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Ngudn gdc va xu hudng bién doi cac khi nha kinh (carbon dioxide va
methane) trong long cac hang dong da voi1 da va dang khai thac du lich
tai Vuon Qudc gia Phong Nha - Ké Bang
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Tém tit

Su bién ddi ciia moi truong vi khi hau bén trong cac hang dong c6 nhirng nguyén 1y riéng cia nd, khong glong v6i moi
truong khong khi bén ngoai. Cac két qua quan tric thuc dia va phén tich ¢ phong thi nghiém déu cho thdy ham luong
cac khi nha kinh nhu cacbon dioxit (CO;), methane (CHy), va mdt so khi khac trong cac hang dong da voi la khac nhau.
V6i cic hang dong dd va dang khai thac du lich, néu 1a hang kin (hang chi c¢6 mét cira), ham luong CO, trong hang
thuong & muc cao va thay doi dang ké giita ngay va dém, giira nhitng vi tri c6 khach tham quan va khong c6 khach
tham quan, diéu d6 cho théy c6 su tich tu khi CO; trong long hang dong. Nguogc lai, ham lugng CHy lai thuong rat nho
va it bién ddi cho thiy méi truong long hang lai 14 noi phan hity khi CHa, nguoc véi suy nghi tir trude dén nay cho rang
loai khi nay luén tich tu trong moi truong kin.

Tuwr khoa: Khi nha kinh, CO,, CH4, hang dong da voi.

Abstract

The change of the microclimate inside the caves has its principles, which are not the same as the atmosphere outside.
The results of field observations and laboratory analysis show that the concentrations of greenhouse gases such as
carbon dioxide (CO,), methane (CH4), and some other gases in the caves are different. With the caves that have been
exploited for tourism, if it is a closed cave (the cave has only one mouth and no underground river), the CO, content in
the cave is usually high and varies significantly between day and night, among caves, location with visitors and without
visitors. This shows that there is an accumulation of CO, in the cave. In contrast, the concentration of CHy4 is usually
very small and has little change, indicating that the cave environment is the place where CH4 gas is decomposed,
contrary to previous thought that this gas always accumulates in a closed environment.
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1. Mé diu

Su bién doi cia méi truong vi khi hau bén
trong cac hang dong da voi luon cd nhiing
nguyén 1y riéng cia né ma khong gidng véi
moi truong khong khi bén ngoai. Ngoai ra, viée
khai thac du lich hang dong c6 thé lam thay doi
moi truong vi khi hau trong 1ong hang nhiéu
hon. Khi lugng du khach tham quan dong co
thé 1am gia ting ndng do cac khi nha kinh nhu
COz2va CHa trong khong khi long hang [1, 2, 3].
Bén canh do, cac khi doc nhu NO2, hay CO
cling c¢6 kha nang luu trir, tich tu trong long
hang, gy anh huéng dén sic khoe khach tham
quan. Cac nghién ctru vé sy bién d6i moi
truong vi khi hdu noéi chung, khi nha kinh nhu
CO:z va CHs noi riéng, ton tai trong 1ong céc
hang dong da voi di dua ra mot sb gia thuyét
giai thich vé ngudn gdc, co ché chuyén hoéa, su
bién d6i cua cac khi nay [3, 4]. Cac két qua
nghién ctru déu cho thdy méi truong vi khi hau
trong cic hang dong co su trao do6i manh mé
voi moi truong bén ngoai. Thong thuong, ham
lwong khi CO> trong dat (trong khoang 1000 -
10000 ppm) cao hon nhiéu trong khi quyén
(trong khoang 380 - 450 ppm), chiém thanh
phan chinh ciia khi CO2 tich tu trong long cic
hang dong [4, 5]. Trong truong hop cac hang
dong dang dua vao khai thac du lich, ham
luong CO: trong hang la sin pham cua qua
trinh hoa tron gitra CO2 khi quyén, CO2 khuéch
tan tir dat da va nuéce tham thau va CO2 do con
ngudi ho hip. Ham luong khi CO: trong 1ong
hang 1a mdt yéu t6 quan trong quyét dinh dén
nhiéu qua trinh dia héa. Néu hang kin (chi ¢o
mot ctra), qué trinh hoa tan d4 voi xdy ra cho
dén khi toan bo khi CO2 duoc hoa tan hét. Néu
hang ho (c6 nhiéu cira), hé moi trudng trong
long hang s& duy tri qua trinh tiép xuc giita
nuée tham thau va CO2 co6 ngudn goc tir dat
hay cac ngudn khac nhu khach du lich tham
quan va dong vat sdng trong 1ong hang, dan dén
lam ting téng luong cacbonat hoa tan [5, 6, 7,
8]. Trong thyc té, trong l1ong hang dong thuong

