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Tém tit: Cac hang dong karst ving Cao nguyén da Pong Van dugc nguoi dan dia phuong sir
dung vao nhidu muc dich khac nhau. Hang Rdng luu trit va cung cdp nudc sinh hoat; hang Pai
Lung thu nuée va cung cAp nude cho san xuit nong nghiép theo mua; va hang Na Ludng khai thac
du lich. Nong d6 radon (***Rn va ?°Rn) dugc x4c dinh bang thiét bi cAm tay quang phd alpha
(SARAD® RTM 2200, SARAD®GmbH, CHLB Bric), trong khoang thoi gian tir thang 5/2015 dén
thang 3/2016. Thoi gian khao sat dugc phan chia thanh “mua néng” va “mua lanh” dya vao bién
d6ng nhiét d6 moi truong. Hang Rong c6 ndng do ***Rn va *’Rn cao nhét vao “mua nong” (twong
(g gia tri 5956 Bg m™ va 1081 Bqg m™) va thip nhat vao “mua lanh” (twong tng gia tri 206 Bg m™
va 74 Bg m™). Hang Pai Lung va Na Ludng c6 ndng d6 ***Rn (1873 Bg m™ va 569 Bg m™, twong
mg) va *°Rn (465 Bg m™ va 452 Bg m™, twong tmg) vao “mua néng” thip hon so véi hang Rong
do c6 sy luu thong khong khi tdt hon. D4i sanh véi tiéu chudn Viét Nam v& an toan phong xa
(TCVN 9413:2012) cho mdi trudng lam viée trong nha (mirc hanh dong **Rn > 300 Bg m™), co
thé thiy raing ndng d6 ***Rn trong hang Rdng va Pai Lung vao “muia néng” cao hon gép 6 dén 20
1An gi6i han muc hanh dong. Nong d6 **Rn trong hang Rdng “mua lanh” tuong duong v6i mure khuyén
céo cua tiéu chuén (200 Bg m™). Hién nay, tiéu chuin an toan phong xa dbi véi dong vi 2Rn (thoron)
chua dugc cong bd chinh thirc trén The gioi cling nhu & Viét Nam, nhung so v6i ndng do trung binh
thoron trong khong khi (< 10 Bg m° 7 (UNSCEAR, 1993)) thi nong do thoron trong céc hang dong ké
trén can dugc quan tim nghién ciru va canh bao rui ro vé an toan phong xa.

Tir khéa: Nong do radon, thoron, hang dong karst, phong xa, Pong Van.

1. Mé dau

Trong ty nhién, radon ton tai & dang khi, c6 3
dong vi phong xa gom “Rn, 2Rn v 21an la
cac san phim phén ra trung gian & dang khi cia
diy phong xa urani (**U), thori (**Th) va actini
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(227Ac) Khi radon va cac san phdm phan ri con,
gdm cac nguyén t poloni (Po), bismuth (Bi), tali
(T1) va chi (Pb), 1a cac thanh phan c6 tinh hoat
dong cao va co kha nang phat xa nang luong tir
qua trinh phan ri alpha. O trang thai khi, radon c6
thé phat tan vao moi truong khong khi, dé dang di
Vao co thé con ngudi qua dudng h6 hap néu duogc
tiép xac; tir 46 di vao phdi va mau ddng thoi phat
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xa nang luong phéng xa ngay bén trong co thé
nguoi, tdc dong tryc tiép dén cac mo va té bao
song. Theo thng ké cua Hiép hoi Hat nhan Thé
gioi [1], anh huong cua buc xa phong xa
radon la nguyén nhan chinh gay ra cac loai
ung thu (phdi, mau va bach huyét) va ding
hang th{r 2 sau thudc 14.

Radon c6 thé ton tai trong nhiéu vat liéu co
thanh phdn va tinh chit khac nhau, tor do
khuéch tan vao méi tru?0'ng khong khi, voi nong
dd trung binh cua *Rn dao dong tu’ 1 Bq m”
dén 100 Bg m™ va *Rn ~ 10 Bg m 7 (ddng vi
*“Rn thuong khong duge xét den trong moi
truong khong khi vi chu ky ban ra rit ngin, ~ 4
gidy) [2]. Trong cac khong gian kin, khong khi
luu thong kém, nhu ham 16 va hang dong, radon

c6 thé tap trung véi ndng do cao dén rat cao, co
kha ning gy hai cho nguoi tiép xuc [3-9].

