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Liéu hiéu dung dbi véi chiéu xa ngoai
trong trrong hop nhiém ban cac buc xa
photon ¢ trong dat

Tran Vin Hing

Tém tit — Lidu co quan va liéu hiéu dung cia
ngudi trweéng thanh ddi véi chiéu ngoai trong trwong
hop nhiém bin cic birc xa photon & trong dit da
dugc tinh sit dung chwong trinh MCNP va phantom
MIRD-5. Sy tinh toin dwgc thwe hién cho cic ngudn
photon don ning véi nhitng ngudn ning lwong tir
0,01 MeV dén 5 MeV. Hé sé chuyén dbi liéu trong
tinh toan sir dung chwong trinh MCNP ciing dugc so
sanh voi két qua tinh toan trong cong trinh ciia Keith
F. Eckerman va Jeffrey C. Ryman.

Tir khéa — Bioreactor dang ong, tao S. platensis,
TPBR, Photobioreactor dang ong

1 GIOI THIEU

am 1990, Uy ban Qudc t& vé An toan Birc xa
(ICRP) da dé nghi xem liéu hiéu dung E nhu
1a mot thude do cua lidu chiéu ca nhan. Tuy
nhién, khong thé do hay danh gia E mot cach tryc
tiép. Pé thyc hién cho muc dich nay, cac ky thuat
Monte Carlo két hop véi phantom hinh ngudi duge
su dung. Mot $6 cong trinh tinh toan lidu hiéu
dung dbi v6i chibu ngoai do cac nhiém ban khac
nhau nhu dét, khong khi va nuéc di dwoc tinh
toan. Nam 1974, Poston va Snyder [8] thuc hién
nghién ciru tinh toan nhiém ban phong xa trong
moi trudong khong khi ban vo han; nam 1981, D.C.
Kocher [6,7] d tinh toan liéu hiéu dung nhiém ban
trong nudc va dat ban vo han. nam 1993, Keith F.
Eckerman va Jeffrey C. Ryman [5] da két hop
phuong phép tung d gian doan va phuong phap
Monte Carlo de giai phuong trinh van chuyén
photon cho ngudn photon dugc phan bd trong méi
truong; nam 1995, K. Saito va P. Jacob [9] tinh
lidu co quan tir ngudn phong xa phan bd dong déu
trong khong khi st dung phuong phap Monte
Carlo. Tat ca cac cong trinh nay déu tinh toan lidu
hiéu dung dya trén nguon btrc xa nhiém ban trong
mdi truong voi sy phan bd dong déu va trong
truong hop ngudn don ning tir 10 keV dén 5 MeV.
Dé tinh lidu hig¢u dung cho cac dong vi phat da
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ning, nguoi ta xem rang lidu nhu 13 mot ham cia
ning lugng va ding phuong phap ndi suy liéu cho
ting muc nang luong [11].

Trong béo céo nay, trinh bay két qua tinh toan
lidu co quan va lidu hiéu dung cua nguoi trudng
thanh tir nguén gamma nhiém ban trong dét tuong
tmg v6i 12 mirc ning luong tir 0,01 MeV dén 5
MeV dung chuong trinh MCNP va phantom hinh
nguoi MIRD-5.

2 VAT LIEU VA PHUONG PHAP

Trong cong trinh nay, chuong trinh MCNP
phién ban 4C2 va phantom hinh nguoi truong
thanh [1 - 4] duoc st dung. Chuong trinh MCNP
duoc phat trién boi Phong Thi nghiém Qudc gia
Los Alamos - Hoa Ky. Chuong trinh MCNP Ia
mot chuong trinh da muc dich su dung phuong
phap Monte Carlo d¢ md phong cic qua trinh vat
1y mang tinh théng ké cho cac hat notron, photon
va electron. Tiét dién cua buc xa cua photon dugc
ly tir thu vién hat nhan ENDF/B-IV. Phantom
MIRD-5 c6 nam dang phantom: phantom tré so
sinh, phantom hinh ngudi 5 tudi, phantom hinh
nguoi 10 tudi, phantom hinh nguoi 15 tudi va
phantom hinh nguoi truong thanh 21 tudi. Trong
cong trinh nay, dang phantom hinh nguoi truong
thanh dugc str dung.