tdn tai cac khu vuc duoc coi 13 hé mé/hé ndm &
phia trén gan cira hang, & nhimg khu vuc sau
hon bén trong, moi trudong trd thanh hé kin.
Piéu nay co nghia 1a khong phai chd nao trong
long hang cling xdy ra qua trinh hoa tan da voi
ma c6 nhitng khu vuc thi khi CO:z trong long
hang thap, dan dén khi CO: thoat ra tir nudc
tham thdu, va qua trinh két taa calcite xdy ra
manh hon, 1am tang kha nang thanh tao cia hé
théng thach nhii trong hang [1, 2, 3, 5, 9]. Nhu
vay, khai thac du lich s& 1am xdo tron vé cdu
tric ciing nhu méi truong vi khi hau so véi didu
kién tu nhién, dac biét 1a khu vuc dugc phép
tham quan (c6 xdy dung cac san dao - 16i di
phuc vu hoat dong tham quan). Viéc xac dinh
duoc ham lugng CO2 va co ché bién ddi cla
ching trong 1ong hang 1a can thiét dé khai thac
hiéu qua va bao vé cac di san cac hang dong da
VOl.

Bén canh khi CO2, CH4 la khi thuong gap,
chung tich tu trong cac hang dong do qué trinh
phan hay cta chit hitu co trong méi trudng
yém khi tao ra. Pay ciing 1a khi nha kinh phd
bién thtr hai sau khi CO2 véi ham lugng trong
khi quyén vao khoang 1800 ppb. Khi CH4 c6
hiéu tmg thu nhiét lugng bang 28 1an so véi khi
COz2, nén mac du ham lugng it hon nhiéu so véi
CO2, nhung khi nay ciing dong vai tro quan
trong trong vi¢c tao ra hi¢u rng nha kinh — sy
noéng 1én toan ciu cua trai dat [1, 2, 3]. Tuy
nhién, hiéu biét ciia con ngudi vé ngudn goc
hinh thanh ciing nhu phan huy ctia CH4 chua
nhiéu, dic biét 13 moi truong trong cac hang
dong da voi. Cho dén nay chua c6 nghién ciru
nao chi ra rd rang khi CHs c6 ngudn gbc tir
nhitng qué trinh ndo va xu hudng bién doi ra
sao trong moi truong dic biét nhu bén trong cac
hang dong da voi. Trai véi cac suy nghi cho
rang CHs duoc sinh ra va s& tich ty trong long
cac hang dong, tuy nhién két qua quan tric vé
khi nay trong mdi truong vi khi hau cia céac
hang dong da voi & Tay Ban Nha da cho thiy



48 Tran Ngoc, Trinh Anh Durc / Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 1(50) (2022) 46-54

khi CH4 khong nhitng khong bi tich tu ma lai bi
phan huy trong mdi trudong nay [1].

