EXPOSURE

Exposure is generally measured by placing a small volume of air at the point of measurement and then measuring the amount of ionization produced within the air. The enclosure for the air volume is known as an ionization chamber. 
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The concept of exposure and its units can be developed from the figure above. When a small volume of air is exposed to ionizing radiation (x-ray, gamma, etc.), some of the photons will interact with the atomic shell electrons. The interaction separates the electrons from the atom, producing an ion pair. When the negatively charged electron is removed, the atom becomes a positive ion. Within a specific mass of air the quantity of ionizations produced is determined by two factors: the concentration of radiation photons and the energy of the individual photons.

An exposure of 1 roentgen produces 2.08 x 109 ion pairs per cm3 of air at standard temperature and pressure (STP); 1 cm3 of air at STP has a mass of 0.001293 g. The official definition of the roentgen is the amount of exposure that will produce 2.58 x 10-4 C (of ionization) per kg of air. A coulomb is a unit of electrical charge. Since ionization produces charged particles (ions), the amount of ionization produced can be expressed in coulombs. One coulomb of charge is produced by 6.24 x 1018 ionizations.

Exposure is a quantity of radiation concentration. For a specific photon energy, exposure is proportional to photon concentration or fluence. The relationship between exposure and photon concentration is shown below; the relationship changes with photon energy because both the number of photons that will interact and the number of ionizations produced by each interacting photon is dependent on photon energy. If we assume a photon energy of 60 keV, a 1-R exposure is equivalent to a concentration of approximately 3 x 1010 photons per cm2.

...
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Air kerma is another radiation quantity that is sometimes used to express the radiation concentration delivered to a point, such as the entrance surface of a patient's body.  It is a quantity that fits into the SI scheme.

 The quantity, kerma, originated from the acronym, KERMA, for Kinetic Energy Released per unit MAss (of air). It is a measure of the amount of radiation energy, in the unit of joules (J), actually deposited in or absorbed in a unit mass (kg) of air.  Therefore, the quantity, kerma, is expressed in the units of J/kg which is also the radiation unit, the gray (G) .  A little later we are going to discover that the concentration of radiation energy absorbed in a material is actually the radiation quantity, Absorbed Dose , but more on that later. At this time we just need to recognize that air kerma is just the  Absorbed Dose in air.

The quantity, air kerma, has two things going for it and is beginning to replace the quantity, exposure, for expressing the concentration of radiation delivered to a point, like the entrance surface to a human body (patient or staff).

  1. It is easy to measure with an ionization chamber.  Since the ionization produced in air by radiation is proportional to the energy released in the air by the radiation, ionization chambers actually measure air kerma as well as exposure.  An ionization chamber can be calibrated to read air kerma, or a conversion factor can be used to convert between air kerma and exposure values.

  2. It is expressed in a practical metric SI unit.  Air kerma (energy released in a unit mass of air) is expressed in the units of joule per kilogram, J/kg.  This is also the unit gray, Gy, used for absorbed dose.  Here is the easy part.  If we know air kerma measured (or calculated) at a point where soft tissue is located, the absorbed dose in the tissue will be just about equal to the air kerma.

ENERGY FLUENCE

Energy fluence (concentration) is the amount of radiation energy delivered to a unit area. The units for expressing radiation energy concentration are either the millijoule (mJ) per square centimeter or erg per square centimeter. For a specific photon energy, fluence is proportional to exposure. The relationship between energy fluence and exposure is shown above, under "EXPOSURE". The relationship changes with photon energy because of the change in photon interaction rates. However, if we assume a photon energy of 60 keV, the energy fluence for a 1-R exposure is approximately 0.3 mJ/ cm2.

The energy delivered by an x-ray beam can be put into perspective by comparing it to the energy delivered by sunlight, as shown below. For the x-ray exposure we will use the fluoroscopic factors of 5 minutes at the rate of 3 R/min. This 15-R exposure delivers x-ray energy to the patient with a concentration (fluence) of 4.5 mJ/cm2 if we assume an effective photon energy of 60 keV.
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The energy delivered by the sun depends on many factors including geographic location, season, time of day, and atmospheric conditions; a typical midday summer exposure on a clear day in Atlanta produces approximately 100 mJ/sec/cm2. In 5 minutes a person would be exposed to an energy fluence of 30,000 MJ/cm2. We see from this example that the energy content of an x-ray beam is relatively small in comparison to sunlight. However, x-ray and gamma radiation will generally produce a greater biological effect per unit of energy than sunlight because of two significant differences: x- and gamma radiation penetrate and deposit energy within the internal tissue, and the high energy content of the individual photons produces a greater concentration of energy at the points where they are absorbed within individual atoms.

