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Laperience in industry over the last half-century suggests that long-term exposure
to high concentrations of benzene in the air in the workplace is associated with the
ecvurrence of various blood dyscrasias, including leukemia.

It has been stated that no basis exists for the determination of a dose-response
rel. monship for the lcukumogénic action Of benzene. A Critical review Ofthe lit-

{! 'dx and E!kms. 1948; Schanenberger, 1963; Vigliani, 1976) second that the

incidence drops when the level of exposure is reducied (Yllner. 1976; fkeda, 1976;

Aksoy, 1980); and_1hird and most importantly, u(at no cases Of benzene-induced
leukemia have been reported in workers exposed 10 concentrations that_did not
cxcccd 100 and possibly 150 ppm (Jandl. 1977a: Aksoy, 1977; Pagnotto et
. 1979). T

Tnerc art some flaws in the reports which suggest an association between an
excess incidence of leukcmia in workers and exposure to low levels of benzene. In
the context of this presentation. it :s not possible Lo go into detail criticizing those
few reponts which do suggest such an association and to which reference nas re-
peatedly been made. ThiScritique has been given elsewhere (Lamm and Tabershaw,
1977, Jandl, 1977b: Yan Raalte 1979). A very relevant coment. however, should
be repeated here. The authors of those papers suggesting suchan association related
the reported effects or responses to an at-times-broad range of concentrations.
recorded intermittently, t0 which the subjects had been exposed. With respect to
the concentration at the upper end of the range. this is probably justified. The
observed effects are known to be associated with exposures at high levels. An
entirely different situation. however, exists with regard to the concentrations at the
Jower end of the range. These were measured at different times, Because of the
fluctuating levels 1n a ""range of concentrations'* there were probably occasions
when even lower concentrations could have beea recorded, In the practice of in-

' Paper preseated 1n BN at the Workshop on Benzene—I[aterpretation OF Data and Evaluation of
Curreat Knowiedge, June 10-11, 1980, Vieana.
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TABLE 1 -
FaCTs (NOT OPINIONS OR DEDUCTIONS) THAT EMERGE AFTER CRITICAL Enwanon.
OF THE LITERATURE

Level® {ppm) : Hematology Myciopathy Leukemia’
10 - - - -
15 - - -
20-28; - - -
%0~ + - -
100 + + 2
150 + + +

* Al the workplace dunng most of the time.

dustrial medicine und environmental health, the lower point of an exposure range
i practically always zero. Thus, the concentrations at the lower end of a range as
well as the so~culled ""mean concentration™ become meaningluss in dose-response
relationships ‘

[n these eaircumstances, the only meaningful relationships are

(1) an observed effect at a defined upper concentration and.
(2) a no-ciTect/no-response level be/ow a defined upper concentration.

Bearing these comments in mind. particularly point (2), a critical evaluation of
the literature reveals the facts as depicted in Table 1,

Ai lower concentrutions no cascs of effects have been described or reported that
can withstand the acid test of critical validity.

BENZENE AND THE GENERAL PUBLIC

Turning row to the possibility of a leukemia hazard to members of the general
public from exposure to benzene in community air, the following established facts
arc relevant:

(1) Nocases in workers have been reponed to have occurred at levels of exposure
below 100 ppm.

TABLE 2

NORWAY —GasoLINe CONSUMPTION, NUMBER OF DEATHS FROM LEUKEMIA 12 YEARS LATER.
AND MORTALITY RATE FROM LEUKEMIA 12 YEARS LATER

Gasoline Number of deaths Mortality rate from
consumption from leukemia leukemia per 100,000
Year (tons - 10") 12 years later 12 years later
1950 322 298 8.3
1982 363 302 8.2
1954 404 322 3.6
1956 453 354 9.9
198K 3t 337 a9
1960 MJ 3s0 a7
1962 687 340 8.5

1964 306 341 t B
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~— GASULINE CONSUMPTION, TONS - 107 -
— MUMBER OF LEUKEMIA DEATNS, 2 YEARS LATER 908 -
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FIG. 1. Annual gasoline consumption from 1950 10 1964 and totai aumber Of cases of leukemia 12
yeurs later, 1962 10 1976. in Norway.
-

—= GASOUINE CONSUMPTON, TONS - 10° /

—= WMORTALITY RATES *MOM LEUKEMIA®(per ’
100,000 poomianen ) / .
12 YEARS LATEW /7

