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Brief History 

 49 y/o male, HBV carrier  

 Exersional dyspnea since May, 2012 

 高雄長庚CV OPD on 2012/8/1, Hb: 5.6, WBC: 

2700, PLT:113000 

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

chromosome +8 

 Induction C/T with D3A7 (2012/10/30-

11/5)complete remissionpost remission C/T 

with Ara-C x 6 dose (2012/12/15) 

 2013/1/22: Dr. 王榮德’ OPD  

 Expired later 



Occupational History 

 汔車修理約35年, 近十年自營 

 工作時間：10 hr/day, 6 d/week 

 工作內容： 
用化油劑、清潔劑擦拭零件 

徒手用汔油在鐵盆中清洗零件，一次約十多分，
一週約3-4次 

拆汽油濾清器和汽油幫浦常常被汽油噴濺全身 

無手套、口罩等防護 

 公會小姐說已經好幾個人 

  得血癌 



Occupational exposure & leukemia  

 Strong: Ionizing radiation, Ethylene oxide 

(環氧乙烷), benzene 

 

    

 

       



Benzene and chromosomal 

change in AML 

 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 of highly exposed workers. 





Automobile Mechanics & benzene 

 
 Mechanics’ benzene exposures have recently been 

reported to range from 0.01 to 13.6 mg/m3, with 

the vast majority of measurements well below the 

current OSHA standard of 1 p.p.m. (3.2 mg/m3)  

 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 

 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.  

 Very High exposure: 

    400-1000 ppm-years: RR=9  

    >1000 ppm-years: RR=83  

 





 

Table S3- Summary of effect size for the relation between benzene exposure and risk of leukemia and dose-response analysis                           

 

     Model     Heterogeneity statistics  
 

Fixed-effects   Random-effects                    

                    model (ES [95% CI])        model (ES [95% CI]) I
2
 Index (%)      Q       (n)   P value 

     

Leukemia 

 

Single stratum including total population      1.40 (1.23-1.57)   1.72 (1.37-2.17)      56.5 34.47   (16)       0.003 

 

Dose response analysis 

Low (>0 to < 40 ppm-years)        1.64 (1.13-2.39) 
66 cases*

  1.64 (1.13-2.39)       0.0  4.47      (8)        0.725 

Medium (40 to < 100 ppm-years)       1.90 (1.26-2.89) 
44 cases*

        1.90 (1.26-2.89)         0.0  4.23      (6)         0.516 

High (100 - ppm-years)        2.62 (1.57-4.39)
 33 cases*

       2.62 (1.57-4.39)             0.0             1.27      (7)        0.973 

 

No dose available              1.25 (1.09-1.44)   1.50 (1.12-2.02)      63.5 16.44  (7)         0.012 

 

 

Acute myeloid leukemia 

 

Single stratum including total population     1.38 (1.15-1.64)   1.70 (1.22-2.36)      51.4 16.46    (9)        0.036 

 

Dose response analysis 

Low (>0 to < 40 ppm-years)        1.94 (0.95-3.95) 
18 cases* 

 1.94 (0.95-3.95)       0.0  1.27      (4)         0.737 

Medium (40 to <100 ppm-years)       2.32 (0.91-5.94)  
8 cases*

  2.32 (0.70-7.72)     38.7  1.63      (2)         0.202 

High (100 - ppm-years)        3.20 (1.09-9.45) 
12 cases*

    3.20 (1.09-9.45)           0.0             0.24      (2)        0.624 

 

No dose available              1.28 (1.06-1.54)   1.48 (1.04-2.11)      57.3 9.37  (5)         0.053 

Exposure to benzene at work and the risk of leukemia: a systematic review and meta-analysis. 

Environ Health. 2010 Jun 28;9:31. doi: 10.1186/1476-069X-9-31.   

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


Exposure Limits 

 

 American Conference of Governmental Industrial 

Hygienists (ACGIH) 

   - 100ppm(1946), 25ppm (1948), 10 ppm (1977),  

   - Since 1997: 0.5 ppm  (STEL: 2.5 ppm) 

 Occupational Safety and Health Administration 

   (OSHA): 

   - Since 1987: TWA 1 ppm, STEL 5 ppm  

 Taiwan: TWA: 1 ppm, STEL: 2 ppm 

 



Exposure from air: 0.016 ppm x 35 years = 0.57 ppm-year 

修車廠作業員工揮發性有機物質暴露評估 - 1999 



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



Dermal Absorption 

 DA (mg)= 0.024 x (%C
B
)
0.6616

 x (Surface area, 

cm
2
 )  

                      x  F
abs

 x  (Time, hr)  

