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MO PHONG PON GIAN HOA QUA TRINH TRAO POI CO, BIEN-KHI DUOI TAC

Tém tit

PONG CUA SAT

Bui Thi Ngoc Oanh, Nguyén Thi Bich’ Lai
Truong Pai hoc Khoa hoc Tu nhién, Pai hoc Quoc gia TP. HCM

Sat 1a mot trong cac nguyén to vi lugng gioi han nang suét so cip & cac vung
giau dinh dudng. Nguon st sdn c6 d6i vé6i thuc vat phit du trong nudc bién
c6 lién quan dén su hap thu cacbon dioxit (CO;) vao dai duong va su nha khi
CO; ra khoi dai duong di vao khi quyén. Trong gi6i han bai bdo nay, mb
phong qua trinh trao doi CO, di ngang qua mat phan cach bién—khi khi ¢o su
hién dién cua thong lugng sat do gi6 bang phan mém STELLA (phién ban
9.0.2). Két qua chu yéu phan tich 4p suét riéng pCO; trong khi quyén va bé
mat dai duong khi thay dbi thong luong sit do gi6é di vao bé mat dai duong.
Tir sy chénh 1éch 4p suét riéng pCO,, danh gid théng luong di ngang qua mat
phan cich CO, bién—khi.
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Abstract

L. MO DAU

Iron is one of trace elements causing the limit of the primary productivity in
eutrophic waters. The available iron for phytoplankton is related to the
uptake of carbon dioxide into the ocean and the release of carbon dioxide
back into the atmosphere. In term of this paper, the exchanged processes of
CO, across air-sea interface with the presence of aeolian flux of iron by
using STELLA software (version 9.0.2) was simulated. pCO, in atmosphere
and ocean surface when changing the aeolian iron flux put into the ocean
surface was analyzed. Consequently, the CO; flux across the air-sea interface
was calculated from the difference of the partial pressure of CO; in the
atmosphere and the ocean.

nha kinh nhu 13 hp thy khi (CO,, mé tan va
0z06n) tur khi quyén va cling la nguén cung

Su chuyén dong theo phuong thang dimg ¢
trong dai duong va khi quyén dién ra manh
mé& khi & gan bé mat giao dién bién-khi. Su
trao d6i khi qua mat phan cach c6 vai tro rat
quan trong dbi véi cac bé luu triv (factory)
trong dai dwong - khi quyén - vo trai dat,
riéng su thay ddi khi hau c6 tac dong mot
cach gian tiép dén cac quy luat trao doi khi
0 mat phan cach trong dai duong. Dai
duong nhu 13 ngudn tiéu thu cac chat khi
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cap khi nhu qué trinh thoat khi (CO,, DMS)
tir dai duong vao khi quyén (Susan, 2009).
Bén canh d6, dai dwong hap thu khoang
30% luwong CO, khi thai trong khi quyén c6
ngudn gde tir cac hoat dong ciia con nguoi
nhu ddt chay nhién liéu hoa thach, san xut
xi ming, st dung dit. Pai dwong hip thu
nguén khi CO; nay vao nudc lam éanh
huong dén can bang héa hoc trong nudc, cu
thé lam suy giam pH nudc bién va trang



thai bdo hoa ddi voi khoang cacbonat canxi
trong giai doan axit héa dai duong. Qua
thoi gian hang chuc niam, toc do hip thu
CO, trong dai duong thay d6i, diéu nay dan
dén su thay d6i bé chira CO, trong dai
duong va sy tic dong cua axit hoéa dai
duong c6 vai trd quan trong d6i v6i du bao
thay d6i khi hau va sy dap tng hé sinh thai
bién (Bates va cs., 2012). _Nhung hién nay
va trong thoi gian toi nong d6 CO2 khi
quyén van tiép tuc gia ting nhanh so voi su
dap ung cua dai duong. Diu nay lam cho
kha ning hap thu cua dai duong giam, dan
dén pH dai duong giam. Do d6, dai duong
can dugc gia ting luong sat dé kich thich
qua trinh quang hop cua tao va vi sinh vét &
gan bé mit nudc dé ting kha nang hép thu
CO, cuia dai duong tir khi quyén ddi véi cac
ving dinh dudng cao chlorophyll thap
(HNLC) nhu phan 16n dai duong phia nam,
vung phia dong Thai Binh Duong xich dao
va mot phén & Béc Thai Binh Duong (Cao
Long va Caldeira Ken, 2010). Trong pham
vi bai bdo, nhom tac gia chi dé cap dén mot
s6 két qua vé dp suét riéng phan CO, & khi

quyén, bé mit dai duong va thong luong
trao d6i CO, tai mat phan cach bién-khi khi
thay d6i théng luong sit do gié ¢ ving c6
chit dinh dudng cao, chlorophyll thap
(HNLC).