IONIZATION CHAMBER

Un rivelatore a gas può essere descritto come un condensatore fra le cui armature o elettrodi esiste una differenza di potenziale ed il cui dielettrico è un gas. 
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Device for detection of ionizing radiation by measuring the electric current generated when radiation ionizes the gas in the chamber and therefore makes it electrically conductive.

Graph

The number of electrons collected by a gas-filled detector varies as applied voltage is increased. 

E’ interessante studiare il comportamento di un sifatto rivelatore al variare della ddp applicata agli elettrodi. Costruisco un diagramma dove sull’asse delle ascisse vi è il numero di ioni raccolti agli elettrodi (Q carica totale raccolta che è poi l’ampiezza del segnale in uscita 
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The emount of electrical charge realized in an ionizating chamber by a single ionizing radiation event is very small. The energy expended in producing a single event in air is about 34 eV. Older survey meters are calibrated to read traditional units of exposure rate in roentgens per hour (R/h).

 Newer units are calibrated to read Systeme International units or air kerma in grays per hour (Gy/hr), mGy/hr, and so forth. 
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	Ion chamber calibrated in mR/hours
	


Exposure X refers to the ionization charge produced in air, whereas air kerma refers to the emount of energy deposited in air (J/kg). 

1 R = 2.58·10-4 C/kg

[image: image8.jpg]Exposure

Conventional Unit

SI Unit

Conversions

Exposure

roentgen (R)

coulomblkg of air (C/kg)

1Crkg=3876 R

1R =258 uClkg

Dose

rad ®)

eray (Gy)

1Gy=100rad

Dose equivalent]

rem

sievert (Sv)

1Sv=100rem

Activity

curie (Ci)

beequerel (Bq)

1mCi=37 mBq|





Exposure and air kerma are useful quantities because they can be measured using ionization chamber.

1 C = 34 J
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If the air kerma is know at a certain location, the absorbed dose in Gy that would be delivered to a person at that location can be estimated by mean of a scaling factor called the f-factor:
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f depends on the mass attenuation coefficient and energy. For soft tissue 
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, because the effective atomic number for soft tissue is the same of air (average soft tissues are mainly composed of low-atomic number such as H, C, N, O, and so on). For low-energy fotons (E(100  keV) the f-factor for bone is greater than unity because photoelectric absorption by the heavier elements in bone (Ca, P), energy absorption in bone is greater than energy abs by air at these energy. 

For pratical purposes air kerma  is the same of the absorbed dose in grays that would be received by an individual and in turn, the absorbed dose in grays is numerically equal to the dose equivalent in sieverts.

Radiation monitor 'X-ray Monitor Model 2025', 1997

[image: image12.jpg]



This radiation monitor is a portable instrument designed for verifying proper operation of diagnostic x-ray machines, fluroscopes and other radiation sources. The monitor uses an air-equivalent ion chamber with uniform response over a wide energy range in conjunction with a current-to-frequency converter and digital processing techniques to measure exposure rate and exposure.

The unit feature portable operation with battery life time exceeding 1000 operating hours before replacement. The machine provides for the 'quick check' needs of a hospital without demanding in depth training in the use of quality assurance equipment.
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Description

X-ray monitor housed in a hard black carry case. Inside the case is a monitor, power cord, and two accompanying ion cambers. The monitor is beige in colour and has a readout screen, three black switches and five red lights on the front of it. The probes both have beige chambers with extending probes attached, one a pancake type probe and one a rod type probe. The is also a clamp, a rod and a metal plate.
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Radcal 10X6-60/60E probe

Rateo di dose: 100 nR/s – 2.2 R/s opp. 1 nGy/s – 19 mGy/s

Dose: 1 μR – 7.9 kR opp. 10 nGy - 70 Gy

Cine (per frame) 0.01 μR - 100 mR opp. 0.1 nGy - 1 mGy

Calibrazione: 4% a 150 kV, 10.2 mm Al HVL

Dipendenza dal rate: 5%, 2 mR/min - 199 R/min

Dipendenza energia: 5%, 20 keV - 1.33 MeV (con material di buildup)

Costruzione: piani paralleli, 920mm dia X 13mm spessore, 60cm3, 3m di cavo.
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