Céu hinh tinh toan sir dung chuong trinh MCNP
dugc dua ra trong Hinh 1, bao gom ving dat bi
nhiém ban cac dong vi phong xa (ving ngudn) va
vung khong khi. Vung nguon dugc mod ta la mot
hinh try ban kinh Rmin va d¢ day la dmin. Blc xa
photon cua cac nhan phong xa nhiém ban trong dét
dugce xem 1 phan bd ddng déu voi cuong do 1a 1
Bg/m®. Phantom hinh ngudi truéng thanh MIRD-5
dugc dung trén mit dit va bao quanh 13 ban ciu
khong khi cé ban kinh cyc tiéu Ruin.
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Hinh 1. Hinh hoe tinh todn

Trong d6, gia tri Rmin d6i v6i cac mirc ning lugng
gamma duoc ldy tir cong trinh [10], dmin s& duoc
khao sat trong cong trinh nay. Trong tinh todn, mat
d6 ctia khong khi 13 1,2.10°% kg/m3, mat d6 cua dat
la 1,6.10° kg/m? va cac thanh phan cia chung
duoc trinh bay trong [5].

3 CACBUOC TINH TOAN

Xac dinh d9 day ving nguén

Pé tinh toan hiéu qua liéu trong co quan su
dung chuong trinh MCNP, mét diéu quan trong 1a
t6i uu hoa kich thudc ving ngudén nham giam qué
trinh 14y mau thong ké va nhu vay giam thoi gian
chay ctia may tinh. Do day 16p dat ngudn dmin €O
thé dugc xac dinh bang cach danh gia kerma Kair
trong khong khi tai vi tri cach mat dat 1 m véi do
day khac nhau cua ving ngudn. Kair phu thudc
vao do day ving ngudn d va 1a mot ham cua d. Do
day t6i thiéu ving ngudn dmin duoc xac dinh khi
Kair(d) 1a mot hing sb. Kair(d) ciia ngudn photon
ning luong EO phan b dong déu trong ving dat
hinh tru duogc xac dinh boi:

alr Z k(E

Trong d6 Ei la nang luong trung binh trong
khoang nang lugng i, ®i(Ei, d) 1a thong lugng
photon ting véi nguon hoat @6 1 Bq/m? & trong dat
v6i nang lugng Ei, K(Ej) 1a hé s6 chuyén ddi cho
kerma khong khi d6i v6i mot don vi thong lugng
clia ngudn photon don ning. Hé s6 nay dugc lay tir
tai liéu ICRP-74 [12]. Thong lugng ®i(Ei,d) duge
tinh bang chuong trinh MCNP dung Tally F5 tai vi
tri cach mat dat 1 m. Tally F5 1a mot taly chudn
trong MCNP ding dé tinh théng luong chim hat
tai mot diém.

Do day 16p dat cuc tiéu dmin trong tmg cho cac
ngudn don ning tir 0,01 MeV dén 5 MeV dugc

@, (E;,d) ()

dua ra trong Bang 1; trong d6 ky hi¢u mfp la
quang chay tu do trung binh doi véi photon nang
lugng E trong dat.

Bang 1. Do day 16p dat cuc tidu cua vung ngudn véi 12 mirc
nang lugng tir 0,01 MeV dén 5 MeV

Ning lugng Dj day dat cuc tidu dyin
(MeV) (mfp) (cm)
0,010 7 0,2114
0,015 7 0,6993
0,020 7 1,6660
0,030 7 4,8860
0,050 7 13,7900
0,070 7 20,0900
0,100 7 25,8300
0,200 7 34,0900
0,500 5 34,700
1,000 4 38,0400
2,000 4 54,4000
5,000 3 61,8000

Tinh liéu co' quan va liéu hi¢u dung tir nguén
don nang

0 déy tinh lidu twong duong HT [5] cua co quan
va liéu hiéu dung E cho cic ngudn photon don
ning ¢ 12 muc nang luong tir 0,01 MeV dén 5
MeV dya vao phantom MIRD-5 nguoi trudng
thanh. Liéu co quan dugc tinh bang tally F6 lién
quan v6i hé s6 fm dya vao card FM6 trong MCNP.
Tally F6 c6 thé tinh nang luong cuia photon dé lai
trong vung. Tuy nhién tally F6 dugc chuin hoa
theo nguén hat va don vi ctia F6 1a MeV/g.