IL XAY DUNG MO HINH TRAO POI
BIEN - KHI BANG PHAN MEM
STELLA

1. Gi6i thiéu phin mém STELLA

STELLA 1a cong cu phan mém dé xay dyung
md hinh dong luc hé thdng. Md hinh nay
duoc viét trén hai hé diéu hanh Windows va
Macintosh, 1a hai giao di¢n than thién véi
nguoi st dung. M6 hinh cung cap cho
ngudi st dung bon thanh phan co ban: bé
chira, qud trinh, chuyén héa va mdi lién hé
dé xay dung md hinh dong luc hé théng
hoan chinh (Bang 1). Phin mém STELLA
duoc mg dung trong nhiéu linh vuc khic
nhau nhu: chu trinh vat chét, sinh thai - moi
truong, 6 nhiém ngudn nudc, bién doi khi
hau, quan 1y ngudn nudc,... (Deaton va cs.,
2000).

Bang 1. C4c thanh phan co ban trong phan mém STELLA (Deaton va cs., 2000)
Table 1. The basic components in the software STELLA (Deaton et al., 2000)

Tén

M0 ta

Biéu twong

Bé chtra

(Reservoirs) ven
theo thoi gian.

Thanh phén ciia hé thdng noi qud trinh tich
Ity lai va lugng chtra nay tang hoac gidm

Stock

flow

(Interrelationships)

thanh phan cta hé thdng.

Quad trinh Hoat dong ctia qud trinh nay nhim xéc dinh &

(Processess) gid tri bé chura theo thoi gian. ( )
Chuyén héa Pua ra toc d6 thay ddi qua trinh va bé chira. O
(Converters)

Mdi quan h¢ Xéc dinh nguyén nhin — hé qua gilra cac A

2. Mo hinh héa va lién két cic chu trinh
chinh

2.1. Mé hinh hoa

St dung phan mém STELLA dé xay dung
md hinh mot chiéu theo thoi gian, dé lién
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két céac chu trinh don gian cua cacbon, nitrat
(NO3) va sit lai voi nhau. Ddi v6i timg
chat riéng biét, dugc thiét 1ap theo so do
trong Hinh 1, v61 mo hinh 3 hdp ¢ tang
mat, tang day va tram tich. Pac biét doi voi




chu trinh cacbon, xét thém mdt hop trong
khi quyén dé mé ta qué trinh trao d6i CO,
tai mat phan cach bién-khi. Viéc bd sung
st truc tiép vao bé chua sit bé mat duoc
thé hién qua qua trinh chuyén tai sit do gio.
Ba chu trinh chinh cacbon, nitrat va sat
duoc lién két, chuyén hoa qua lai véi nhau
(Hinh 2a).

CO, khi quyén

M6 hinh tinh co ban cua cacbon (Hinh
2b), va tuong tu ddi v6i chu trinh cua nitrat
va st

Trong bai bao nay chi xét qua trinh lién
két giita cac module cta cacbon, nitrat va
sat 1a cac qué trinh ling dong vat chit hiru
co dang hat tir bé mat dai duong xudng ddy.
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Thénghrong trao doi Fe dogo
bitn khi
4 P
Bé chira bé mit: 1
Ct, Nitrat, Sat chin visi CaCOs
6 lin nite vi sit
" Qué trinh hinh
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(
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Khoang hoa

Tii khoang haa
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Tram tich

Hinh 1. So db téng quat mo hinh chu trinh cacbon, nitrat va st
Figure 1. The general diagram of cycle model of carbon, nitrate and iron
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Hinh 2a. Mdi lién h¢ giita cic m6 hinh bang phan mém STELLA
Figure 2a. The relationship between the models by software STELLA
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Hinh 2b. Module chu trinh cacbon bang phan mém STELLA
Figure 2b. Module of carbon cycle by software STELLA

2.2. Cac cong thiec chinh trong moé hinh
a. Cong thirc chung cho cdc bé chira

Phuong trinh mo ta cong thirc chung cho
cac bé chura trong toan mo hinh:

dA
T Ag + z Dong vao — Z Dong ra

voi:

A: bé chira ctia vat chat theo thoi gian;

Ap: bé chira cua vat chat tai thoi diém
ban daut=0;
b. Théng lwong trao doi khi qua mdt phdn
cach bien-khi

Théng luong trao d6i CO, qua mat phan
cach dugc tinh:

F=x(pco

7o

VOI:

- pCGZ nce;m)

2 atm
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pCOz atm: ap suat rleng phan CO; khi
quyén (atm); pCOz ocean: Ap Suét riéng phan

CO, bé mat bién; T : van tdc chuyen tai
hay hé s6 trao ddi khi (m/s); F: thong luong
chuyén tai CO, ngang qua mit phan céch
(mol/(m”.s)).