Cho dén nay, cac nghién ciru vé méi trudng
vi khi hdu trong long cac hang dong thudc hé
théng hang dong cua di san thién nhién thé giéi
Vuon Qudc gia Phong Nha - Ké Bang 1a rét it.
Dic biét 1a cac nghién ciru vé co ché xuét hién,
tich trit, chuyén hoa, bién doi cua cac khi nha
kinh trong moéi truong dac biét nhu trong long
hang dong da voi. Vi vay, trong nghién clru nay
dat ra viéc st dung cac quan trac tai chd cling
nhu phéan tich trong phong thi nghiém cac loai
khi khac nhau nhu céc khi nha kinh CO2 va
CHa4 va cac khi doc nhu CO, NO2 trong long
hang da voi tai Vuon Québc gia Phong Nha-Ké
Bang. Cac két qua thu dugc s& dong gop vao su
hiéu biét cua con ngudi vé ngudn gbc, co ché
chuyén hoa cia cac khi nha kinh trong moi
truong vi khi hdu trong hang dong no6i chung va
hang ddng da voi noi riéng.
2. Phuwong phap thwe nghiém

Céc phuong phap dugc st dung trong
nghién ctru nay 1a su két hop gilta quan tric
thuc dia va lay mau phan tich trong phong thi
nghiém (bao gdm phan tich ndng do khi, phan
tich ddng vi bén). Pia diém dugc chon dé

nghién ctru 1a cac hang dong da va dang khai
thac du lich, bao gém Phong Nha, Tién Son va
Thién Puong - déu thudc hé théng hang dong
ctia di san thién nhién thé giéi Vuon Quéc gia
(VQG) Phong Nha - K¢ Bang (Hinh 1).

Céc vi tri quan tric va léy mau dua vao dia
hinh thuc té va cach bd tri khu vuc tham quan
ctia timg hang dong [10]. Thoi gian quan tric
va léy mau tai thuc dia dugc chon vao mua hé
khi ¢6 luong khach tham quan dong.

Thiét bi str dung dé quan tric lién tuc va tai
cac thoi diém vé nhiét do, d6 am, ham luong
CO2, CHas, pCO: dugc thuc hién trén thiét bi:
COz2, CH4 meter Sense CO2 + RH/T Monitor w.
Relay - cSense CO2, Temp & %RH Monitor w.
Relay & Data-Logger Kit. Liy miu va phén
tich dong vi bén 8'*C bang thiét bi G2101-i
(Picarro Inc, Santa Clara, CA, USA). Ngoai ra,
¢6 str dung mo hinh Keeling dé phan tich mbi
quan hé giita hai thong sé 1a 1/pCO2 va ty 1é
ddng vi 8"3C theo nguyén tic: Pong vi bén §'3C
trong khi quyén c6 mot gia tri xac dinh, trong
khi 8'°C ¢ xuét x{r tir cac ngudn khac (chang
han tr méi truong dat hay hé hip cua con
ngudi) s& ¢ 8'°C thay ddi khac han [2, 3, 10].
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Hinh 1. Ban do tong thé ciia VOG Phong Nha - Ké Bang va vi tri cdc hang ddng khdo sat [10]
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3. Két qua quan tric va phén tich

3.1. Phén tich cdc chi tiéu vé méi trwong khong khi

Két qua quan trac tai cho cac chi tiéu vé moi truong khong khi (nhiét o, do am, toc do gié va

anh sang) trong 3 hang dong dang khai thac du lich Thién duong, Phong Nha va Tién Son dugc

trinh bay trong Bang 1.

Bang 1. Cac chi tiéu khong khi trong hang dong du lich tai Phong Nha - Keé Bang dip 30/4-

1/5/2015
Hang dong Nhiét d6 (°C) Do am (%) Tbc do gio (m/s) Anh sang (Lux)
Thién Puong 21,3-24,3 89,5-99,5 0,0-0,2 0-6
Phong Nha 26,2-29.,5 85,8-98,5 0,0-0,1 0-8
Tién Son 22,2-25,6 78,4-94,5 0,0-0,1 0-27
Ngoai hang 30,9-32,1 79,1-82.4 0,3-0,4 38200-38800