Hién nay, nhiéu nudc trén Thé gidi di co
huéng dan canh bao phoi nhiém radon trong moi
trudong lam viéc kin, tuy nhién cho dén nay, 0 Viét
Vam chua c6 nghién ciru nao dé cap dén sy phat
xa ciing nhu canh béo vé nguy co gy hai ciia khi
radon dbi v6i nguoi lao dong va khach du lich
trong cac hang dong karst. Nghién ctru dugc thuc
hién nham xac dinh n(‘Sng d0 radon theo mua cua
mét s6 hang dong karst dang dugc sir dung cho
muc dich lao dong san xuét cla nguoi dan dia
phuong va khai thac du lich tai Cao nguyén da
Ddng Vin, nghién ciru cac yéu td anh huong den
st phan b radon va ddi sanh véi tidu chuan vé an
toan buc xa phong xa.

2. Cac hang dong Kkarst khu vire cao nguyén
da Pong Van

Cao nguyén da Pdng Vin 1a tén thudng goi
cta Cong vién dia chat toan cau Cao nguyén d4
DPong Vin, gdm toan bd 4 huyén mién nii cia
tinh Ha Giang: Quan Ba, Yén Minh, Béng Van va
Méo Vac. Noi day ndi tiéng c6 dia hinh karst
hiém tro, bi chia cit manh v6i nhiéu hé théng
hang dong va thung liing sau. Trén dién tich voi
hon 80% 1a da voi, Cao nguyén da Pdng Vin
duoc hinh thanh tir cac thanh tao dé tudi Paleozoi
va Mesozoi. Trong d6, cac thanh tao c6 tudi

Paleozoi mudn chiém vu thé, hinh thanh nén phén
16n cac hang dong, nhu cac da voi dang khdi, da
voi trimg ca phéan 16p day dén trung binh, d4 sét
voi thudc hé tang Béc Son (C-P, bs) [10; 11]
(Hinh 1).
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Hinh 1. (A) So d6 phan bd cac dién 1§ da voi chit
yéu ¢ Viét Nam [11]; (B) So dd dia chit Cao nguyén
da Pdng Vin va vi tri cac hang nghién ciru ndng do
radon (RO: hang Rdng; PL: hang Pai Lung;

NL: hang Na Luong).
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Hinh 2. Nhié¢t d6 va lugng mua trung binh theo thang
cua tinh Ha Giang giai doan 2010 - 2014 [12].

Cao nguyén d4 Pong Vin c6 diéu kién khi
hau nhiét do6i gié mua cia mién ndi cao, v6i nhiét
do trung binh ca nam khoang 21,6 - 23,9°C; téng
luong mua binh quan hang nam 2300 - 2400 mm
(tap trung chinh vao céc thang tir 5 dén 10) (Hinh
2). B 4m trung binh trong nim dao dong khong
16n, do vy ranh gioi gitta mua khd va mua mua
khong rd rét, tuy nhién do am khong khi cao
thuong tring vao cac thang c6 nhiét d6 cao, hay
con goi 1a mua “ndng”, cao nhat vao cac thang 6,
7 va 8; tuong ty, do6 am khong khi thip hon
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thuong & céc thang c6 nhiét o thép, mua “lanh”,
thap nhat vao cac thang 1, 2 va 3 [12].

Hién nay, Cao nguyén da DPong Vin cb
khoang hon 100 hang dong karst da dugc phat
hién va khao sat, 1ap so do chi tiét [13, 14]. Trong
s0 do, bén canh cac hang dong dugc ngudi dan
dia phuong str dung phuc vu cho sinh hoat va san
Xuét, nhleu hang dong da va dang duoc khai thac
phét trién du lich, tiéu biéu nhu Pong Nguyét,
hang Khd My, hang Ling Khiy va hang Ong.
Nghién ctru lwa chon 3 trong s cac hang dong da
duoc khai thdc st dung theo muc dich ké trén,
gom hang Rong, hang Pai Lung va hang Na
Ludng véi cac dic diém nhu sau:

