S I %&_Elnn
'["lﬁl“]l == Wﬁ?{p'g

A BRI R 2P - %




Briet History

® 49 y/o0 male, HBV carrier
m Exersional dyspnea since May, 2012

g’ 2= 5 CV OPD on 2012/8/1, Hb: 5.6, WBC:
%OO PLT:113000

m Bone marrow biopsy on 2012/8/14 : AML, M2,
chromosome +8

m Induction C/T with D3A7 (2012/10/30-
11/5)=»complete remission=»post remission C/ T
with Ara-C x 6 dose (2012/12/15)

m 2013/1/22: Dr. = 50 OPD
m Expired later



Occupational History
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Occupational exposure & leukemia

m Strong: lonizing radiation, Ethylene oxide
s 4/5K), benzene

Tumour sites or types with Tumour sites or typeswith  Evidence of
sufficient evidence in humans  limited evidence in genotoxicity asthe
humans main mechanism
Aromatic amines

4-Aming Brny Urinary bladder - Strong
Benzidine Urinary bladder - Stromg

netabolised to berzidine Stro

roaniling)
Urinary bladder
Urinary bladder
Urinary bladder
Urinary bladder

Skin, lung Urinary bladder Moderate
Lung - Stromg
5kin Stromg
Lung - Stromg
Coal-tar pitches (pavi q) Lung

Urinary bladder g
Aluminium production Lung, rinary bladder

Other chemicals

ether Lung



Benzene and chromosomal
change in AML

m Exposure to benzene has been associated
with higher level of the chromosomal
changes commonly observed in AML,
including 5q-/-5 or 7q-/-7, +8, and t(8;21) in
the blood cells ot highly exposed workers.



1989 1990 1993 1994 1995 1996- 1997 1998 1999 2000 2001

7M1 71 7/1 7/1 11

#A55H RS =1, Ovol%




Automobile Mechanics & benzene

m Mechanics’ benzene exposures have recently been
reported to range from 0.01 to 13.6 mg/m3, with

the vast majority ot measurements well below the
current OSHA standard of 1 p.p.m. (3.2 mg/m3)

m Possible dermal exposure to benzene has been
virtually ignored despite knowledge that mechanics
sometimes washed their hands with gasoline and
even siphoned gasoline by mouth

= Dermal route may be the source of as much as 80%
of the benzene levels measured in blood following
repair work involving direct contact with gasoline

Ann Occup Hyg. 2002 Jul;46(5):489-500.



http://www.ncbi.nlm.nih.gov/pubmed?term=Self-collected Breath Sampling for Monitoring Low-level Benzene Exposures among Automobile Mechanics

Risk assessment

m Risk assessment in 1989: AML can be caused

by excessive benzene exposure, meaning a
peak benzene exposure greater than 20 ppm
or an estimated cumulative benzene exposure
greater than 250 ppm-years.

m Very High exposure:
400-1000 ppm-years: RR=9
> 1000 ppm-years: RR =83



Fhalads wi o Frrwecnmesrol Heal'th 3092, 331
htip ermebcunalnet/contenth 141

ENYIROMMENTAL HEALTH

RESEARCH Open Access

Exposure to benzene at work and the risk of
leukemia: a systematic review and meta-analysis
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Table S3- Summary of effect size for the relation between benzene exposure and risk of leukemia and dose-response analysis

Model Heterogeneity statistics

Random-effects
model (ES[95% CI]) 1°Index (%) Q (n)  Pvalue

Fixed-effects
model (ES [95% CI])

Single stratum including total population

1.40 (1.23-1.57)

1.72 (1.37-2.17)

34.47 (16) 0.003

Dose response analysis

Low (>0 to < 40 ppm-years)
Medium (40 to < 100 ppm-years)
High (100 - ppm-years)

1.64 (1.13-2.39) o cases”
1.90 (1.26-2.89) ** cases
2.62 (1.57-4.39) 33 o<

1.64 (1.13-2.39)
1.90 (1.26-2.89)
2.62 (1.57-4.39)

447 (8)
423 (6)
127 (7

No dose available

Acute myeloid leukemia

1.25 (1.09-1.44)

1.50 (1.12-2.02)

16.44 (7)

Single stratum including total population

1.38 (1.15-1.64)

