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Tém tat: Dé phuc vu qué trinh cong nghiép hoa, hién dai hoa dat nuéc, nhiéu mo khoang san di va dang
dugce day manh cong tac thim do, khai thac phuc vu phat trién kinh té - xa hoi, trong do6 c6 mo khoang
san chtra phong xa. Khi qua trinh tham do, khai thac duge thye hién nhat thiét pha1 cO su tac dong cua cac
yéu té nhan tao lam dao 16n céac tang dat d4, pha vo thé nam ty nhién cta cac than quang, g1a tang qua
trinh phét tan, rira trdi... 1am cho qua trinh phat tan cac chat phong xa vao méi truong ngdy cang manh
mé va phtc tap.

Nghién ciru mo hinh 1y thuyét va khao sat thuc nghiém di 1am sang to phat tan nhan  phong xa phat
blrc xa gamma , khi phong xa radon, thoron trén than quing dat hiém chtra phong xa. Két qua khao sat
trén than quing dat hiém gay ra gla tri sut liéu chiéu xa gamma co blen d6 0,6 + 7,7 uSv/h, noéng do
radon c6 bién do (30+45).10°Bg/m’, ndng do6 thoron bién do (45+70).10°Bg/m’.

T khéa: radon, thoron, birc xa gamma, phong xa, dat hiém, phat tan, méi truong

1. MO PAU INTRODUCTION (Times New Roman 12 point, bold, and aligned left)

Nude ta c6 ngudn tai nguyén khoang san phong phu, trong d6 c6 cic mé quing phong xa
(urani trong cat két, than Triing Nong Son) va nhiéu loai khoang san chira chat phong xa (sa
khoang, dat hiém Nam Xe, bong Pao, Muong Hum, déng Sin Quyén, urani phét phat Binh
Puong).

Nuéce ta thudc mién nhiét d6i khi hau nong 4m mua nhiéu, 16p dat d4 bé mat chiu tac dong
phong hod xam thuc manh mé. Do Vé.y da phan cac mo quing ndi chung va cac mé quing phong
xa néi riéng thudc dang quing “an”, cac than quing thudng bi chén vii dudi ting phu bo roi.

Tai nhiéu ving cia nudc ta nhlr Lai Chau, Lao Cai, Yén Bai c6 cac mé dat hiém véi trir
lwong 16n thudc loai moé trung binh va 16n trén Thé Gidi. Trong quing dat hiém cé chira cac chat
phong xa Th, U day 1a nguyén nhan giy ra di thuong suat lidu birc xa gamma, khi phong xa cao
trong khu vue [1].

Ban than cac mo quéng khoéng san c¢6 ham lugng ph(’)ng xa cao da gay ra cac di thuong
phong xa VO’l gia tri suat liéu buc xa hang chuc pSv/h, nong dg khi phong xa hang tram, hang
nghin Bg/m’ tai khu vuc chung ton tai. Khi tham do, khai thac, ngudi ta tién hanh khoan, dao
hao, 10, m& cac khai truong... lam cho dat phu, tham thuc vat dugc boc tach, quing bi dao béi,
thu gom, 1am giau. T4t ca nhitng hoat dong d6 1am gia ting truong birc xa ty nhién (lam ting
cuong d6 buc xa gamma, nong d6 khi phong xa...) tai mo va lam phat tin ham luong cac chét
phong xa ra moi truong xung quanh gay tac dong c6 hai té1 moi truong va suc khoe con nguoi.

Trong ndi dung cua bai bao, tac gia trinh bay két qua nghién ctru qua trinh phat tan nhan
phong xa phat birc xa gamma, khi phong xa tir than quéng dat hiém chira phong xa dén moi
truong va dé xuat giai phap phong ngira giam thiéu.

2. CO CHE PHAT TAN KHI PHONG XA PEN MOI TRUONG TU THAN QUANG PAT
HIEM

Quang gét hiém C}ia ny:('yc ta thuong c6 dang t}'J.i, dang é, dang mach hodc dang thau kinh.
Ham lugng tong oxyt dat hiém TR,O; tor mot vai phan tram dén trén 30%, trung binh 10%. Ham
luong thori trong dat hiém vo phong hoa la 0,0199% dén 0,0441%ThO,, trong dat hiém quédng
goc 1a 0,0087% den 0,0204% ThO,, ham lugng urani trong dat hiém tir 0,001% dén 0,023%U;04
[1].