      3675 mg = 1 ppm-year 

徒手用汔油在鐵盆中清洗零件，一次約十多分，
一週約3-4次, 共35年  

     26.4 ppm-year 

拆汽油濾清器和汽油幫浦常常被汽油噴濺全身 

     Duration? Surface area? Frequency  



Back to the case 

 疾病的證據: AML, M2, chromosome +8 

 暴露的證據:  

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

     - Dermal exposure: > 26.7 ppm-year  

 時序性 

 流行病學: 40-100 ppm-year 

 排除其他因素: smoking(-), family history (-),  

no radiation exposure 



 Thank you for your attention 



 



 



 

Type Name Cytogenetics 
Percentage of adult AML 

patients 

M0 
Minimally differentiated acute 

myeloblastic leukemia 
5%

[4]
 

M1 
acute myeloblastic leukemia, without 

maturation 
15%

[4]
 

M2 
acute myeloblastic leukemia, with 

granulocytic maturation 
t(8;21)(q22;q22), t(6;9) 25%

[4]
 

M3 
promyelocytic, or acute promyelocytic 

leukemia (APL) 
t(15;17) 10%

[4]
 

M4 acute myelomonocytic leukemia inv(16)(p13q22), del(16q) 20%
[4]

 

M4eo 
myelomonocytic together with bone 

marrow eosinophilia 
inv(16), t(16;16) 5%

[4]
 

M5 
acute monoblastic leukemia (M5a) or 

acute monocytic leukemia (M5b) 
del (11q), t(9;11), t(11;19) 10%

[4]
 

M6 

acute erythroid leukemias, including 

erythroleukemia (M6a) and very rare 

pure erythroid leukemia (M6b) 

5%
[4]

 

M7 acute megakaryoblastic leukemia t(1;22) 5%
[4]
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Benzene 

 C6H6 

 在常溫下為無色揮發性液體，蒸氣壓約75 mmHg 

 熔點攝氏5.5度，沸點為攝氏80.1度 

 良好的溶劑、去漬劑和清潔劑，先前常被用於油漆、油墨
及黏合劑之使用，已漸被甲苯等較低毒性之溶劑取代。 

 許多有機化物的製造原料： 

    - 苯乙烯（styrene）：可做手提箱、膠盔、汽車零件 

    - 環已烷（cyclohexane）：可做尼龍、合成纖維、工業塑
膠 

    - 酚（phenol）：可做酚醛樹脂、電氣塑膠 

    - 硝基苯（nitrobenzene）：可做火藥 

    - 氯苯（chlorobenzine）：可做藥物、農藥等。 



Benzene 

 石化工業、橡膠工業、製鞋業、鋼鐵業、
印刷業、塑膠業 

 接著劑、化妝品、香水、染料、肥皂、藥
品、殺蟲劑、火藥、油漆去污等方面。 

 無鉛汽油中含有1-2% (USA)或≦5% (UK)的
苯。 

 香煙中也含苯，一天一包血中苯濃度為工
作於1ppm苯濃度之作業環境的1/30。 

 

 



代謝途徑 

 由呼吸道和皮膚吸收 

 吸收後主要分佈於脂肪及骨髓組織，30-

50%由呼吸道排出 

 其餘由肝臟經酵素cytochrome P-450 代謝成
有毒的活性氧自由基產物 (dihydroxyl 

metabolites)，例如benzoquinone，進入細胞
核與DNA鍵結， 這個作用可能與血液癌症
的發生有關。 

 

 



 

Chronic lymphocytic leukemia 

 

Single stratum including total population     1.31 (1.09-1.57)    1.31 (1.09-1.57)       0.0            8.86 (10)        0.450 

 

Dose response analysis 

Low (0< 40 ppm-years)        1.83 (0.75-4.48)
 13 cases*

  1.86 (0.71-4.86)       13.1 1.15      (2)         0.283 

Medium (40- 99 ppm-years)        1.67 (0.86-3.24)
 15 cases*

  1.67 (0.86-3.24)       0.0  0.23      (3)         0.893 

High (100 - ppm-years)        3.50 (0.90-13.2)  
9 cases*

          N/A      (1)  

 

No dose available              1.24 (1.02-1.50)   1.24 (1.02-1.50)       0.0   4.79  (6)         0.442 

 

 

Chronic myeloid leukemia 

 

Single stratum including total population     1.05 (0.83-1.34)    1.05 (0.83-1.34)        0.0              1.69   (6)        0.890 

 

No dose available             1.06 (0.83-1.35)   1.06 (0.83-1.35)       0.0   1.54   (5)         0.819 

 
*
Number of cases 

 

 



 