Két qua khao sat cac chi tiéu khong khi &
Bang 1 cho thiy: Nhiét d6 bén trong cac hang
dong déu thép hon nhi¢t d§ bén ngoai, cang di
sdu vao hang nhiét do cang giam. Két qua nay
phan anh mot dic diém chung vé nhiét d6 moi
truong cua h¢ hang “lanh” (nhling hang cé
nhiét do bén trong long hang ludn thap hon
nhiét d6 bén ngoai hang). Dya vao ciu tric dia
hinh trong hang ciing nhu vi tri ctra hang dé c6
thé khéng dinh, ngoai trir dong Phong Nha, cac
hang dong khao sat déu 1a hang “lanh”, c6 cira
hang nam & d§ cao cao hon so v&i nén hang.
Pay 1a mot trong nhiéu chi sé quan trong ding
dé danh gia kha nang trao d6i khong khi giita
bén ngoai va bén trong hang.

So voi cac d6i khi hau khac, do am trong
khong khi cua khu vuc VQG Phong Nha - K¢
Bang dac trung cho khu vuc nhiét déi gié mua
lai gin bién va kha cao (trung binh 79%) [10].
Tuy vy, gia tri ndy van thap hon nhiéu so véi
d6 4m bén trong 10ng cac hang khao sat. Pic
biét, cang vao sdu trong hang, do am cang ting
va ¢o thé dat mirc bao hoa xap xi 100%. Do am
dat muc bao hoa s€ tao nén hién tuong ngung
tu hoi nudc trén bé mat nén hang va cac thach
nhil. Trong truong hop ham lugng CO:2 trong
khong khi cao hon mirc can bang véi qué trinh
thanh tao calcite thi nudc ngung tu s€ co tac
dong lam bao mon 16p da voi dé tao ra

Ca(HCO3)> dang hoa tan. Ngoai ra, voi diéu
kién 4m uét nhu vay, néu cac chi sd khac nhu
anh sang, dinh dudng cling thuén lgi thi thuc
vat s& phat trién manh [1, 2, 3, 4].

Téc d6 gi6é cho thiy c6 sy ddi luu cia khong
khi trong 1ong hang. Véi tiét dién/mit cét 1ong
hang 16n nhu vay, tbc do gi6 cd 0,1 hodc 0,2
m/s ciing cho thdy kha ning d6i luu ciia khong
khi 1a dang ké. Ngay ca voi hang Tién Son la
hang chi c¢6 1 16i ra (khéng phai hang thong)
nhung van ¢ sy dbi luu cia khong khi. Ngoai
ra, c6 thé khing dinh cac hang dong co nhiéu
cra va song ngdm nhu Phong Nha va Thién
Puong, khong khi d6i lvu manh hon & Tién Son.

Do céac hang dong khao sat déu 1a hang dang
khai thac du lich, hé théng dén duoc thip sang
trong thoi gian khao sat nén két qua do anh
sang thuc sy khong phan anh ding anh hudng
clia 4nh sang ty nhién tir cira hang vao dén vi tri
khao sat nam sau bén trong long hang. Tuy vy,
& nhitng vi tri khao sat khong lap dat dén chiéu
sang (hodc rat xa cac diém co dén chiéu sang)
thi két qua do do sang 1a gan nhu bang khong.
3.2. Phin tich ham lwong mot so logi khi
(COs, CH,, CO, NO>) va dong vi bén 5 3C-CO;

Két qua quan tric ham lugng mot sé khi
trong va ngoai hang ctua 3 hang dong Thién
DPuong, Phong Nha, Tién Son va phan tich
ddng vi bén § *C-CO; trinh bay trong Bang 2.
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Béng 2. Ham heong mét sé khi (CO2, CHy, CO, NO:) va dong vi bén d 3C-CO,

Hang dong CO; (ppm) 8 13C (%o) CH4 (ppm) CO(mg/m’) | NOy(pg/m®)
Thién Dudng 607 — 989 -20,6 - -15,9 1,4-1,6 0,3-1,3 210 -270
Phong Nha 795 -1025 -20,4 - -18,4 1,4-1,9 0,4-0,9 60 -170
Tién Son 805 — 2901 -25,7--17,1 1,3-1,6 0,2-0,8 110 -290
Ngoai hang 465-520 -18,7 1,9-2,0 1,2-1,3 120 - 160

