








Radiation protection



Bioeffects of radiation
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Scale vs. Time

Atomic ...10"%s

‘ Chemical ...10™ -104s
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100 keV photon ) ) :
Free radicals and ions diffuse away
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Secondary electron
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B ‘ Biochemical...10 ™ - 107s
Cell division ...60s 1‘9 DNA breaks induced by free

radicals and ions

Intestinal infection ...days to weeks
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Blood cells die, antibodies decline

x l i Cancer, Cataract, Genetic effects... years

Cells mutate
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—H = ! Roentgen (R), Coulomb/kg
—1 R=2.58 x 10 C/kg of air
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A & (Absorbed dose)
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» ¥ i+ ! gray (Gy, SI unit), rad (cgs unit)
—1 Gy =1 J/kg=100 rad
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—Dose (rad) = f x Exposure (R)
— f-factor (no unit): f. .~ 1,f  =0.87
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% i # € (Equivalent dose)
o F I MBAF IR T i F kG AR
3 doricfi
C R A g Sl % 5 5 (H)
—H (Sv, sievert) = Dose (Gy) x wy
— Wy, : radiation weighting factor
wg = | for X-rays, y-rays, electrons;

wg = 2 for protons; wy = 20 for a-particles



7 »#| & (Effective dose)
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_Deffective =X HT X Wt

— W : tissue/organ weighting factor (0 < w<

1)
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*Provided by the 2007 Recommendations of the International Commission
on Radiological Protection (ICRP)
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g Rl ~ gray (Gy)
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Typical effective dose (mSv)

Wt

Investigation [ ffective No of Chest Period of
Dose X-rays Natural Exposure

Radiography
Dental 0.01 0.01 0.5 1.5 days
Chest 0.02 0.12 1 3 days
Skull 0.1 0.05 5 2 weeks
Dorsal Spine 1.0 0.01 50 6 months
[.umbar Spine 2.4 0.01 120 14 months
Barium Studies
Oesophagus 2.0 0.05 100 12 months
Large Bowel 9.0 0.12 450 4.5 years
CT
Chest 8.0 0.12 400 4 years
Brain 2.0 0.01 100 12 months
Thoracic Spine 6.0 0.01 300 3 years
Lumbar Spine 3.5 0.01 175 1.8 years
Nuclear Medicine
9mT ¢ Studies
Bone imaging 3.6 0.12 180 1.8 years
Cerebral perfusion 4.5 225 2.3 years
Myocardial perfusion 5.0 250 2.5 ycars
Gastric emptying 0.3 0.12 15 2 months
Thyroid imaging 1.0 0.05 50 6 months
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US bioeffects and safety
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* Acoustic power : 4z 5 & £ g AT
E'T 5, &
—Peak and average

—Temporal and spatial distribution
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A2 5 M 2 2Tk Heating
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25 A2 Pk ¢ Heating

* 7] (Spatial peak-temporal average
intensity) B & 4p b
—FDA regulation : 720 mW/cm?
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A2 5 A 2 P20k ¢ Cavitation
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A2 5 A 2 P20k ¢ Cavitation

* ¥ 1.ops (spatial peak-pulse average
intensity) & & 4p i
—FDA regulation : 190 mW/cm?

* Mechanical index (MI < 1.9)

_ PNP

VI

— PNP: Peak negative pressure

Ml

— f.: central frequency
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MRI bioeffects and safety
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Mof MRI @ 3% # (423 ) =4
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Magnetohydrodynamic 3z &
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R of MRI : RF coils
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P-1# = i BT 1 fast-spin echo
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| of MRI : gradient coils
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Gradient echo
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* Magnetophosphene
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Maxwell Pair
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* Peripheral nerve stimulation (PNS)
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WARNING!!

WARNING WARNING

STRONG MAGHNETIC FIELD

rilp PACEMARERS STRONG MAGNETIC FIELD
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NO METALLIC IMPLANTS

NO NEUROSTIMULATORS

Persons wilh pacemaiens, neurcsimulatons, o
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Sercw ingry My reslt,

mil LCHGEE MAETEL CRJIECTH

e e AT R TEeeran regmd e
a mpepe oy FEe o pws Bpewmgs gy @
R ETRRCE T P e




Lo 8

o b IREEH 1 0.5 Gauss
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o /| B4 34 7 1 50 Gauss
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* MRI:Z &2 #- 15,000 Gauss
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Quench

M;WJ N |
T S
I.TnJ ; -



ALARA

g -2 W R A g -



	醫學影像安全�Safety
	生物效應與安全性
	有這麼危險嗎？
	Radiation protection
	Bioeffects of radiation
	Scale vs. Time
	如何量化輻射劑量？
	吸收劑量 (Absorbed dose)
	等價劑量 (Equivalent dose)
	有效劑量 (Effective dose)
	各種組織的加權常數
	還沒被輻射，頭就暈了～
	生物輻射劑量
	一般游離輻射劑量
	法定輻射工作人員劑量限度
	Typical effective dose (mSv)
	醫療輻射劑量圖
	輻射防護
	US bioeffects and safety
	超音波
	波動  能量
	超音波生物效應：Heating
	超音波生物效應：Heating
	超音波生物效應：Cavitation
	超音波生物效應：Cavitation
	結論
	MRI bioeffects and safety
	先來回憶一下：MRI的儀器設備
	先來回憶一下：MRI的儀器設備
	MRI的生物效應
	M of MRI：強力（超導）磁鐵
	心電圖 T wave 增強
	心電圖 T wave 增強效應
	Magnetohydrodynamic 效應
	ECG T wave 增強的危險 ?
	R of MRI：RF coils
	快速成像技術：fast-spin echo
	射頻激發 (RF) 的生物效應
	射頻激發 (RF) 的熱效應
	I of MRI：gradient coils
	Gradient echo
	磁磷眩光
	例如：Z梯度線圈關閉時
	Z梯度線圈開啟
	Z梯度線圈再度關閉
	體表神經刺激
	MRI 的噪音
	摘要：MRI的生物效應
	MRI 的安全防護
	WARNING!!
	磁力的比較
	以極大吸力快速吸引家電用品
	還有…
	還有…
	幾年前才發生…
	強磁場與鐵磁性物質的危險性
	事前防範的重要性
	萬一發生緊急事故
	Quench
	 醫學影像系統：醫學影像安全