a. Hang Réng

Hang Rong, hay con goi 1a hang “giit nuéc”,
1a noi giit nuéc dé cung cap nudc sinh hoat cho
ngudi dan dia phuong xa Sang Tung, huyén Dong
Vian. Hang dugc hinh thanh trén cac thanh tao da
vOi phan 16p mdéng, mau xdm sang hat min cua hé
ting Hong Ngai (T, An) & d6 cao ~ 1440 m so véi
muyc nudc bién; 6 hinh thai kéo dai phat trién
theo phuong 170° véi chiéu dai ~ 350m va chiéu
cao khong gian trong hang 30 - 50 m (Hinh 3(A)).
Hang Rdng 14 hang kin véi mot cira vao nhé va
cac 16i di hep. Doc theo chiéu phat trién cua hang
tinh tr ctra vao, quan sat thay 10 hoat dong dut
gdy hién dai thong qua cac dAu vét trén mit truot
durt gdy bén trai 16i di, cach ctra hang ~ 150m, va
h¢ thong cac khe nirt chay song song. Nén hang
duogc phi mot 1op tram tich hat min, chay déo vao
mua “néng” Am va kho nit né vao mua “lanh”
kho. Phia cudi hang mo rong thanh mét phong
hang rét rong c6 dién tich ~ 350 m® véi nén kha
bang phing; va phin trong cing hang bj ha thip
xudng hinh thanh mot hd chira nude co dién tich ~
150 m*. Nudc trong hd ndy dugc khai thac bang
may bom va cung cip cho ngudi dan dia phuong
sir dung quanh nam, dac biét hiru ich vao thoi
gian kho han. Theo théng tin cua Uy ban
Nhén dan xa Sang Tung, hién nay c6 4 nguoi,
chia thanh 2 nhom, lao ddng hang ngay trong

hang dé van hanh hé théng bom nuéc va bao
tri céc thiét bi di kem.

b. Hang Pai Lung

Hang Pai Ling (hoédc hang Italia) 1a hang c6
nhiém vu “thu nude” vao cac thang mua dé cung
cap cho hoat dong san xuét cuia nguoi dan dia
phuong tai cac thung [iing canh tac ¢ xa Pai Ling,
huyén Méo Vac. Hang dugc hinh thanh trén cac
da voi cua hé tang Béc Son (C-P, bs), phan bd &
d6 cao 1043 m so v6i myc nude bién, ¢6 chidu dai
~ 400m, chiéu cao khong gian trong hang ~ 5 - 50
m (Hinh 3(B)). Theo hinh dang udn luon hep,
hang c6 1 cira 16n va 1 cira nho két ndi vai 1 dong
chiy ngam karst & khu vyc. Nén hang ciing
duoc phu boi 16p tram tich twong ddi day, co
noi lén t41 0,5 m.

Khéc v6i hang Rong, nudc phuc vu san xuat
trong hang Pai Lung chi xuit hién vao mua ‘néng’
kém theo mua nhiéu. Nguoi dan dia phuong tu do
vao hang liy nuéc & ctra nho két ndi véi dong
chay ngdm khi cin thiét va khong co nguoi lam
viée ¢b dinh & trong hang.

¢. Hang Na Luong

Hang Na Luong la mét trong cac hang dugc
khai thac du lich dau tién & huyén Yén Minh.
Diém dang chu ¥ khong chi & hé théng nhii d4 va
mang da doc dao, ma trong long hang la noi tra
ngu cua hang ngan con doi, séng thanh bay tir
nhiéu ndm nay. Cira chinh ctia hang ndm & do cao
380m so voi myc nudce bién, trén suon doc 20-
30° dugc hinh thanh do hoat dong pha huy cua
dut giy kién tao phwong dong béc - tay nam
(230°), mdt trong cac dut gdy phan khdi noi bo
cu trac, tao khe hém doc song Nhiém.

Na Ludng cé khong gian trong long hang
twrong d6i rong va cao, phan trung tim c6 dién
tich ~ 1000 m* va cao dén ~100m, g@)m nhiéu ctra
vao va phan thanh cac nhanh di vao trung tam
hang (Hinh 3(C)). Hang Na Ludng ndm trong hé
thong hang dong c6 cac dong nudc karst ngdm
cta Cao nguyén da Pong Van luu théng va co
diém xuét 16 tai Na D¢, Na Ludng, noi dugc coi 1a
thuong nguodn ciia song Nhi¢m.
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Hinh 3. So dd c4c hang karst nghién ctru ndng d6 radon.

Hinh 4. Thiét bi di dong hién truong Sarad RTM® 2200 va Gasmet DX-4030 FTIR.

3. Phwong phap nghién ciru

Nghién ctru dugc thuc hién trong 3 dot thuc
dia tir thang 5/2015 dén thang 3/2016. Thoi gian
khao sat cho mdi dot tir 8 - 12 ngay, véi cac thiét
bi hién truong tir truong DPai hoc Indiana
(Hoa Ky).

a. Phuwong phdp xdc dinh nong dé radon

Nong d6 khi phong xa, khi di kém (CO,) va
mét s6 thong sé moi truong (nhiét do, ap suat va
do am,...) dugc xac dinh bang thiét bi di dong
hién trudng quang phd - alpha Sarad RTM® 2200
(CHLB brrc) (Hinh 4). Khi phéong xa radon dugc
xac dinh b;"mg thiét bi g6m d(‘Sng vi *?Rn va “Rn,
trong do n6ng dd **Rn dugc xac dinh dua vao
ham lugng cic san pham phan 13 con gdm c6
28pg va 2"Po; con néng d6 “"Rn duoc xac dinh
dua vao ham luong *'°Po va *'?Bi/*'*Po. Céc diém
do déu & do cao cach mat dat ~ 1m, va duoc do
1ap lai t&i thiéu 3 1an cho mdi chu ky do.