Pé tinh duoc nang lugng dé lai trong mo hoac
co quan mang don vi Gy thi phai dwoc chuén héa
bang cach sir dung hé sé chuyén ddi sau :

6
o {1-602X10 ergs/Mev xlool} X[7(Rpn) Ao

100ergs/g

- Ngodc vuong thir nhat 1a hé sé chuyén don vi
tr (MeV/g) sang Gy;

- Ngodc vudng thir hai 1a hé sé cua cuong do
ngudn birc xa;

- Cudng d6 ngudn buc xa bang thé tich cua
vung ngudn (m3) nhin véi ndng do buc xa trong
d4t =1 Bg/m?3. Liéu co quan tinh theo don vi Gy.

Trong truong hop toan than bi chiéu, nguoi ta
dung liéu hiéu dung E dugc tinh:

E=>WH; @
T

Trong d6, Hr 14 liéu tuong duong trong mé hodc
co quan T va Wr la trong s6 mé déc trung cho co
quan T. Gia tri cia W dugc lay trong [5].
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4KET QUA VA THAO LUAN

Liéu co quan

Lidu co quan cia phantom MIRD-5 ngudi
truong thanh ddi voi cac ngudn ban vo han & 12
mirc nang lugng tir 0,01 MeV dén 5 MeV duge
dua ra trong Bang 2.

Tir Bang 2, sai sb twong ddi (sai sé théng ké
trong MCNP) cta liéu co quan phu thudc vao vi tri
clia cic co quan ndm trong co thé va phu thude vao
nang lugng photon. Vi dy, ¢ nang luong thap, co
sai s6 tuong do6i twong ddi 16n (>10 %), nhung &
nang luong cao (>30 keV) thi sai so tuong dbi t6t
dudi 5 %. Ly do, d6i véi nhitng miic nang lugng
thap hon dic biét 1a ¢ nhiing mirc nang luong 10
keV va 15 keV, viéc tinh liéu cho cac co quan nim
sau bén trong la kho chinh xéc, vi cac photon ning
lwong thap kho o thé t6i duge cac co quan nay.
Liéu hiéu dung

Bang 3 trinh bay két qua tinh liéu hiéu dung E
theo cong thirc (2) va chi tinh cho nhitng co quan
6 sai sb tuong ddi dudi 5%, mot s s6 lidu tinh
toan liéu co quan & ving niang lugng thip c6 sai sb
16n khong dua vao tinh toan liéu hiéu dung E. Mic
du véy, ching cing khong lam anh huong dén két
qua tinh lidu tuong duong vi lidu co quan & vung
ning luong thap nho hon nhiéu bac so véi lidu co
quan & vung nang lugng cao, su dong gop cua
chung vao liéu twong duong E 1a khong déng ké.
Chinh vi vay sai sb cac két qua trong Bang 3 va
Bang 4 cua cong trinh nay 1a nho hon 5 %.

Bang 3. Lidu hiéu dung E ctia phantom MIRD-5
nguoi trudng thanh (Sv/Bq.s.m™)

< Liéu hi¢u dung E
Ning ] K& qua
lwong Keét qua trong
(MeV) bao céo trong
FGR-12
0,010 7,09E-23 1,08E-22
0,015 1,13E-21 1,67E-21
0,020 5,92E-21 8,60E-21
0,030 4,27E-20 5,28E-20
0,050 3,08E-19 3,25E-19
0,070 8,08E-19 8,20E-19
0,100 1,71E-18 1,74E-18
0,200 4,83E-18 4,94E-18
0,500 1,43E-17 1,46E-17
1,000 3,12E-17 3,18E-17
2,000 6,86E-17 7,02E-17
5,000 1,81E-16 1,88E-16