1.70 (1.22-2.36)

Dose response analysis

Low (>0 to < 40 ppm-years)
Medium (40 to <100 ppm-years)
High (100 - ppm-years)

1.94 (0.95-3.95) *° ¢
2.32 (0.91-5.94) 8cases
3.20 (1.09-9.45) 12 cases

1.94 (0.95-3.95)
2.32 (0.70-7.72)
3.20 (1.09-9.45)

No dose available

1.28 (1.06-1.54)

1.48 (1.04-2.11)

Exposure to benzene at work and the risk of leukemia: a systematic review and meta-analysis.
Environ Health. 2010 Jun 28;9:31. do1: 10.1186/1476-069X-9-31.



http://www.ncbi.nlm.nih.gov/pubmed/20584305

Exposure Limits

m American Conference of Governmental Industrial

Hygienists (ACGIH)
- 100ppm(1946), 25ppm (1948), 10 ppm (1977),
- Since 1997: 0.5 ppm (STEL: 2.5 ppm)
m Occupational Satety and Health Administration
(OSHA):
- Since 1987: TWA 1 ppm, STEL 5 ppm
m Taiwan: TWA: 1 ppm, STEL: 2 ppm
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VOCs

HE IS £
(N=39)

R i
(N=10)

off 48
(N=11)

MTBE

20.21+7.32°
ND-=4403 52

19.17+4.58

[ND~226.64]

6.08+4.95
[ND~234.94]

Benzene

52.42+2.34
[4.05~323.42]

25.72+4.07
[ND~94.96]

30.68+4.57
[ND~118.91]

48430+72%

££82 "1')_:_11\ A"l

Toluene

[ND~11212.47]

P =

[ND~16818.96]

1059 11+11.22 %
[ND~20796.55] |

Ethylbenzene

139.75+3.80
[ND~2953.42]

96.85+8.13
[ND~815.46]

297.36x1047 |
[ND~3648.63] |

m- & p-Xylene”

89.42+5.13
[ND~1388.19]

116.32+5.50
[ND~1413.53]

339.37+5.75 |
(19.68~3617.07] |

o-Xylene

89.07+3.80
[ND~965.66]

85.52+5.01
[ND~1023.40]

182.3428.13 |
[ND~2570.17]

1,2,4-Trimethylbenzene*

8.75+4.33
[ND~225.22]

15.08+3.48
[ND~121.53]

37.13+£3.71

1,3,5-Trimethylbenzene

62.62+4.85
[ND~1123.58]

28.76+3.92
[ND~388.32]

[ND~493.43] |
129.82+3.76

48 VOCs

1505.01+3.49
[124.06~13321.62]

1467.39+5 .29
[107.50~18701.57]

[ND~1289.94] |
2846.58+4.05 |

"GM+GSD [Range]

48 ANOVA #3t »# 45 £ 3 218 ARBRE

[138.09~30478.71] |

» p<0.05 -

Exposure from air: 0.016 ppm x 35 years

= 0.57 ppm-year




Origin al Articles

A Quantitative Method for Estimating

Dermal Benzene Absorption from
Benzene-containing Hydrocarbon Liquids

STEPHEN E. PETTY, MARK NICAS, ANTHONY A. BOIARSKI

This study examines a method for estimating the
dermal absorption of benzene contained in hydrocar-
bon liquids that contact the skin. This method applies
to crude oil, gasoline, organic solvents, penewrants, and
oils. The flux of benzene through occluded skin as a
function of the percent vol/vol benzene in the liquid is
derived by fiting a curve o experimental data; the
functon is supralinear at benzene concentrations = 5%
vol/vol. When a liquid other than pure benzene is on
nonoccluded skin, benzene may preferendally evapo-
rate from the liquid, which thereby decreases the ben-
zene flux. We present a dme-averaging method here
for estimating the reduced dermal flux during evapo-
ration. Example calculations are presented for benzene
at 2% wvol/vol in gasoline, and for benzene at 0.1%
vol/vol in a less volatile liquid. We also discuss other
factors affecting dermal absorption. Key words ben-
zene; dermal; exposure: modeling; quantification; flux;
gasoline; mineral spirits; crude oil