Mo hinh than quéng c6 bé rong hang chuc met, chi€u dai to1 hang tram met, chiéu day
trung binh 3-4m, cuc dai t61 7m c6 thé coi nhu la 16p quang nam ngang kéo dai vo han.


mailto:%20dungnvhumg@gmail.com

INSTRUCTION FOR PREPARING FULL TEXT
FOR VIETNAM CONFERENCE ON NUCLEAR SCIENCE AND TECHNOLOGY (VINANST-13)

Sau day ching ta tinh toan sy phan b ndng do khi phéng xa trong mdi trudng 2 16p: ndm
ngang vo han, 16p thi hai 13 16p quing phong xa nam phia dudi véi cac tham sb: ham lugng chat
phong xa qp, né)ng do khi phong xa N,, mat do p», h¢ s6 16 rong My, hé s6 khuéch tan D», ag, -
lwong eman tu do thoat vao lem® dé trong 1 gidy, (Bg/cm’.s), hé sé eman hoa Ke,. Lép thtr nhat
13 16p phii ndm & phia trén c6 chiéu day h va cac tham s6 Ny, py, n1, D1, Ke; (hinh 1).

@ 71

h N1, M. 2
N min DKo
AL ot
\ E Q2 ¥ dz
E 4

Q2. N2, Mz, p2. Qo2. D2, Keo
Hinh 1. M6 hinh phan bd néng d6 khi phong xa trong 16p quing
Nong d6 khi phong xa N trong mdi truong c6 do 16 rdng m bién doi chi theo hudng truc z.
Phuong trinh vi phan cén bang luong khi phong xa trong 16p dx c6 dang sau:

%(NnSdz) =0, -0, +a,Sdz—-ANnSdz, (1)
trong do: dong khi phong xa di qua dién tich S cta 16p dz

Q =DSdN/dz +vNnS (2)

ap= NuA = Keqpr.3,7.10". 3)

Su phan bd ndng d khi phong xa theo chiéu sau lay mau z dugc xac dinh bang cach giai
phuong trinh vi phan (1) [4].
2.1. Nong d¢ khi phéng xa trong dit phi (16p thir nhat khi z<h)
N, (h =) = Nyt S4mz)
Z<h sh(n,h)
2.2. Nong d khi phéng xa trong 16p quiing (16p thir hai z>h)

—(ny+my)(z—h)

(4)

Ny(2) =N, [1-
z>h 1+

1, )

D,(n, + m,)

Dy [(cth(nh) - 1]

n,

1
. D, (ny +m,) o
Np nong do khi phong xa tai ranh gidi 16p thir nhat va 16p thur 2.

2D1' i
Khi h—>0o0 cong thirc (4) ¢6 dang:
N,(h—z)= Ny """ (6)
Néu goi r = h - z 1a khodng cach ma ndng do khi phong xa giam tir gié tri No t0i gid tri Niin
(gia tri cyc tiéu ma thiét bi khi phong xa c6 thé xac dinh dugec mot cach tin cay) thi ta xac dinh
duoc:

trong do: N, =N,
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N, 1
r=231lg—2 , (7)
N \/ LARCIN A v
, , 2D D 2D
trong do: v - toc d§ doi luu cua khi phong xa,

D" - hé sb khuéch tan biéu kién D" = D/m.
Cong thirc (7) ding dé danh gia d6 séu cua phuong phap khi phong xa.
Céc tinh toan 1y thuyét chi ra rang sy lan truyén cua radon ttr ngudn 1én mat dat va do siu
ctia phuong phép khi phong xa phu thudc vao cac tham s D” va v.
Céc két qua tinh toan su phan bd néng do radon trén cac than quing c6 hinh dang khéc
nhau (hinh 2) chi rd, sy giam gia tri ndng d6 khi di xa khoi ngudn chu yéu phu thude vao hé sb
khuéch tan D* ma it phu thudc vao dang than quing, néu nhu bé day 16p phu khong vuot qua