- Néu (pCO; aim — pCO2 ocean) tang 1én, thi
dong ting, tic luong CO, tir bé mat dai
duong thoét ra chiém wu thé.

- Néu (pCO2 um — PCO2 ocean) gidm thi
dong giam, trc qua trinh hap thu CO, tir khi
quyén vao dai duwong chiém uu thé.

- Néu (PCO2 atm — pCOz ocean) dao chiéu
thi dong ciing s& d4o chiéu. Giira hap thu va
thoat khi CO, ludén xay ra song song vdi
nhau nhung tuy vao mdi truong xung quanh
s& cho qud trinh nao chiém wu thé hon.



c. Cdc qud trinh ldng dong héa hoc, sinh
hoc, vat ly

- Ling dong hoa hoc (CaCO3): 1a hing
s6 ¢b dinh trong sudt thoi gian xem xét.

- Ling dong cacbon dang hat =
Part. NO3*C:NO3_Ratio

voi:
part_NO3: lugng nitrat ling dong dang
hat; C:NO3 ratio: theo ti 1€ Redfielf

(C:N=106:16). Tuong tu véi qua trinh ling
dong dang hat cua sit va nitrat.

- Téc do hap thu nitrat khi c6 anh hudng
cua sit (Vno3) (theo dinh luat Michaelis -
Menten)

Vyos = Vmax_N*Conc_of Surface Fe
/(Ks_FE+Conc_of_Surface_ Fe)

voi:

Vmax N: tbe  do hép thu cuc dai,
Conc_of_Surface Fe: ndng do cua sit trong
dai duong bé mit, ks Fe: tbe do hép thu
ban bao hoa khi VN03:1/2 Vmax'

- Qua trinh trdi va chim c6 cung téc do,
0 day gia su thong lugngg vat chat trdi 1én
bang véi thong lwong chim xudng dudi sau.

Cac cong thuc nay dung chung cho ca 3
module.
Upwelled_Carbon =
*Upwelling_Rate
Downwelled_Carbon= (Surface_Ct/100)
*Upwelling_Rate
voi:
upwelling_rate: tbc do troi 1én cua vat
chit = tdc d6 chim xuéng cuia vat chét

(Bottom_Ct/3400)

Con mot sd qua trinh khic nhu tai
khoang hoéa, chon viii vao tram tich dwoc
gia str v6i tée d6 c¢b dinh theo thoi gian.

3. S6 liéu dau vao cho cic bé chira va cdc
gia dinh cho m6 hinh

D6i vi mo hinh mo phong nay, céc gid tri
ban dau dugc dwa vao nhu trong Béang 2.
Vi céc gia dinh: ty 1¢ troi léng, do tan, van
tbc hap thu t (1 = 3e3), ty 16 C:N:Fe va
thong ké chat dinh dudng trong dai duong
12 hang s; qué trinh chon viii vat chat bang
1% thong lugng vat chat dén dai duong sau.
Céac s6 liéu ban dau cho cac bé chira dugc
ldy theo cong trinh ctia Broecker va Peng
(Ruth, 2002).

Bang 2. S6 liéu dau vao cho céc bé chlra trong md hinh
Table 2. The input data for reservoirs in the model

Module cacbon Module nito Module sit
.5 | [CO,l: 10,9 pM/m®
Khiquyén | 00,: 344,94 (ppm)
Bé mit 219 (mol/100 m?) 1,2 (mol/100 m®) | 2,6E-6 (mol/100 m®)
Dy 7.854 (mol/3.400 m°) 102 mol/3.400 m® | 4,08E-6 (mol/3.400 m?)
Tram tich | 0.44 (mol/m®) 0,07 (mol/m®) 0 (mol/m’)

III. KET QUA VA NHAN XET

Trong gi6i han bai bdo xét sy thay doi ctia
thong luong sit do gié ban dau di vio md
hinh ¢6 anh hudng nhu thé nao dén su trao
ddi khi & mat phan cach, ap suit riéng pCO»
trong khi quyén va bé mit dai duong c6 xu
huéng nhu thé nao khi thay ddi cac truong
hop sau:
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- Truong hop 1: chay mé phong khi
khong c6 anh hudng ctua thong luong sat do
gi6 vao mo hinh.

- Truong hop 2: chay mé6 phong voi sd
liéu dau vao, c6 thong lugng sat do gio 1a
2.048835e-7 mol/100 m”.