Lidu twong duong trong tinh toan st dung
chuwong trinh MCNP ciing dugc so sanh véi két
qua tinh toan trong FGR-12 cua Keith F.
Eckerman va Jeffrey C. Ryman [5]. Trong cong
trinh cua F. Eckerman va Jeffrey C.Ryman dung
phuong phap Monte Carlo va phuong phap tung
d6 gian doan dé giai phuong trinh van chuyén cia
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photon don nang; trong d6 chia lam hai budc: (1)
tinh toan truong bic xa dép 1én mot hinh tru bao
quanh phantom va (2) tinh toan lidu co quan do
nguon twong duong dap 1én hinh tru nay Uu diém
cia phuong phap F. Eckerman va Jeffrey C.
Ryman la tranh dugc nhitng kho khan trong tinh
toan ma nhimg nghién ctru trudce day gap phai. Tuy
nhién, phuong phap ndy ciing ¢6 han ché 1a nguén
bé mat hinh try chi la gan ding so voi ngudn thyc.

Bang 3 cho thdy két qua liéu hiéu dung trong
cong trinh nay va trong cong trinh cua F.
Eckerman va cong su & vung nang luong trén 50
keV khic nhau chi dudi 5 %. Tuy nhién, két qua
trong bao cao hau hét thip hon so voi cong trinh
ctia F. Eckerman trong tit ca cac ving nang lugng.

Nguyén nhén cua sy khic nhau trong két qua
tinh lidu giita cong trinh nay va cong trinh cua F.
Eckerman va cong su co thé 1a do su khéc nhau vé
phuong phap tinh toan. Trong bdo cdo nay,
phantom dugc dit trong ving ngudn ban v han va
tinh lidu truc tiép tir thé tich ngudn thuc, con trong
F. Eckerman va cong sy da st dung phuong phép
ding ngudn hinh try twong duong voi ving nguon
ban v6 han bao quanh phantom, sau do tinh lidu co
quan gy ra boi nguon mat hinh tru nay.
Heé so chuyen ddi liéu hiéu dung

Hé s6 chuyén d6i lieu hiéu dung 1a thwong sb
cia lidu hiéu hiéu dung voi kerma khong khi
E/Kair ¢6 don vi 1a Gy/Gy hodc Sv/Gy. Hé s6 nay
dugc tinh cho cic ngudn don ning. Két qua tinh
dugc dua ra trong Bang 4 va Hinh 2. Cling nhu
lidu hiéu dung thi hé s6 chuyén dbi liéu trong cong
trinh nay va trong cong trinh F. Eckerman va cong
su khac nhau dudi 5% trong vung nang lugng trén
50 keV va két qua trong bao cao ciing thdp hon
trong tat ca cac vung nang lugng.

Bang 4. H¢ s6 chuyén doi licu hiéu dung E/Kjir cia phantom
MIRD-5 nguoi truong thanh (Sv/Gy)

H¢ s chuyén d6i lidu E/Kyr
Ning
Keét qua Keét qua
lwgng
trong bao trong FGR-
(MeV)
cao 12[5]
0,010 0,002 0,003
0,015 0,011 0,016
0,020 0,035 0,050
0,030 0,136 0,168
0,050 0,425 0,449
0,070 0,603 0,612
0,100 0,676 0,688
0,200 0,676 0,692
0,500 0,665 0,679
1,000 0,686 0,699
2,000 0,735 0,752
5,000 0,790 0,821
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Hinh 2. Hé s6 chuyén déi lidu hidu dung E/Kai cia phantom

MIRD-5 nguoi trudng thanh

5 KET LUAN

Chwong trinh MCNP di duoc st dung dé tinh
lidu co quan va lidu hiéu dung tir nguén ban v6 han
dang hudng trong dat ddi voi cac ngudn photon
don ning tir 0,01 MeV dén 5 MeV cho phantom
MIRD-5 nguoi truong thanh.