INT J OCCUP ENVIRON HEALTH 2011;17:287-300

centration in the hydrocarbon liquid: 2) the composi-
ton of the liquid; 3) the condition and body loca-
tion/area of the skin; and 4) the duration of exposure.'
Although inhalation of benzene vapor has wadidonally
received the most attenton, more consideraton is now
being given to dermal exposures to benzene.** and o
chemical contaminants, in general.**

For example, Sahmel, Boeniger, and Fehrenbacher®
estimated benzene dermal absorpton for automotive
repair workers who used gasoline containing 2% ben-
zene. They calculated that approximately 92% of the
total daily benzene absorbed dose was due o dermal
exposure. In making this estimate. they assumed that
1% of the benzene in the volume of gasoline contact-
ing the skin was absorbed. The 1% value was based, in
part, on the observations that 0.13% of pure benzene
placed in a nonoccluded manner on human palmar
skin is absorbed; damaged primate skin permits five-
fold more benzene absorption in vive than does non-
damaged skin; and workers with frequent hand contact

Int J Occup Environ Health. 2011 Oct-Dec;17(4):287-300.




Dermal Absorption

B DA (mg)= 0.024 x (%Cy)%%°1 x (Surface area,
cm? )
x F, x (Time, hr)
= 3675 mg = 1 ppm-year
S AL LAY FEEE . - L A

- ¥ 3-4=x, £ 3hHh+#
=> 26.4 ppm-year
TR R B R R F AT R R Y

= Duration? Surface area? Frequency



Back to the case

o H‘QJﬁJ flfiﬁpz"j]%{- AML, M2, chromosome +8

. B
- Inhalation: 0.016 ppm x 35 year = 0.57 ppm-year

- Dermal exposure: > 26.7 ppm-year

. it

m jjk 995 40-100 ppm-year

m PH=E P9k smoking(-), family history (-),
no radiation exposure




m Thank you for your attention
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Type
MO
M1
M2

M3
M4

M4eo

M5

M6

M7

Name

promyelocytic, or
(APL)

myelomonocytic together with bone
marrow

(M5a) or
(M5b)
, including
erythroleukemia (M6a) and very rare
pure erythroid leukemia (M6b)

Cytogenetics

t(8;21)(q22;922), t(659)
t(15;17)
inv(16)(p13q22), del(16q)

inv(16), t(16;16)

del (11q), t(9;11), t(11;19)

£(1;22)

Percentage of adult AML
patients

5%

15%

25%

10%

20%

5%

10%

5%

5%
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SECTION 1: PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME: 3M™ Carburetor Cleaner. 08796
MANUFACTURER: 3M
DIVISION: Automotive Aftermarket

ARBURETT,
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ADDRESS: 3M Center, 5t. Paul. MN 355144-1000 e
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|  EMERGENCY PHONE: 1-800-364-3577 or (651) 737-6501 (24 hours) |

Issue Date: 10/08/12
Supercedes Date: 03/06/11

Document Group: 253-9065-1

Product Use:
Intended Use: Automotive
Specific Use: Automotive Engine Cleaning Solvent

SECTION 2: INGREDIENTS

Ingredient C.A.S. No. %o bv Wit
TOLUENE 108-88-3 35- 45
ACETONE 67-64-1 20- 30
METHYL ALCOHOL G7-56-1 10- 15
PROPANE T4-98-6 10 - 15
DIACETONE ALCOHOL 123-42-2 5- 10




Benzene
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Single stratum including total population
Dose response analysis

Low (0< 40 ppm-years)

Medium (40- 99 ppm-years)

High (100 - ppm-years)

No dose available

Chronic myeloid leukemia
Single stratum including total population
No dose available

"Number of cases

1.31 (1.09-1.57)

1.83 (0.75-4.48) 2 ="
1.67 (0.86-3.24) 15 cases
3.50 (0.90-13.2) 9 cases

1.24 (1.02-1.50)

1.05 (0.83-1.34)

1.06 (0.83-1.35)

1.31 (1.09-1.57)

1.86 (0.71-4.86)
1.67 (0.86-3.24)
N/A

1.24 (1.02-1.50)

1.05 (0.83-1.34)

1.06 (0.83-1.35)

1.15
0.23

(2)
(3)
1)







