibly at
1 and 39, vapour concentrations in desiccator assays
with strain TA100. Some authors (Chiu et al., 1978)
would not regard this as a positive result, believing
that at lcast a 1009 increase in the number of
revertant colonies is needed before mutagenicity is
is established. Waskell (1978), who has also tested
trichloroethylene in the salmonella system, concluded
that it was not mutagenic. However, the test con-
ditions used were not the same as in the present
study, On the other hand, Simmon, Kauhanen and
Tardiff (1977), in a study using metabolic activation
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systems prepared from both mice and rats, concluded
that tichlorocthylene was a weak mutagen. This
conclusion is supported by the high frequency of
hepatocellular carcinoma in B6C3F1 mice treated
with commercial trichloroethylene (National Cancer
Institute, 1976). Unfortunately, the test samples used
in the mouse studies were stabilized with carcino-
genic epoxides (Henschler et al, 1977) and were
given in large quantities into the stomach. Thus the
mutagenic and carcinogenic potential of trichloro-
cthylene remains uncertain.

TABLE II. Mutagemicity tests: A = salmon-
clla—Ames  test; B = sister  chromarid
exchauge; C = fibroblast-8-azagnanine

Agents Positive Negative
Halothane —_— A,B,C
Nitrous oxide _ A,B, C
Chloroform — A,B,C
Enflurane — A,B, C
Merthoxyflurane - A,B
Isoflurane — A,B
Cyclopropane — AB
Diethyl ether _— A, B
Trichlorocthylene A? A,B
Fluroxene A,B -—
Divinyl ether A, B —
Ethylvinyl ether B —

Two other muragenicity test systems have been
used recently to test anaesthetics and in general have
confirmed the findings of studies in the salmonella—
microsome assay (table IT). Sturrock (1977) reported
negative results for halothane, chloroform, nitrous
oxide and enflurane, using the cultured Chinese
hamster fibroblast-8-azaguanine system. The effect
of anaesthetics on sister chromatid exchange in
Chinese hamster ovary cells also has been measured
(Stevens et al., 1977). Nitrous oxide, diethyl ether,
trichloroethylene, halothane, enflurane, isoflurane,
methoxyflurane and chloroform had no effect, where-
as divinyl ether, vinyl ethyl ether and fluoroxene gave
posituve results.

The salmonella-microsome assay has proved useful
in the detection of carcinogens as mutagens. Approxi-
mately 859, of known animal and human carcinogens
examined in this system were mutagenic¢ and nearly
all mutagens are carcinogenic (Ames, Mc¢Cann and
Yamasaki, 1975). Our results with the salmonella
assay have been supported by data from the Chinese
hamster fibroblast—8-azaguanine and sister chro-
matid exchange systemns. Based on all the evidence,

; ﬁ"_’n“,"?‘{‘!'." e SN

iy, ety IV
R P

o ] i e

FH oy
F"C—(IJ—D—C:C.*—H
FH
FLURDXENE
ny
H-C=C-0-C=C-H
DIVINYL ETHER

F16. 3. Structural formulae of
fluroxene and divinyl ether.

we conclude that fluroxene and divinyl ether contain-
ing the vinyl moiety (fig, 3) arc potential carcinogens.
These studies also suggest that the modern inhalation
anaesthetic agents, nitrous oxide, halothane, en-~
flurane, cyclopropane and methoxyflurane, are not
carcinogenic.
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MUTAGENICITE DES ANESTHESIANTS PAR
INHALATION: TRICHLOROETHYLENE,
ETHER DIVINYLE, PROTOXYDE D’AZOTE
. ET CYCLOPRQPANE

RESUME

On a évalué in virro le potentiel mutagénique du trichloro~
éthyléne, de 'éther divinyle, du protoxyde d’azote et du
cyclopropane par essai de conformité microbien a I'aide de
deux souches de Sabuonella iyphimurium TA1535 et
TAlQ0, dépendant d’histidine. Des agents anesthésiants,
en diverses concentrations, ont été mis a incuber avec des
bactéries, en présence ou en l'absence d'un systéime
d’enzyme préparé 4 partir de foie de rar trairé aux enzymes
inducribles. Le protoxyde d’azote et le cyclopropane n'ont
pas {1¢ mutagéniques, alors que ’éther divinyle a donné
une forte réaction positive. Les résultats obtenus avec le
trichloroéthyléne onr été équivoques. Ces érudes, ainsi que
les précédentes, effectuées avec le systéme de salmonella,
de méme que les études de mutagénicité effecrudes 3 "aide
de différents systemes d'essais, indiquent que les anes-
thésiants modernes par inhalation ne sont de toute vrai-
semblance pas mutagéniques.
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DIE MUTATIONSFAHIGKEIT DER
INHALATIONSNARKOSE: TRICHLORATHYLEN,
DIVINYLATHER, LACHGAS UND
ZYKLOPROPAN

ZUSAMMENFASSUNG

Es wurde das mutagene Potential von Trichlorithylen,
Divinylither, Lachgas und Zyklopropan in titro mittels
Mikrobenanalyse beurteilt, in der zwei histidin-bezogene
Stimme von Salmonella typhimurium, TA1535 und TA100,
verwendet wurden. Narkosemittel in  verschiedenen
Konzentrationen wurden mit Bakterien in der Gegenwart
oder Abwesenheit eines Enzymsystems inkubicrr, das von,
in Rattenleber herbeigefihirten Enzymen hergestellt
wurde. Lachgas und Zyklopropan waren nicht mutagen,
wohingegen Divinylither e¢ine stark positive Reakton
ergab, Fiir Trichlorithylen waren die Ergebnisse zweidceutig,
Diese und vorangehende Studien mit dem Salmonella-
Systern deuten zusammen mit Mutatjonsfihigkeitsunter-
suchungen, die andere Testsysteme verwenden, darauf
hin, dass es unwahrscheinlich ist, dass moderne Inhala-
tionsnarkosemitte] mutagen sind.

MUTAGEXICIDAD DE ANESTESIAS POR
INHALACION: TRICLORQETILENO, ETER
DIVINILICO, OXIDO NITROSO Y
CICLOPROPANO

SUMARIO

Se evalud el potencial mutagénico de trocloroetileno, érer
divinilico, éxide nitroso y ciclopropano in vitro mediante
evaluacién microbial, empleando dos cepas de Salmnonella
typhimurium dependientes de histidina, TA1535 y TA100.
Se incubaron diversas concentraciones de agents anestésicos
con bacteria ¢n la presencia o ausencia de un sistema
de enzimas preparado con higado de rata inducido con
enzimas, El éxido nitroso y el ciclopropano no fureon
mutagénicos, mientras que el éter divinilico dio una respuesta
positiva fuerte. Los resultados del tricloroetileno fueron
ambigues. Tanto éstos como los estudios anteriores
realixados con el sistema de salmonella, juntamente con
estudios de muragenicidad que se valieron de pruebas
diferentes, indican que es poco probable que los agentes
anestésicos modernos per inhalacion sean mutagénicos.
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