Két qua phan tich ham luong khong khi ¢
Béng 2 cho thiy:

Ham luwong khi bén trong hang khdc so voi
bén ngoai hang: Cu thé, ham lugng CO2 bén
trong tat ca cac hang déu cao hon ham luong
bén ngoai hang. V&i CHa thi bén trong hang
ham lwong lai chi bang hodc nho hon bén ngoai
hang. Cac két qua do ddng vi gitta cac vi tri cho
thy, ty 1¢ dong vi bén bén trong hang c6 xu
huéng cao hon bén ngoai hang. Véi cac khi
khac thi déu c6 két qua 1a hodc thap hon (véi
CO) hodc cao hon (v4i NOz2) bén ngoai hang.

So sanh mdt cach twong dbi két qua quan
trac tai cac hang cho thidy ham luong cac khi
quan tric trong hang Tién Son thay d6i nhiéu
hon so voi cac hang con lai. Chang han nhu
ham luong CO2 ¢6 diém cao dén 2901 ppm,
gap 3 1an gid tri cao nhét & cac hang khac, trong
khi CHa lai c6 gia tri thap 1a 1,3 ppm. Hay nhu
v6i ty 16 dong vi bén & C-CO,, két qua do dac
cing cho thay tai hang Tién Son, s phan bd ty
1¢ dong vi ciing phirc tap nhat, gia tri § *C-CO,
dat thap dén ¢ -25,7%o.

Sw bién doéi ham lwong theo do sdu bén
trong long hang: Chi tiét cac két qua khao sat
theo cac vi tri trong long hang cho thdy ham
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Hinh 2. Si bién déi ham lwong CO; theo dé siu trong
cac hang Phong Nha, Thién Duong va Tién Son

luong cac khi nhu CO2 va CHs khong gibng
nhau gitta cac vi tri khdo sat (Hinh 2 va 3).
Riéng véi CO2, két qua khong cho thdy xu
huéng thay d6i tudn tu co6 quy luat hodc ting
dan, hodc giam dan tir bén ngoai vao bén trong
hang, ma ham lugng CO2 & cac khu vuc cho
phép khach tham quan tdp trung dong thuong
cao hon cac khu vuc khong c6d khach tham
quan va cao hon & cic vi tri sat cira hang. D6i
v6i hang Tién Son do hang ndng (chiéu sau
hang chi 750m) lai chi c6 1 16i vao, khu vuc
san dao phuc vu khéach tham quan qua trai dai
sudt ca hang va san dao trung tim khach ding
lai & gan cudi hang (700m) nén ham lugng khi
CO2 do dugc ¢ day 1a cao nhat. Con véi dong
Thién Puong va Phong Nha déu 1a cic hang
thong, lai c6 song ngdm, nén ham luong khi
CO2 do dugc ¢ cac vi tri khach tham quan dong
(46 sdu 300m ddi voi Phong Nha va 700m ddi
v6i Thién Puong) 13 cao nhit, néu di sau vao
bén trong ham lugng CO2 lai giam. Trong khi
d6 v6i CHa, xu hudng thay d6i 1a cao dan khi di
siu vao trong 1ong hang, r& nhit 13 v6i hang
Tién Son. Két qua phan tich ham luong khi
CH4 trong khong khi ¢ sat mat dat bén ngoai
ctra hang cho gid tri twong duong véi ham
lugng khi nay ¢ bén trong sat ctra hang.
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Hinh 3. Sy bién d6i ham lwong CH, theo d¢ siu trong
cac hang Phong Nha, Thién Duwong va Tién Son
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Ngoai ra, két qua quan trac khi CO2 (Hinh
4), CHs4 (Hinh 5) va mot s6 diéu kién moi
truong khac nhu nhi¢t do khong khi, do am va
nhiét d6 bdc hoi cho thiy trong khi cac diéu
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Hinh 4. Sy bién doi ham lugng CO; theo thoi
gian trong mot ngay dém (vi tri quan trac
tai khu vue co khach tham quan dong)