duong kinh than quang [4].
z'=r-rpm -
- N
34 No

r-1p

02 04 06 08 10
Hinh 2. Sy phan bd néng dd Rn trén cac than quing hinh dang khéac nhau
1- Lop quéang vo han
2- Than quing c6 dang tru nim ngang
3- Than quing c6 dang qua cu
Do ¢6 chu ky béan rd ngan (T, = 54,5 gidy), do sau cta phuong phép khi phong xa dbi véi
thoron chi khoang 2-4cm. C6 nghia 1 d6 sau cua phuong phéap thoron tuwong tmg véi do sau ldy
mau khi [4].
2.3. Nong @9 khi phéng xa trong méi truwong khong khi
Tir md hinh cac 16p quang va dat phii nhu ¢ hinh 1, ¢6 thé tinh duoc nong do khi phong xa
trong khong khi trén mat dat Ny,(0) va & d6 cao H cach mit dat Ny, (H).

*

D
N, (0)=N_n a1 (8)
N, (H)=N,, (O)e_ﬁH : )

trong d6: A- hé s6 khudy dong khi tai mat dat co gia tri 10°cm?/s con khi H = 30-50m thi A=10"-
10°cm?/s.

Bing 1y thuyét va thuc nghiém co thé xac dinh duoc ndng do radon trong khong khi sat
mat dat hang nghin 1dn nho hon gié tri cta n6 N, ctia n6 trong mdi truong dat d. Khi khong co
gié thi ndng do radon trong khi quyén giam cham theo do cao; con ndng d6 thoron giam rat
nhanh va hoan toan triét tiéu ¢ khoang cach khong qua 10cm cach mat dat [1,2,3.4].



INSTRUCTION FOR PREPARING FULL TEXT
FOR VIETNAM CONFERENCE ON NUCLEAR SCIENCE AND TECHNOLOGY (VINANST-13)

CcHi DAN =

=T
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Hinh 3. Sy phan bd néng d6 khi phong xa trén mo dat hiém Dong Pao

3. PAC PIEM PHAT TAN BUC XA GAMMA PEN MOI TRUONG TU THAN QUANG
PAT HIEM
Trong qua trinh tham do, khai thac quing dat hiém phai thyc hién cc cong tac khoan, khai

dao, lam duong... Tt ca cac qua trinh d6 déu gay ra su dao 16n cac tang dat da bé mit, lam gia
tang sy phat 1o than quang, 1am cho truong birc xa gamma tir thdn quang dé dang phat tan vao
moi trudng. D6i véi truong birc xa gamma ¢ 2 co ché phat tan chinh gém:
- Birc xa gamma c6 kha ning dam xuyén 16n, vi vy & mdi cong trinh, mdi khu vuc dao

hao, vét via tré thanh mdot nguén phong xa 10 trén bé mat, truong blirc xa gamma dé dang xuyén
trong moi truong khong khi tic dong xa ngudn phat sinh ra no.
- Qua trinh dao hao, vét via, khoan, s& dua 1én trén bé mit mot luong 16n cac dat da co

chira quang phong xa, cac chat phong xa nay mot mit hoa tan theo cac dong nudc, mot mit di
chuyén co hoc theo cac diéu kién dia hinh di xa vi tri ban dau, gay 6 nhiém rong & nhidu noi.
Pé thay duoc mirc do phan bd ciia birc xa gamma trong mdi truong ciing nhu kha nang anh
huéng cua buc xa gamma dén timg vi tri khac nhau trong méi truong khong khi. Duéi day tinh
toan 1y thuyét birc xa gamma trén mo hinh khdi quing dat hiém c6 ham luong urani trung binh 13
0,01% U;Og ddc trung [5,6,7,8]. Than quang phong xa trong truong hop nay dugc xem nhu than
quing nam ngang, kich thudc hitu han. Cuong do birc xa gamma gay ra trén than quing tai ting
vi trf so v&i ranh gidi than quang dugc tinh todn nhu sau:
Ngudn phat btrc xa gamma & diy dugc coi 1a ngudn c6 dang hinh dia hiru han ban kinh 1a

R 16 ngay trén mat dat. Moi truong xac dinh cudng do blrc xa gamma 1a méi truong khong khi
(hinh 4).
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Hinh 4. Truong bic xa gamma ctia ngudn kich thude hiru han
Cuodng d6 buc xa gamma do nguén 10 ra trén mat dit kich thude hitu han, ban kinh r duoc
tinh nhu sau: Xét cudng do birc xa gamma ctia yéu td ngudn, khéi luong dm c6 thé tich dV nam
trong dia phong xa. Cudng do ngudn yéu té dI duoc tinh nhu sau:

d] — Kd_Te—ﬂl("_Vk)—#kVA — KQpe_ﬂl("_’k)—ﬂk”k .Sin l//dy/drd¢ (8)
7

Tinh tich phdn theo thé tich dia hitu han:
bat: 1= Hsecy
r; = (H+1)secy.