Céc két qua liéu hiéu dung ddi voi ngudi trudng
thanh ciing dugc so sanh voi két qua trong cong
trinh cua F. Eckerman va cong sy (FGR-12). Tur sy
so sanh cho thdy cac két qua trong cong trinh nay
1a phu hop véi két qua cua F. Eckerman véi sy
khac nhau dudi 5%. Tu s liéu tinh toan lidu hiéu
dung dbi véi ngudn photon don ning co thé tinh
toan lidu hidu dung cho cic dong vi da ning nhidm
bén trong dit bang phwong phap nodi suy. Cac két
qua ndy s& duoc trinh bay trong cac bao céo tiép
theo.
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Béng 2. Liéu cac co quan ctia phantom MIRD-5 ngudi trudng thanh

tai 12 mirc nang luong tir 10 keV dén 5 MeV (Gy/Bq.s.m™)
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5 MeV

2 MeV

1 MeV

0,5 MeV

Co quan 0,2 MeV (10%) | 0,1 MeV (108
(1016) (1017) (1017) (1017)

, 1,70(4,3) 5,91(3,8) 2,78(2,4) 1,27(4,2)

Tuyén thuong than 3,96(1,9) 1,45(5,3)
. 1,99(0,4) 7,80(0,4) 3,97(0,3) 2,27(0,3)

Bé mat xuong 12,46(0,4) 6,77(0,4)
1,84(1,2) 7,06(1,1) 3,17(0,7) 1,44(0,7)

Nao 4,76(1) 1,66(1,8)
i 1,98(1,8) 7,83(1,5) 3,62(0,9) 1,68(0,8)

Vu 5,96(1,5) 2,11(1.8)
1,60(2,4) 5,87(2) 2,61(1,2) 1,14(1,2)

Thuc quan 3,86(2,4) 1,25(1,9)
1,74(1,4) 6,27(1,2) 2,90(1) 1,29(0,6)

Thanh bao tir 4,41(0,8) 1,57(1)

1,70(3) 5,99(1) 2,71(0,8) 1,21(0,7)

Thanh rudt non 4,03(1) 1,35(1,2)
1,72(2,1) 6,42(1,8) 2,74(1) 1,28(2,2)

Rudt gia trén 4,24(1,1) 1,64(5,4)
] ) 1,72(2) 6,53(1,8) 2,81(1,1) 1,29(1,7)

Rudt gia dudi 4,23(1,8) 1,42(1,7)
2,75(2,2) 10,11(1,7) 4,36(1) 1,99(1,1)
Thi mat 6,74(1,2) 2,23(1,7)
. 1,70(1,5) 6,38(1,4) 2,91(1,3) 1,27(0,8)

Tim 4,36(1,2) 1,47(4,2)
1,78(2,3) 6,44(1,6) 2,95(0.9) 1,32(1,2)

Than 4,67(2,6) 1,59(1,4)
1,73(1,1) 6,42(1) 2,89(0,6) 1,32(0,6)

Gan 4,54(0,9) 1,60(2,9)
. 1,86(0,9) 7,02(1) 3,21(0,7) 1,45(0,5)

Phoi 4,99(0,6) 1,78(0,9)
1,92(0,4) 7,32(0,3) 3,36(0,2) 1,54(0,2)

Co 5,29(0,3) 1,85(0,5)
s 1,53(4,9) 5,90(4,2) 2,69(2,9) 1,20(2,7)

Buong trimg 3,77(3,5) 1,26(2,8)
. 1,57(2,7) 5,76(2,2) 2,60(2) 1,10(1,2)

Tuyén tuy 3,64(1,3) 1,24(1,6)
1,89(0,5) 7,14(0,4) 3,20(0,2) 1,45(0,2)

Tuy xuong 4,69(0,4) 1,49(0,4)
1,59(0,4) 6,30(0,3) 2,98(0,2) 1,40(0,3)

Da 4,89(0,7) 1,71(0,3)
o 1,74(2,5) 6,72(2,8) 3,09(3,7) 1,32(1,1)

L4 lach 4,56(2,7) 1,60(2,1)

. . 1,89(4,4) 7,46(3,4) 3,47(4,2) 1,62(2,3)

Tinh hoan 5,59(2,3) 2,07(3)
, 1,87(5,9) 6,74(3,6) 3,01(2,2) 1,36(1,9)
Tuyén uc 4,69(2,1) 1,61(2,7)
. 2,54(3,3) 9,81(2,7) 4,61(2,1) 2,25(4)
Tuyén giap 7,21(3,2) 2,54(1,6)

. 1,77(2) 6,46(1,6) 2,78(0,9) 1,34(2,7)

Bang quang 4,34(1) 1,47(2)
1,71(2,9) 6,21(1,8) 2,83(1,2) 1,29(1,2)