Khi CO, dugc kiém tra chéo bang thiét bi di
dong hién truong Gasmet DX - 4030 FTIR (Phan
Lan) (Hinh 4) v6i d§ chinh xac 1a + 30 ppmy.

b. Phuong phdp xic dinh cdc yéu t6 anh
huong

C6 nhiéu yéu t6 anh huong dén nong do khi
radon trong hang dong, nhu nguﬁ)n phat xa khi
radon [4, 15], dac dlem dia chat hang dong (dat
da cAu tao hang, nén dia chat cta hang, h¢ thong
dut gdy, khe nat) [16, 17, 18] va dic diém moi
truong hang dong (nhiét 4o, ap suat, do 4m, su luu
thong khong khi) [17, 19, 20, 21, 22]. Trong
nghién ctru ndy, do am va nhiét do trong qua trinh
khao sat cac hang dong duoc xac dinh tich hop
trong thiét bi Sarad RTM" 2200, dong thoi dugc
ddi chiéu véi nhiét ké moi truong. Sy luu théng
khong khi trong hang dong dugc biéu dién bang
tc do giod, duoc xac dinh bang may do gio dién tir
(khi toc do gi6 > 0,1 m s7) hodc bong bay can
bang duoc bom diy khi H,, tir phan tmg kim loai
calcium (Ca) tac dung véi nuée (H,0). Tram tich
phu trong cic hang dwoc xac dinh thanh phin
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khoang vit bang phuong phap nhidu xa tia X
(XRD - 5005) va thanh phin héa hoc bing
phuong phap huynh quang tia X (XRF - 1800
Shimadzu). Ham luwgng cac khodng vat trong
trAm tich duoc tinh toan theo $6 liéu cua
phuong phap XRD va XRF bang phan mém
BGMN-Rieveld [23].

4. Két qua va thao luin

a. Nong dg radon trong cdc hang

Nong d6 radon (**Rn va “’Rn) duoc xac
dinh trong cac hang Rong, Pai Ling va Na Luéng
trong khoang thoi gian tir thang 5/2015 dén thang
3/2016 duogc thé hién trén Bang 1.K.g woc xac
dinh trong ca*’Rn va *’Rn da oc x4c dinh trong
cac hang Rong, do va do am khong khi trong
hang. Thoi gian do thang 5 tuong Ung voi “mua
néng”, con thang 12 va 3 tuong ¢ hang R“mua |
th” tia I thang 12 va 3 twong ¢ hang RonVao “mua
nong”, ndbng do **Rn trung binh trong khong khi
cac hang déu cao hon 500 Bg m?, trong d6 hang
Rong co gia trj ~ 6000 Bg m™~, hang Pai Ling c6
gia tri ~ 1900 Bg m~, hang Na Ludng co gia tri ~
570 Bg m™”. Nong d6 “°Rn trung binh déu c6 gia
tri cao hon 400 Bg m”, trong d6 hang Rong c6 gié tri
~ 500 Bg m”, hang Péi Lung c6 gia tri ~ 470 Bg m”
va hang Na Ludng c6 gia tri ~ 450 Bg m”. Vio
mua lanh, néng d6 radon c6 su phan di phu thudc
vao do am khong khi trong hang, ndng do radon
cao véi do 4m 16n va nguoc lai (Hinh 5). Sy
chénh 1éch v& d6 4m khéng khi trong va ngoai

hang vao d4u va cudi moa “lanh” ¢6 su khac nhau
15 rét. Trong hang Rong, trung binh d6 4m khéng
khi trong hang 1a 69%H, ngoai hang la 62%H vao
thang 12 (déu mua “lanh”); tuy nhién, dén cudi
mua "lanh” (thang 3), trung binh d6 4m khong khi
trong hang 1a 65%H, con ngoai hang ha xubng
40%H. Su chénh léch nay lam cho néng d6 radon
trong hang Rdng cao vao thang 12, véi **Rn va
22'Rn c6 gia tri trung binh 1a 873 Bg m™ va
546 Bq m™, va xudng thap vao thang 3, v6i **Rn
va °Rn c6 gia tri trung binh 13 206 Bg m™ va
74 Bg m”. Nhu vy, c6 thé thiy nhiét do va do
am khong khi da anh huong dén nong d¢ radon
trong moi truong hang dong,