210r, Yo p 27ZKQ Vo Vo
I=KQp ” Ie’”‘(”"”’”k Ysiny.dy.drde = P J-e’”‘HS“”’ .sin l//d!//._l.e’[”’””*ms“”’ sin wdy » ©)
0r, 0 /11 0 0
Vo ) N
J- e Y sin y.dy duoc biéu dién qua ham KinO(x).
0
Gia tri ham Kin cho san [4].
Yo
je‘““"’.sin y.dy =®(x)—cosy,D(xsecy,). (10)
0
Trong do:
/2 )
Dd(x) = I e snydy =e - xJ.e*“ u” . du (u=x.secy). (11)
0 X

Két qua tinh dugc:
_ 2mKO0p I 1 m (12)
I= {®(u H) -cosy, D(p Hsecy ) - P(uy1+ p H) + cosy, D[( 1,1+ p H)see y 1}

H

H
VR*+H’®
Ta hdy xét cac truong hop riéng ctia cong thirc (12) néu trén:
3.1. Khong gian birc xa ban vo han, phép do cwong dd thye hién tai sat mat dat
Khi d6 ta co:
1 > o0; R— o0; yo »>n/2; H—>0
Yo —>7/2; R—>ow; 1—>00; H—0
Khi d6 cosyo— 0; @ (wH) - ;
O(utH) - 0
2KOp (13)

Hy

Trong do: Cosy, =

Taco: [1,.(0)=
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bay 1a cong thire chung dé tinh sut liéu blrc xa gamma ngay trén bé mit than quing kéo
dai v6 han, chiéu day du dé bao hoa tia gamma.
3.2. Khi phép do cwong d§ dwoc thue hién ¢ vi tri H

1(1y = 2229L oy, 1) = 1, (0). 0, 1) (14)

Hy
Day 1a cong thirc dé tinh suat lidu gamma trong mdi truong khong khi.
Trong cac cong thirc néu trén:
I - Suét lidu btrc xa gamma (hay con goi 1a cuong d6 gamma, uR/h);
K - 13 hing sb buc xa gamma; Kg,=9,1.10°; Ky = 3,15.10%; K, = 1,35.10° (don vi ctia K
1a uR/h.cm?/g);
Q - 1a ham luong cua ddng vi phong xa tinh 13 g/g da;
p - la mat do nguén, g/cm3 ;
1 - 12 hé s6 lam yéu cia birc xa gamma,cm™. Hé sb 1am yéu p phu thudc vao méi trudng.
Bang 1 néu hé s lam yéu cudng do birc xa gamma ctia ngudn thé tich theo tai liéu thuc nghiém
[9,10].
Bang 1. Hé s lam yéu cudng do gamma ctia nguon thé tich

~ )
Loai Kiéu do Detector ghi cudng n;ggulir;i o . Py = Wp, c/g
quéng d6 gamma (Ig) (MeV) batda Nudc Khong khi
Tich phan CU-19T" - 0,037 i -
Nal(TI) 0,035 0,028 0,025
Quang 1,05-1,35 0,034 - -
urani R 1,35-1,55 0,034 0,036 0,032
Vi phan Nal (Tl) 165185 | 0034 | 0037 0,033
2,05-2,65 0,035 0,038 0,034
Tich phén CU-19I" - 0,034 - -
Nal(TI) 0,035 0,021 0,024 0,022
Quang 1,05-1,35 0,032 - -
th(.)ri 1,35-1,55 0,032 0,032 0,029
Vi phan Nal(TI) 1,65-1.85 | 0,033 0,034 0,030
2,052,65 | 0,035 0,035 0,031
2,4-2.8 0,037 0,037 0,033