1 1 . 1 : 1 It
1950 1932 1934 936 938 W60 1962 864

F1G. 2. Annuai gasoline consumption from 1950 to 1964 sod lcukemia mortality rate (per 100,000
12 vears later. 1962 10 1976, in Norway.
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TABLE 3 -

THE NETHERLANDS—GasoLINE CONSUMPTION AND MORTALITY FROM LEUKEMIA:
ToTaL Numser OF CASESAND NUMBER OF CASESIN MENONLY

. Gasoline Total number of Total number of deaths
consumption deaths from leukemia {rom ieukema in men
Year - (tons-i0’) 12 years later 12 vears later
1955 ; 188 930 $31
1987 » ~ 977 880 488
1959 1112 819 440
1961 1315 a2 $20
1962 1427 all 538
1961 1541 912 522
1964 1778 920 sis

{2) Exposure of the generul public occurs at concentrations ai least two to three
orders of magnitude lower than have been recorded [or industrial situations. Mea-
sured concentrations of benzene in community air were reporied to range fran 0.5
io 16.3 ppb. Thus. in a Frankfurt residential area outside traffic arteries values of
462-16.3 ppb were measured (Batelle Institute, 1976); in an urban area in Berlin
Dahlem, 0.79-4.38 ppb (Lahman er al., 1978); and in a rural residential and
industrial area. 3.08-9.24 ppb (Frohne and Knappe, 1975). These lewels are very
similar to those reported from the United States, viz., 0.49- 12 ppb in 18 cities and
fowps and 0.49-2 ppb in rural areas (American Petroleum Institute, 1978). an
average of 1S ppb with peaks up to 57 in the Los Angeles Basin (Lonneman er al.,
1968), and an average of 13 ppb in Toronto (Pilar and Gradon, 1973). This com-
pares favorably to levels reparted by Robinson er a/. (1973) from air in the Amazon
Basin: up to 14 ppb.

(3) Expcrience fram Europe shows that the incidence of leukemia does not in-
crease with increasing emissions of benzene in community air.

TABLE 3b
THE NETHERLANDS —STANDARD I ZBMoRTALITY RATES

Standardized Standardized
Gasoline mortaiity rate from mortaiity rate from

consumpLon leukemia per jeukemia per

Year (1ons - 10%) 100.000 100.000 maies
1955 888 7.1 El
1956 989 7.1 33
1957 977 65 73
1958 1037 6.1 72
1959 1112 58 6.3
1960 121s 6.7 7.7
1961 131s 6.3 73
1962 1427 6.2 75
1963 1541 6.0 72

1964 1778 6.0 70
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116G 3a. Annual gasune consumption from 1955 to 1964 and total number of deaths from leukemia
12 vears later, i967 tu 1976, in The Netherianas.
TG 3b. Standardized mortality rates for The Netherlands.

When far-reaching regulations are being discussed. it would seem reasonable —
apurt from a consideration of assumptions and. at times. acrobatic extrapolations —
to take a sober look ax facts and figures for what has actually occurred in real life.

GASOLINE CONSUMPTION, MORTALITY RATES. AND INCIDENCE
OF LEUKEMIA IN THREE EUROPEAN COUNTRIES

There 1s no doubt thar the greatest single contribution to the presence and con-
centrauion of benzene in community air—certainly in Europe—comes from the
manufacture. transport, storage. and use of motor gasoline.

Annvesuigation has been carried out of the consumption of motor gasoline and
its benzene content N three European countries together with the number of leu-
kemia deaths and the incidence of leukemia over a period of years. Since benzene-
induced leukemia may have a latency period of 5 to IS years, the consumption of
gasoline has bezn correlated with the Occurrence of leukemia 5, 12, and, in one
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= TOTAL GASOUINE CONSUMFTION, TONS - 10°

= NUMBER OF DEATNS FROM LEUNKEMIA IN 4".
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F1G. 4. Annual gasoline consumption from 198S 10 1964 and total pumber of deaths from leukemia,
for maies only. 12 years later, 1967 10 1976. in The Netheriands.

case. IS years later. The countries involved am Norway, The Netheriands. and
Denmark. All three countries have an excetlent National Bureau of Statistics which
registers both movements in commerce of goods such as gasoline and causes of
death from diseases such as leukemia.