Cu thé, gia tri CO2 dat cuc tiéu vao gitra dém
vé sang, dat cuc dai sau budi trua xé chiéu
(trong khoang 12h-14h). Ngoai ra, anh hudng
clia con ngudi (qua qué trinh hd hap) dén ndng
do CO2 tang 1én rat rd, khi khu vuc quanh dau
do tap trung nhiéu khach thim quan. Mot diém
dic biét nita 1a két qua khdo sat tai chd cling
cho thdy c6 su phan ting cua khi CO: trong
hang. Tai nén hang, ham luong CO2 c6 gia tri
cao nhat, cang 1én cao trong long hang, CO:
cang giam. Pén d6 cao trén 1m thi gia tri CO2
tr nén 6n dinh, khong ting 1én nita [2, 3, 4].
D6i voi khi CHy thi khac hon, ndong d6 khi nay
trong hang khéa nhé (cd vai ppm) va thuong nhé
hon bén ngoai trudc cira hang. Ciing ¢ sy bién
d6i ting vao ban ngdy va khu vuc co nhiéu
nguoi tham quan, tuy nhién su tang nay khong
dang ké, sau do vé ban dém nong do nay lai
giam. Quy luat bién doi cua cac hang déu tuong
dbi gidng nhau, nhung & hang Tién Son, su
thing gidng nong d6 CHs nhiéu hon véi cac
hang con lai.

kién khac gan nhu khong thay doi (nhiét do va
d6 am) thi ham luong khi CO2 c6 thay d6i rd
rét gilra ngay va dém.
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Hinh 5. Sy bién doi ham heong CH, theo thoi
gian trong mot ngay dém (vi tri quan trac
tai khu vuc co khach tham quan dong)

4. Thao luan

4.1. Anh hwéng ciia dia hinh va séng ngim
dén ham lwong CO; va CH,

Céc két qua khao sat tir ngoai vao sau trong
1ong cac hang dong cho thiy véi cac hang dong
chi ¢c6 mot 16i vao va khong co song ngdm nhu
hang Tién Son luén c6 ham luong CO:2 trung
binh cao hon céc hang con lai va cao hon nhiéu
s0 voi phia bén ngoai hang d6. Diéu nay chimg
to co su tich tu khi CO2 bén trong long hang.
Do hang chi ¢6 1 cura ra vao lai khong c6 dong
chay nén qua trinh ddi luu khong khi giita bén
trong hang va bén ngoai hang (nhét 13 vé mua
hé) khong manh. Voi cac hang c6 nhiéu cta
hay c6 dong chay cua séng ngam nhu Phong
Nha, Thién Puong, khong khi bén trong lién
tuc duogc luan chuyén va trao ddi voi bén ngoai,
ham luong cua cac chat khi trong 1ong hang vi
vay it bi tich ty, phan bd déu hon gitra céc vi tri.
Do trong hang kin, c6 su tich tu CO2, qué trinh
can béng cacbonat - bicacbonat bi dich chuyén
vé hudng bicacbonat, tic 13 hoa tan da voi [1, 3].
Noi cach khac, trong hang kin, qué trinh thanh
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tao nhil d4 s€ chdm hon & trong cac hang thong
hay hang c6 séng ngam. Trong trudng hop cu
thé 12 hé thong hang dong Phong Nha - Ké
Bang thi ¢6 thé thiy, thach nhii trong hang Tién
Son cli hon thach nhii trong Phong Nha hay
Thién Buong. Tai Phong Nha va Thién Puong,
¢6 rat nhiéu thach nhii dang trong qué trinh
thanh tao, nhung & Tién Son thi khong.