Tir cong thirc (13) va (14) néu trén, dé thay dugc sy suy giam suat liéu gamma ¢ cac Vi tri
khac nhau trong moéi truong khong khi. Tinh gia tri suét liéu gamma trén khoi dat d4 chira quing
nhu sau: Thiét bi sir dung dé do suét licu gamma 14 thiét bi c6 detector loai tinh thé Nal(T1), quy
mo ctia khdi dat d4 chira quang nhu da néu ¢ phén trén, tirc da di bao hoa tia gamma. Ta tinh
sut liéu gamma do khdi dat d4 chira quing dat hiém chia urani gay ra tai cac vi tri khac nhau so
v6i ranh gi6i than quing. Hé sb lam yéu khdi ciia suat liéu gamma trong dat d4 ddi véi quang
chtra U 1ay bang 0,028; Hé sb 1am yéu khéi cua suat liu gamma trong khong khi ddi véi quing
chta U lay bang 0,025 (theo bang h¢ sd thyc nghiém néu trén cho loai tinh thé Nal (T1) déi véi
quang chua U), mat do dat da trong than quang 1a 2 Zg/cm va mat do6 khong khi lay Ia
0 03g/cm Cac gia tri ham Kin dugc liy trong bang tra san trong gio trinh tham do phong xa
[4]. Két qua tinh suat liéu birc xa gamma tai cac vi tri khac nhau trong méi trudng khong khi ddi
v6i khéi dat da dugc dua ra ¢ hinh 5.
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Ty 1€ burc xa gamma(%

D6 thi suy giam birc xa gamma trén thin quing dt hiém chira phéng xa
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Hinh 5. D4 thi suy giam suét liéu birc xa gamma trén than quing dat hiém chira phong xa

Tir d6 thi hinh 5 cho thdy: Véi than quing ham luong tuong dwong 0,01% UsOg thi ching
gdy ra sudt lidu gamma trén mat dat 52uR/h. O cach 1m, suét lidu gamma con khoang 40puR/h
(giam 23% so v&i mat dat). O cach ranh gidi than quing 25m, suét liéu gamma con lai khoang
1,3uR/h (chiém 2,5% ty 1é birc xa so voi ranh gidi than quing). Khi ¢ cach xa ranh giéi than

quang 33m, suét

lidu gamma con ~ 1pR/h (0,01uSv/h) nam trong khoang do nhay ctia cac thiét

bi do liéu hién tai. Noi cach khac, véi nhting than quang c6 ham lugng Us;O0g & muc 0,01% thi
mirc d6 anh hudng suat lidu gamma trong méi trudng khong khi do ching giy ra & khoang cach
t6i thiéu dén 30m, tc 14 mic do anh hudng cta ngudn dit da chira quing tir cic cong trinh hao
dua 1én khoang 50uR/h (twong duwong mirc lidu chiéu ngoai khoang 5SmSv/nim), ¢ xa khu vuc

khéi dat da chia

quing 30m, suét liéu con anh huong khong dang ké (0,1mSv/ndm). Véi cac than

quang ham luong phéng xa l6n hon kha nang anh hudng s€ 16n hon, tuy nhién & xa than quang
khoang 50m, murc &nh hudng nay coi nhu khong dang ké nira.

RnBa/m)  uSv/n

400

16

1.4

350
300

12

250

——— Sust liéu gamma
1.0

200

NGng d6 Radon

08

150
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100+

04

50

02

0

T T T T T T T T T T T T T T T T T T T
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CHIDAN 7z i i i
/'E {t hi&m - pho D4 phién sét - silic, d& phién silic, cat k&t
P Thén quéng dat hiEm - phéng xa M P P

b ai ar oA P . . . Syenit, granosyenit, granit biotit
Da vbi, da vdi hat nhd mau xam, xam sang diorit va granodiorit

Hinh 6. Su phan bd suét liéu gamma va khi radon trén than quing dat hiém
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4. KET QUA NGHIEN CUU

ba nghién clru duge co ché, mirc d6 phat tan nhan phong xa phat birc xa gamma va khi
phong xa dén moéi truong do qua trinh tham do, khai thac quing dat hiém chira phong xa. Xay
dung duge mo hinh tinh toan 1y thuyét co ché phat tan birc xa gamma va khi phong xa cua kh01
quing dat hiém trén co so lwa chon cac tham sb dic trung, phu hop véi cac diéu kién thuc té
cong tac thim do, khai thac quang dat hiém chira phong xa. Két qua nghién ctru rat ra cac nhan
xét sau:

- Truong blrc xa gamma phat ra tir khdi dat da chira quing phong xa c6 kha niang dam
xuyén trong méi trudng khong khi dén vai chuc mét (phu thudc vao ham luong quing). Trén
than quing chtra phong xa cudng dd birc xa gamma phu thudc vao ham luong cac chit phong xa
va vat liéu che chan chung.