Nong d6 radon trong khéng khi cac hang con
ty 1& v6i nong do carbon dioxid (CO,) theo mua
voi ddc diém cing cao vao mua “ndng” va ha
xudng thap vao mua “lanh”(Hinh 6). Két qua nay
tuong mg voi cac nghién ctru da dugce thyc hién
& mot sd hang dong trén Thé gidi, nhu & Texas
(M¥) [24], Austria [25], Anh [26], Ba Lan [27],
Nhat Ban [28], va Hungary [29]. Tuong tng voi
su bién thién nong do radon theo mua, nong do
CO, trong hang Rong bién thién tir 1090 ppmy
dén 1437 ppmv, hang Pai Lung tir 497 ppmv dén
1060 ppmv, va hang Na Ludng tir 616 ppmv dén
735 ppmv vao mia “néng” Dén mia “lanh” nhiét
do trong hang Rong khong c6 su thay déi 1on (17
- 18°C), ndng d6 CO, giam tir diu muia “lanh” véi
gia tri trung binh 964 ppmy, dén cubi mua “lanh”
ubng con 376 ppmv (gia tri trung binh).

Béang 1. Nf‘)ng d6 radon (***Rn va 2Rn) va carbon dioxid (CO,); va cac thong sé trong tng
(toc do gid, nhiét dg, dd am) trong khong khi cac hang va moi trudng bén ngoai
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* Tbe do gid (m s™): tbe do gié trong hang,
xac dinh cho d6 Iuu thong khong khi trong hang

In; out: thong sd tuong tmg trong hang va
ngoai hang

(min-max); TB: gia tri nho nhét - gi4 tri 16n
nhét; gia tri trung binh
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Hinh 5. Tuwong quan giita ndng d¢ radon va do am
khong khi trong hang Rong vao “mua lanh”.
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Hinh 6. Tuong quan thuan gitra ndng d6 *’Rn va CO,
trong khong khi cac hang theo mua.

Trong cac ddng vi cua radon, chi c6 dong vi
*Rn, ¢6 chu ky ban ra dai nhat ~ 3,8 ngay, c6 thé
di chuyén tir dudi sdu va khuéch tan nhanh vao
khong khi néu xuét hién cac khi di kém (hay con
goi 1a cac khi van chuyén) nhu methan (CH,)
va/hoac carbon dioxit (CO,) trudc khi qua trinh
phén i xay ra. Cac khi nay thuong c6 ngudn gbc
tu cac da dudi sau dong vai tro nhu khi van
chuyen gitp cho radon di chuyén dé& dang hon 1én
bé mit Trai dat theo cac khe niit hodc dut gay [16;
18]. Két qua nghién ctru da chi ra ndng do radon
ty 1é thuan voi ndng d6 CO, trong hang dong, nhur
vdy radon c6 thé xuét phat tir nhitng thanh tao dia

chit dudi sau, vi du nhu tir hé ting Hong Ngai véi
thanh phan chi yéu gém cac d4 sét voi, duge dua
lén va phan tan vao méi truong khong khi hang
cung voi khi CO, qua cac khe niit hodc dut gay.

b. Méi quan hé giita nong d¢ radon va cdc
tham s6 moi truong

Theo nhiéu nghién ctru duoc cong bd, trong
cac moi truong kin, ndng do radon thuong bi chi
phdi boi cac tham s6 méi truong, nhu sy bién
thién nhiét do, sy luu thong khong khi va sy
chénh 1éch ap suét khong khi [17, 19, 21, 22].

Két qua khao sat cho th?iy, nhiét do6 moi
truong khong khi trong hang thudng thip hon
nhiét do khong khi bén ngoai va c6 bién do dao
dong nhiét vao mua “néng” cao hon mua “lanh”.
Vao mua “néng”, nhiét do trong cac hang 1a 21-
22°C va ngoai hang 1a 30-31°C véi bién do nhiét
~9°C; trong khi vao mua “lanh”, nhiét d6 trong
hang la 17-18°C, ngoai hang 1a 23-24°C va bién
d6 dao ddéng nhiét ~ 6°C (Bang 1). Trong hang
Réng, nSng d6 radon bién thién o rét theo nhiét
d6, ndng d6 ***Rn c¢6 gié tri 5956 Bg m™ & nhiét do
21°C vao thang 5 giam xudng con 2237 Bg m™ &
nhiét d6 18°C vao thang 12 va 206 Bg m™ & nhiét
d6 17°C vao thang 3 (Hinh 7). Nhu vay, co thé
thay ndng do radon trong hang Rong c6 xu huéng
cao vao mua “néng” va thip vao mua “lanh”,
twong tw quy luat bién thién ndng d6 radon trong
cac nghién ctu cua [22] va [4].