Khong phai chi khi CO2 ma ca khi CHa4 cling
dugc phan bd déu va ¢ gia tri gan véi gia tri
bén ngoai khong khi hon di v6i cac hang ¢
nhiéu cira hay c6 dong chay cua séng ngam nhu
Phong Nha hay Thién Duong.

4.2. Anh hwéng ciia hoat dong du lich dén
ham lwong CO: va CH, trong hang

Céc két qua quan tric tir ngoai hang vao sau
trong hang cho thiy khi vao siu trong hang, tai
cac khu vuc hién dang mo cua cho khach tham
quan, ham lugng khi CO2 déu cao hon tai cic vi
tri khong (hodc it) mdé cura cho khach tham
quan (Hinh 2). Mat khac, két qua quan tric lién
tuc theo thoi gian cho thiy khoang thoi gian
ham lugng CO: tang cao la trung khop voi thoi
diém khach du lich tham quan nhiéu nhat (ban
ngay tir 8h sang dén 16h chiéu). Hon nita, tai vi
tri dat dau do quan trac lién tuc, khi co ngudi
lai gan, ham luong CO2 di nhay lén rat cao.
Piéu d6 cho thay, khong thé loai bo yéu t con
ngudi dén su bién d6i ham luong khi CO2 trong
khong khi. O day, ching t6i chi khang dinh
rang khong thé loai bé yéu td con ngudi dén su
bién d6i ham lugng CO: trong long hang vi
cling rat co thé sy tang 1én ciia CO: trong 1ong
hang dén tir cac qua trinh tu nhién khac. Chang
han, cic quan tric ngay-dém ¢ mot s6 hang
dong da voi khac trén thé gidi cling cho thay
rang ham luong CO2 c6 xu hudng ting 1én vao
ban ngay va giam di vao ban dém [5]. Thuc té,
chung t6i nghiéng vé giai thich 1a cac hoat dong
du lich c6 lam tang qué trinh tich tu khi CO2
trong long hang nhung so vdi cac qua trinh tu
nhién, vai tro ctua hoat dong du lich van 1a tht

yéu [1, 2, 5]. Dién hinh 1a hang Tién Son noi c¢6
CO: tich tu nhiéu nhét thi trén thuc té, luong
khéch du lich tham quan trong ngay ¢ hang nay
lai thap hon so véi Phong Nha va Thién Puong.
Dbi v6i khi CHa, ¢6 su ting ham luong theo do
siu ctia hang nhung khong dang ké. Su ting
cha yéu tap trung & khu vuc co6 khich tham
quan nhung khéng phai tap trung & nhitng noi
d6ng ngudi ma chi yéu & nhing noi kin khong
c6 anh sang. Theo chung t61 quan sat thi &
nhirng vi tri d6 c6 réac thai du lich nhung khong
duogc thu gom hét.

4.3. Xdc dinh nguén géc ciia khi COz va CH,

Dé xac dinh ngudn gdc ctia khi CO2 va CHa,
ching toi da phan tich mdi twong quan cua ham
luong ciia chiing véi ddng vi bén 3'*C bang mo
hinh Keeling [4, 5, 7, 9]. Qua d6 xac dinh dugc
mdi twong quan qua trinh khuéch tan ty nhién
hay qua trinh ho hip cta con ngudi dong vai tro
quyét dinh dong gop vao khi CO: trong céc
hang dong va vai trd cua hé thdng hang dong
ngam & Phong Nha - Ké Bang 1a ngudn phat
sinh hay noi phan hay/tiéu thu khi CHa.