- Khi thyc hién cac cong tac dao hao, vét via hay tiép xtic truc tiép v6i cac than quang chira
phong xa ham luong cao can ap dung cac bién phap giam thiéu bang bién phap che chin hoic
tranh tlep xuc truc tiép voi ngudn (than quing).

- Péi voi cac than quang dat ham luong cong nghiép can ap dung ché d6 lam viéc hop ly
d6i v6i cong nhan truc tiép thi cong cac cong trinh khai ddo va can bo k¥ thuat khi thu thap sb
lidu.

- Do thoi gian song dai, nén khi radon c¢6 kha ning lan truyén xa trong mdi trudng khong
khi va la déi tugng gdy ra liéu chiéu trong anh huong t61 ste khoe con nguoi va méi truong.

- Béi Vo1 cac can b thi cong cac cong trinh can dac biét luu y dén viéc chiéu xa gy bai
khi radon, can phai c6 cac do dac thuc té dé dua ra nhitng khuyén céo cu thé trong ting truong
hop.

- Trude khi xudng cac cong trinh hao, 16 cin c6 cac bién phap thong gioé dé lam giam nong
do radon trong cac cong trinh.

5. KET LUAN

Bai bao dd néu co ché phat tan blric xa gamma va khi phong xa ra mdi trudng trong hoat
dong tham do, khai thac khodng san chira phong xa.

Déi v6i phurong thire phat tan ciia cac nhan phong xa phat birc xa gamma trong méi truong
khong khi cia cac khéi dat da chira quing phong xa dua 1én tir cac cong trinh khai dao c6 kha
ning anh hudng trong vong ban kinh < 50m (theo mo hinh tinh toén), cang gan ngudn thi mirc
d6 va kha nang anh hudng cang 16n, nhit 13 & nhitng khu vuc than quing c6 ham luong dat gia
tri cong nghiép (> 0,05%U30g).

Vi két qua tinh toan 1y thuyét sy suy giam cta khi phong xa trong mi truong khong khi
da cho thiy: nong d6 radon giam cham trong méi truong khong khi, mat khac do chu ky ban ra
dai, khi radon khi thoat vao méi truong khong khi thudng ton tai trong mot thoi gian dai va di
chuyén rat xa ngudn, nhét 1a nhitng thung liing dia hinh va gié thoi theo nhimng chiéu c¢d dinh.
Khi thoron khi thoat vao méi trudng giam rat nhanh, thong thuong rét it gip ¢ do cao vai mét,
mit khac chu ky ban rd ngan (54,5s) nén ton tai khong lau trong méi truong va di chuyén khong
xa khu vuce phat nguodn.
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STUDYING THE PROCESS OF DISPERSING GAMMA RADIATION,
RADIOACTIVE GAS (RADON, THORON) IN RARE EARTH MINES
NGUYEN VAN DUNG, DAO DINH THUAN,

Hanoi University of Mining and Geology, 18 Vien street, Duc Thang ward, North Tu Liem district, Hanoi
E-mail: dungnvhumg@gmail.com

Abstract: In order to serve the national industrialization and modernization process, many
mineral mines have been promoted and exploited to serve socio-economic development,
including mineral deposits. radiation. When the exploration and exploitation process is carried
out, it is necessary to have the impact of artificial factors to upset the rock layers, breaking the
natural position of the ore bodies, increasing the dispersion process, leaching ... makes the

process of dispersing radioactive substances into the environment more and more powerful and
complicated.

Studying theoretical models and empirical surveys shed light on the spread of
radionuclides emitting gamma radiation, radioactive radon, thoron on rare earth ore bodies
containing radioactivity. Survey results on rare earth ore bodies cause gamma radiation dose rate
with amplitude 0.6 + 7.7uSv/h, radon concentration has amplitude (30 + 45).10°Bq/m’,
concentration degree thoron amplitude (45 + 70).10°Bg/m”.

Keywords: radon, thoron, gamma radiation, radioactivity, rare earth, dispersal, environment
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