Theo huéng tir cira hang vao trong, ndng do
radon c¢6 xu huéng ting dan (Hinh 8), diéu nay
phu thudc vao do luu thong khong khi trong cac
hang. Hang Rong gin nhu 14 hang kin, chi c6 mot
ctra nho ra vao; hang Pai Lung cling 1a hang hep,
dai, mdi dAu c6 mot clra nho; hang Na Ludng co
nhiéu ngach dan, va c6 nhidu ctra théng, do luu
thong khong khi twong dbi tét hon. Déi v6i nhitng
hang kin, cang vao sau phia trong, do luu thong
khong khi giam cang manh, c6 thé dan dén trang
thai “o dong” khong khi (stagnant). Diéu kién nay
thudn loi cho sy tép trung cao cua khi radon.
Hang Rong c6 toe do gi6 thap (0,01 m s ), nong
do *’Rn Va *’Rn tuong u’ng o gia tri rét cao,
5956 Bq m™ va 492 Bg m™, trong khi d6 hang Pai
Lung va Na Ludng c6 toc do gio cao hon va c6 do
luu thong khéng khi t6t hon, thudn lgi cho radon
¢6 thé khuéch tan ra moi truong ngoai, giam mirc
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do tap trung trong khong khi hang Hang Pai
Lung c6 téc do gio 0, 02 m s, ndng d6 radon
trung binh (1873 Bg m™ dbi voi 2R va 465 Bg
m” @6 voi *°Rn) thdp hon trong hang Rong
nhung cao hon trong hang Na Luéng (569 Bg m™
d6i v6i **Rn va 452 Bg m™ ddi voi 2°Rn) ¢b te
d6 216 0,03 m s~
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6000 Hang Rong
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4000 -

3
Nhiét do trong hang (°C)
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Hinh 7. Nong d6 radon bién thién theo nhiét do
trong hang Rong.
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Hinh 8. Tuong quan giita ndng d6 radon va sy luu
thong khong khi cac hang.

Bén canh dic diém vé luu thong khong khi
kém, bén trong hang Rong con c6 1 dut giy va hé
thdng khe nit doc theo dut giy & trong hang. Tai
nhiing vi tri nay, n6ng d6 radon co gia tri rat cao,
1én toi 15000 Bg m™ ddi véi**Rn va 3000 Bg m”
ddi voi *’Rn vao thang 12. Két qua nay chimg to
dut gy va hé théng cac khe nut c6 nhidu kha
ning déng vai tro 1a dudng dan cho khi phong xa
nhu radon ¢6 thé di chuyén tir dudi sau di 1én va
khuéch tan vao méi trudng khong khi [30].

Tuy nhién, hé théng cac khe nut va 15 hong
trong hang c6 thé bi vat liéu tram tich tai chd hodc

duoc mang dén theo cac dong 1 vao mua mua lap
ddy. Hang Rong va Pai Ling 14 cac hang dang
duoc nguoi dan sir dung dé thu nudce va giir nudc
cho sinh hoat va san xuét. Trén nén hang luén co
16p trim tich che phi. Cac 16p trm tich nay co
thanh phan ~ 50% khoang vat sét (Hinh 9), nhimg
khoang vat co cau triic 16p, tinh tham kém va c6
thé 1am giam kha nang khuéch tan khi radon [4].
Khi d6 4m khong khi trong hang va bén ngoai déu
cao, va khong c6 su khac bict nhleu 16p tram tich
c6 ty 1€ cac khoang vat sét cao & nén hang s¢ tién
t6i trang thai bdo hoa nudc va dé dang lép kin
nhiing khe nut, 16 hong, dong thoi lam giam sy
trao d6i khi giita moi truong trong hang va bén
ngoai [17]. Nguoc lai, khi d6 4m trong hang va
bén ngoai chénh 1¢ch 16n, nhu 65%H trong hang
Rong va 40%H bén ngoai vao thang 3, 16p trAm
tich & nén hang s& c6 xu hudng mat nudc, giam
thé tich, tang do thAm va tao diéu kién cho cac khi
c6 thé trao doi qua cac khe nut, két qua 1a nong do
radon trong hang giam [20].