Trong truong hop cac hang dong dang dua
vao khai thac du lich, ham lugng CO: trong
hang 1a san pham cta qua trinh hoa tron giira
CO2 khi quyén, CO2 khuéch tan tir dat da va
nude tham thau va CO2 do con ngudi ho hap vi
vay ta dua vao hai thong s 1a 1/pCO: va ty 18
dong vi 8'3C. Két qua phan tich ¢ Hinh 6 cho
thiy, duong hdi quy tuyén tinh cho gia tri
813C = -28.26 %o. Day la gia tri twong tng voi
diéu kién CO; trong hang khong hé ¢ su dong
g6p ciia COx trong khi quyén (chi tir nudc tham
thiu va/hodc ho hip). Mit khac, v6i hang Tién
Son, ¢6 gia tri khdo sat nam gan gbc ciia dudng
hdi quy nhat cho thdy, ham luwong CO: bén
trong 1ong hang it chiu anh hudng cua CO:2 khi
quyén hon so véi cac hang c6 két qua khao sat
nam xa goc duong hdi quy (nhu dong Thién
buong) [2, 3]. Noi theo cach khac, khong khi
bén trong dong Thién Pudng c6 trao ddi véi
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khi quyén manh hon 1a khong khi trong hang
Tién Son. O hang Tién Son, khi CO2 dén chu

yéu tir qua trinh khuéch tan va qua trinh ho hap
bén trong long hang.
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Hinh 6. Ap dung mé hinh Keeling xdc dinh nguon géc
cua khi CO; trong mgt moi truong cua cdac hang Phong
Nha, Thién Puong va Tién Son
Dua vao két qua 4p dung md hinh Keeling
va mdi twong quan gitra gia tri cua dong vi bén
8"3C va ham luong khi CHs c6 thé danh gia
dugc vai tro cia hé théng hang dong ngdm &
Phong Nha - Ké Bang 14 ngudn phat sinh hay
noi phan huy/tiéu thu khi metan. Mdi tuong
quan giita hai dai lugng 3'*C va CHs dugc biéu
dién trong Hinh 6. O ddy c6 su twong quan kha
tuyén tinh giira 5'°C va CH4 theo xu huéng 1a
3'3C cang thap thi ham luong CHs cang nho.
Do 8'3C thip dic trung cho hé cach biét véi khi
quyén va 8'°C cao 13 méi trudng cé trao ddi
manh vé&i khong khi xung quanh, ¢ thé khing
dinh 1a khi metan khong bi tich tu trong long
hang. Nguoc lai, khong khi trong hang dong tai
Phong Nha - K¢ Bang con 1a moi truong phan
huy khi CHa4. No6i cach khac, khi CHs ty I¢
thuan v6i 8'3C ¢ nghia 1a khi nay ton tai trong
hang c6 ngudn gdc tir bén ngoai vao chir khong
phai tu sinh ra bén trong hang nhu nhiéu nguoi
suy nghi. Va khi vao trong hang, khi CH4 bi
phan hity dan dan [1, 2, 5, 6].

5. Két ludn

Pay 1a nghién ctru dau tién va c6 tinh toan
dién vé moi trudng khong khi bén trong mot s6
hang dong Phong Nha - Ké Bang. Cac két qua

Hinh 7. M6i tuwong quan giita 5 C trong CO» va ham
lwong khi metan (CHy) trong long hang Phong Nha,
Thién Puong va Tién Son
phan tich va do dac tai chd d cho thiy birc
tranh chi tiét vé moi truong ciing nhu tac dong
cia con ngudi dén moi trudng hang dong &
day. Cac két qua cho thiy hang dong Phong
Nha - K¢ Bang c6 kha nang luu tich khi CO2 va
phan huy khi CHa4. Ngoai ra, dia hinh cta hang
dong quyét dinh nhiéu dén cac yéu td vé moi
truong bén trong long hang. Dé phat trién du
lich mot cach bén viing, can sur dung mot $6
bién phéap dé giam bot su tich tu khi CO> trong
long hang, dac bi¢t 12 & hang Tién Son. Bién
phap co thé 1a 1ap dat hé thong quat gio dé lam
ting dbi luu khong khi bén trong 1ong hang véi

khi quyén bén ngoai.

Loi cdm on

Nhom nghién ctu xin chan thanh cam on
Ban Quan 1y Vuon Qudc gia Phong Nha - Ké
Bang da hop tac cung khao sat véi nhom.
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