Tir cung 4,28(1,5) 1,54(1,5)
Tthugng than 5,94(4,1) 2,20(6,7) 1,94(7,1) 3,81-22(12) 1,05-24(65) 9,92-24(0,8)
Bé mat xuong 40,3(0,5) 10,8(0,4) 24,5(0,3) 2,18-20(0,3) 2,04-21(0,3) -

Nao 7,54(1,4) 2,66(1,4) 1,76(1,9) 1,83-22(4) 2,56-25(22) 1,81-22(0,8)
Vi 10,5(1,1) 4,87(1,3) 12,6(1,1) 2,87-20(0,7) 6,07-21(0,7) -
Thyue quan 5,34(2,2) 1,58(2,5) 0,65(9,2) 2,38-23(23) 2,16-26(68) -
Thanh bao tir 7,34(1,6) 2,62(1,3) 2,61(1,9) 1,05-21(2,5) 1,92-23(7,6) -
Thanh rudt non 5,93(1) 1,93(1,2) 1,20(1,6) 1,99-22(3,2) 8,14-25(14) -
Rudt gia trén 6,64(1,5) 2,28(1,7) 1,74(3,5) 3,70-22(6) 7,72-25(24) -
Rudt gia dudi 6,19(1,2) 2,15(2,3) 1,31(4,1) 1,53-22(6,8) 5,12-25(45) -

Tai mét 9,97(2,1) 3,28(2,4) 1,98(3,1) 2,59E-22(9) 3,46-25(43) 2,91-27(57)
Tim 6,75(1,5) 2,48(1,8) 1,94(1,7) 6,85-22(3,2) 1,89-23(5,5) -
Than 7,49(1,3) 2,87(1,3) 3,99(1,6) 2,68-21(2) 6,73-23(4,6) -
Gan 7,45(0,9) 2,75(1,1) 2,76(1,1) 1,10-21(1,4) 1,95-23(4) 1,67-23(20)
Phoi 8,54(1,5) 3,28(0,8) 3,46(1) 1,34-21(1,5) 2,56-23(3,4) -
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Co
Budng trimg
Tuyén tuy
Tuy xuong
Da
L4 lach
Tinh hoan
Tuyén trc
Tuyén giap
Bang quang

Tt cung

8,94(0,3)
5,68(5,4)
5,54(2,7)
6,63(0,4)
8,76(0,3)
7,33(2,6)
10,3(3,4)
7,70(2,5)
12,9(2,5)
6,92(1,4)
7,08(1,9)

3,75(0,2)
1,74(4.6)
1,743)
2,38(0,4)
418(0,3)
2,76(2,6)
4,35(2,6)
3,15(3,2)
5,18(2,3)
5.27(2)
2,76(2)

717(0,2)
0,70(9,5)
079(4,2)
2,74(0,3)
13,5(0,2)
2,59(3,5)
10,4(2,6)
3,98(5.2)
9,32(2,8)
2,61(2)
5,13(2,6)

1,37-20(0,1)
2,07-23(35)
3,40-23(20)
2,52-21(0,3)
5,58-20(0,1)
7,78-22(5,1)
2,15-20(2)
2,34-21(5,5)
1,35-20(2,3)
1,23-21(3,4)
1,23-20(9)

3,07-21(0,1)
2,54-22(0,3)
2,64-20(0,1)
5,89-24(17)
3,85-21(2,2)
5,93-23(14)
1,73-21(2,8)
2,04-23(8)
3,66-21(0,4)

89

1,39-24(0,8)
5,3-21(0,04)

6,48-23(4,7)

1,15-23(12)

2,52-22(0,4)

(*) Gia tri trong ngodc don 1 sai s6 tuong ddi
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Abstract — Organ and effective doses of adult for  source energies from 0.01 MeV to 5 MeV. The
external exposure to photons uniformly distributed  effective dose coefficients in this calculation using
in soil were calculated using a MIRD-5 type MCNP code were compared to the calculated
phantom and MCNP code. The calculations were  results in report of Keith F. Eckerman va Jeffrey
performed for mono-energic photon sources with  C. Ryman.

Index Terms — Organ dose, effective dose, conversion coefficient, mird-5 phantom, mcnp code