Thuyc nghiém [15] vé viéc x4c dinh ndng do
radon phat ra tir thinh phan sét va da voi trong
hang Baradle (Hungary) di chi ra ring nong do
radon khuéch tén tir thanh phan sét co thé tao ra
luong burc xa phong xa dang ké trong méi trudng
hang dong [15]. Néu so sanh ndng d6 radon c6 thé
thoat ra tir sét va da voi trong diéu kién twong
duong, c6 dén 44% ham luong radon co thé thoat
ra tir thanh phan phong xa trong sét, nhung chi c6
2,5% ham luong radon c6 thé thoat ra tir da voi
[4]. Nhu vay, co thé coi thanh phén sét trong 16p
trAm tich ciing 13 mot ngudn phat xa radon tu
nhién vao méi truong hang dong.

c. Anh huéng ciia nong do radon dén nguoi
lao dong va khach du lich trong cdc hang dong

Hién nay, cic hang Rong, Pai Lung va Na
Ludng ¢ Cao nguyén da Pdng Vin déu duoc
ngudi dan dia phuong stt dung véi nhiéu muc
dich, nhu phuc vu sinh hoat, san xut va khai thac
du lich. Theo tiéu chuan Viét Nam vé an toan
phong xa [31] cho moéi truong lam viéc trong nha
(m6i truong hang dong la moi truong kin twong
duong vdi moi truong lam viée trong nha), mirc
khuyén céo tuong dwong véi ndng do “?Rn ~ 200
Bg m” va mutc hanh dong twong dwong voi ndng
d6 *Rn > 300 Bg m™. Tiéu chuan an toan birc xa
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phéng xa dbi voi ddng vi °Rn chua duoc cc td
chirc trén Thé gioi va & Viét Nam cong bd chinh
thirc, nhung trung binh ndng d¢ **’Rn trong khong
khi dugc UNSCEAR (1993) [32] cong bd 1a ~ 10
Bgm”™.

Két qua nghién ctru cho thdy, trung binh
nong do **Rn & céc hang vao mila ‘néng’ cao hon
mirc hanh dong (300 Bg m™) clia tiéu chuén Viét
Nam 6 - 20 14n, va trung binh ndng d6 *’Rn cao
hon murc trung binh khong khi 45 - 50 lan. Vao
mua ‘lanh’ v6i 6 4m khong khi thép, néng do
Rn ¢ hang Rong chi twong dwong v6i muc
khuyen c4o [31], con nong d6 *Rn van cao hon 7
1an mirc trung binh khong khi. So voi ning luong
birc xa giai phong tir dong vi **Rn (5,49 MeV véi
thoi gian phan ri ~3,8 ngay), “’Rn ¢6 ning luong

bure xa (6,29 MeV) cao hon trong khoang thoi
gian rit ngin hon (55,6 gidy). Co the thay
ning lugng birc xa phong xa tir *°Rn can phai
dugc quan tam nghién ctru va canh bao rui ro
vé an toan.

DPéi voi cac hang dong c6 ham luong phong
xa cao, can khuyén cao téi du khach thoi diém
thich hop tham quan trong nam cting nhu khoang
thoi gian t6i da mdi lwot du khach dugc luu lai
trong hang. Trong tuong lai, viéc khai thac cac
hang dong karst vao muc dich du lich, can tinh
toan dén phuong 4n thiét ké h¢ thong thong gid
dap ing yéu cau cua viéc luu thong khong khi,
dic biét vao mua “néng” dé giam thiéu rui ro vé
mat an toan birc xa cho du khach va cac ddi tuong
lién quan.

i
bl L -1 n
;|
gs.‘" % £ 2
= = -~ [ 3
- . g 2 4
© ¥ g == %
3 E g % £
5 % : E 2
3 § = - ] S =‘E = :
| 2 3 35 - fge 85 % -
\ = E® = EFw S K H §is
| 213 iS5 23 3 53
W J L‘ T &
M | ¢ !
. \
Bortaes W wam J"‘m -ka e, »..w, w#“\-—u ~" -.J~.-.le
L] " "n b "
'ZD{uKa
Pal Ling
™ i _
- ]
" % A 3
§ bd
L -
gm ! :‘i §
£ ] =
D 2 2 s ¥ 5
] - =2 ¥ <
e Sz S|E = 3
£ 3% s 3 % E
5 a2 2 T 2
o * = (T
\ ;§ s = y
i S s T
il q ESE 3 : 3
: | 385 3 j 2
w1 % I l ’ j
Wi, ..,v W\ ’
L] 3 n - -
*28-Cuka