TABLE 4s

DENMARK — ACUTENoNLYMPHOCYTIC LEUKEMIA (ANLL): TOTAL NUMBER OF CASES,
INCIDENCE PER 100,000 AND GASOLINE CONSUMPTION 15 YEARS PREVIOUSLY

Gasoline consumpuca
Total cases Incidence (tons- 10°)
Year of ANLL per 100,000 1S years previously
1963 167 34 614
1969 182 36 652
1970 |8 37 690
1971 188 3.8 723
1972 186 37 786
1973 153 30 790
1974 145 29 852
1975 155 31 910
1976 133 26 979
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TABLE «»

DENMARK — TOTAL NUMBER OF CASES OF LEUXEMIA AND GASOLINE Cow
15 YEARS PREVIOUSLY

Gasoline consumption
Total cases (tons - 10°)
Year of leukemia 15 years previously
1968 ~ 487 614
1969 523 652
1990 434 690
197 539 723
1972 506 76
1973 444 790
1974 467 852
1975 492 910
1976 438 979

1. Norway*

Table 2 and Fig. I show the annual gasoline consumption (tons- 10*) from 1950
to 1364 and the total number of cases Of leukemia 12 years later, i.e., from 1962
to 1976.
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F16 Sa. Gasoline consumption | S years previousiy and incidence per 100,000 of acute nonlymphocytic
lesicnna in IDenmars.

Fit. 5b. Gasuline consumption 1S yesrs previously and total number of cases of all types of leukemia
in Denmark.

! From: Secretury-Gencral, Norwegisn Petrolcum Institute and Cances Registry of Norway, Oulo,
1978: “lacidence of Cancer in Norway,”
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F1G. 6. Gasoline consumption 15 years previously and total sumber of cases of acute nonlympbocyie
leukermia in Denmark.

Since the population of Norway increased considerably during the period which
would afTect the number of cases of leukemia from other causes. the incidence of
leuhemia per 100,000 population was aiso tabulated and this is also shown in Table
2 and Fig. 2.

2 ANetherlands®

Table 3a and Fig. 3a show the total annual gasoline consumption (tons. 10°*)
from 1955 to 1964 and the mortality from leukemia expressed as the total number
of cases 12 years later. i.e., from 1967 to 1976. Since men would probably be more
heavily exposed than women. a similar investigation wes carried out for males only
(Fig.4). There s no correlation. The standardized mortality rates have decreased
(sec Table 3b and Fig. 3b).

3 Denmark®

Denmark has a very sophisticated cancer registry which enabled tabulation of
the acute nonlymphocytic leukemia (ANLL) cases separately. It is this type of
leuhemia which particularly has been associated with exposure lo benzene. Tables
4a and b and Figs. Sa and b and 6 show the number ofcases as well as the incidence
of AKLL per 100,000 population, together with the gasoline consumption 15 years
previously.*

"From: Aponymous (1978); OECD Statistics: and Centraal Bureau Statistiek, Voorburg.
® From: Danish Iastitute of Petroleum; Clemmesea (1979).
"Table 4b and FiJ. 5b show all cases of leukemia
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TABLES

DENMARK —TOTANuUmseR OF Cases oF ANLL 1N Mares ONLY AND
GASOLINE CONSUMPTION 1S YEARS PREVIOUSLY

Number of cases Gasoline consumption
of ANLL (tons- 10°)

Year in men 15 years previously
1968 34 614

1969 103 652

1970 a1 690

971 a 723

1972 102 .

1973 30 790

1974 72 852

1975 82 910

1976 63 979

Table 5 and Fig. 7 show the total number of cases of ANLL in males only and
the total gasoline consumption 15 years previously.

The benzene content of motor gasoline in all three countries gradually increased
from an average of 1.5% in the midfifties t0 3-3.5% (range 2-6%) in the sixties
and seventies, For Denmark (Clemmesen, 1979) the absolute number of cases of
ANLL remained constant during and after the war.

Gori. deputy director of NCI, emphasizes *"the distinction between the practical
and the theoretical®* (1980). The above figures tend to confirm this and would lead
to rhc conclusion that at low concentrations benzene das Little or no effect on the
idcidence of Teukcmia. T T T T

—— TOTAL MUMBER OF CASES OF LEUKEMIA, AQUTE
WON-LTMPROCYTIC IN marfs &

—-- TOTAL GASOLINE CONSUMPTION 1S YEARS
PREVIGUSLY

| B N 1 | S S N S |
WEA 1965 1970 TBTY 1972 1973 197 WIS W

F1G. 7. Gasoline consumption {5 years previousiy and total sumber of cases of acute noalymphocytic
leukemia, for males only, in Denmark.
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