Hinh 9. Gian d6 XRD tram tich phii trong hang Rong va Pai Lung.
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5. Két luan

Nong d6 radon trong 3 hang karst (Rong, Pai
Ling, Na Ludng) xac dinh dugc trong khoang
thoi gian tir thang 5/2015 dén thang 3/2016 co su
bién thién theo mua va cac thong s moi trudng
trong hang. Nong d radon bién thién ty 1¢ thuan
voi nhiét do va d6 4m khong khi trong hang (cao
nhét vao mua “nong” d¢ &m cao va thap nhat vao
mua “lanh” (d6 4m thip), ddng thoi ty 18 nghich
voi sy luu thong khong khi thé hién bang toc do
gi6. Mot sé yéu t6 dia chat nhu cac thanh tao lién
quan dén sy hinh thanh hang dong, cac dut gay,
hé¢ thong khe nut, thanh phan vat chat 16p trarn
tich xuét hién trong cic hang cung 1a nhimg yéu
t6 quan trong anh huéng den néng do radon.
Trong d6, radon thuong c6 ndng dd cao cing véi
khi carbon dioxit ¢ vi tri cac dut gdy hoac hé
théng khe nit, noi dién ra qua trinh trao ddi tur
dudi sau di 1én hodc véi moi truong ngoai hang
dong, 1én t6i 15 kBg m™ d6i v6i**Rn va 3 kBg m™
d6i voi “Rn tai khe nut doc dat giy & hang
Rong. Ham lugng khoang vét sét cao (~ 50%)
trong 16p tram tich phi & nén hang déng vai tro
nhu “cénh cira” cho su trao d6i khong khi giita
bén trong va bén ngoai hang, ddng thoi ciing c6
thé coi 14 mot ngudn phat khi radon cao hon so
voi thanh phan da voi hinh thanh hang dong, tao
diéu kién cho kha ning tich tu khi radon véi ndng
d6 cao trong cac moi trudong kin nhu hang dong.

D6i sanh voi tiéu chudn an toan phong xa
Viét Nam [31], nong d6 **Rn trong cic hang
karst duoc khao sat c6 gia tri cao hon muc hanh
dong 6 - 20 lan trong hon nira thoi gian trong
nim, va tuong duong muc khuyén céo khi do
4m khong khi ha thdp; trong tu néng d6 *’Rn
cao hon ndng do trung binh trong khong khi
7 - 50 lan, tham tri c6 di€ém t6i 300 lan. Véi cac
gid tri nay, cac hang dong karst va moi truong
sdng cua ngudi dan dia phuong trén Cao nguyén
da Pong Vin can dugc quan tim nghién ciru va
canh béo riii ro vé an toan phong xa.

Loi cam on

Cong tac thyc dia va do dac hién truong tai
khu vuc nghién ctru hoan thanh dudi ho trg nhiét

tinh cua Ban Quan ly Cong vién Dia chit Toan
cau, Cao nguyén da Dong Vian va ba Minh
Schimmelmann. Tap thé tac gia xin tran trong
cam on.
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Radon Concentrations in Karst Caves
in Dong Van Karst Plateau
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Abstract: Radon concentrations (*’Rn and **’Rn) in the air of three karst caves in Dong Van karst
plateau, including (i) Rong cave holding a local freshwater reservoir, (ii) Pai Lung cave seasonally storing
water for agriculture, and (iii) Na Luong cave being developed for touristical purposes, were measured via
o-spectroscopy (SARAD™ RTM 2200, SARAD® GmbH, Germany) during the time from May 2015 to
March 2016. The survey included “warm season” and “cold season” field works based on environmental
temperature differences. Rong cave featured 5956 Bg m™ and 1081 Bg m™ of o-radiation from **Rn and
0Rn, respectively, during the “warm season”, but reached only 206 Bg m™ and 74 Bg m during the “cold
season”. Due to their enhanced ventilation of cave air, Pai Lung and Na Luong caves had lower values of
both **Rn and **’Rn abundances than those in Rong cave during the “warm season”. The observed “*Rn
levels in Rong and Pai Lung caves during the “warm season” were 6 to 20 times higher than Vietnam’s
recommended threshold Action Level for enclosed workplaces (300 Bg m”). No officially
recommended threshold action level for *’Rn has been established so far, but the observed
*2'Rn concentrations in the studied caves are much higher than permissible abundances in
outdoor environments (UNSCEAR, 1993). Workers in Rong and Pai Lung caves as well as
visitors in Na Luong Cave may be seasonally exposed to a significant radiation geohazard.

Keywords: Radon, thoron, concentration, karst cave, radiation, Dong Van.