- Truong hop 3: chay mo phong khi tang
thong luong sat do gi6 1én 2 lan, 4 lan, 8 lan
va 16 lan so voi thong lugng sat ban dau.



Thoi gian m6 phong la 3.000 ndm dé xét
su bién ddi cia CO; c6 dat trang thai can
bang méi hay van tiép tuc thay ddi véi diéu
kién dang xét.

1. Truong hop 1: Khong ¢6 anh huong
cia thong lugng sat do gio

Khi khong co thong luong sat do gio két
qua cho thdy, ndng do CO, trong dai duong
bé mit (353.39 ppm) cao hon so voi nong
d6 CO, trong khi quyén (349 ppm) tai t = 3

nim. Va sau hon 1.000 nam, thi ap suét
riéng CO, giita bé mat va khi quyén dat cén
bang (353.28 ppm). Thong luong trao doi
khi (Air-sea Exchange) & trong khoang thoi
gian t = 3 nam, thong luong trao ddi khi
giam hay dai duong hap thy CO, va sau d6
thong lugng nay c6 xu hudng tang (Hinh 3)
tuc la dai duong thoat khi gidm tur tir va dat
trang thai can bang.

Bién déi pCO2 va théng lwong trao doi
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Hinh 3. Bién d6i thong luong trao ddi va dp suat riéng phan CO, bé mit va khi quyén khi khong co
thong lugng sat do gié
Figure 3. The change of exchanged flux and pCO, at ocean surface and atmosphere without
presence of the aeolian iron flux

2. Truong hop 2: Thong lwong sit do gi6
theo so0 li€u dau vao

Vé6i thong luong sit do gié ban dau la
2.048835e-7 mol/100 m’, két qua cho théy
4p suit riéng phan CO, (pCOz) khi quyén
va bé mit déu “tang. Tai t = 3.000 nam, ca
pCO, khi quyén va bé mit déu dat 349.36
ppm, gia tri nay thap hon khoang 4 ppm so
voi trong truong hop 1 va dat trang thai can
bang dong giita bé mat va khi quyén. Thong
luong trao d6i CO, trong khoang thoi gian
chay md hinh tang, tuc la dai duong c6 xu
huéng thodt khi CO, ra khi quyén dé dat
trang thdi cén bang dong moi (Hinh 4).
Trong truong hop 2, 16 rang ta thay sau khi
c¢6 sy hién dién cua sit tai thot diém ban
dau, di gop phan l1am giam ndéng d6 CO, &
bé mit va trong khi quyén. Do khi c6 su
hién dién cua sat da kich thich gia ting qua
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trinh quang hop cua sinh vat trong dai
dwong nén nong do CO, trong dai dwong
giam, lam tang thong luong khi duoc dai
dwong hap thy, giup 1am giam nong do CO,
khi quyén.

3. Truomg hop 3: Ting thong lweng sit
do gi6

3.1. OA'p sudt riéng phan CO, trong khi
quyén

Khi tang thong luong sat do gio, ’két qua
duogc bicu hién trong Hinh 5, cho théy'

- Tang thong lugng Fe do gi6 gap 2 lan
(dudng 2) so v6i ban diu, dp suét riéng
pCO, khi quyén ting cham. Tai thoi diém t
= 3.000 nim, pCO, khi quyén giam 1,54
ppm so voi truong hop gitr nguyén Fe ban
dau (duong 1).



- Tang thong luong sat 1én 4 1an (duong
3) thi pCO, khi quyén bién dbi rat nho.
Nhung néu so voi duong 1 thi pCO, giam
dang ké, giam 4,25 ppm tai t = 3.000 nam.

- Khi tang Fe 1én 8 lan (dudng 4) va 16
lan (duong 5) so v6i ban dau: pCO, khi
quyén giam.

Két qua tir mo hinh cho thdy, viéc ting
thong luong Fe do gié 1am giam &p suat
riéng phan CO, khi quyén thong qua qué
trinh hp thu CO, vao dai duong. Trong md

hinh, qud trinh hip thu nay chu yéu dya vio
qué trinh quang hop cua sinh vat ty dudng
trong dai dwong. Ap suét rieng pCO, khi
quyén tai t = 3.000 nam lan luot 1a: 349,38
ppm, 347,84 ppm, 345,13 ppm, 340,68
ppm, va 334,41 ppm.

Su chénh léch 4p suét riéng CO, khi
quyén tai 750 nam va 3.000 nim véi thoi
diém t=0 12 khong nhidu. Do pCO, khi
quyén di dan dat trang thdi cin bang véi
pCO; bé mit.
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Hinh 4. Bién d6i thong luong trao d6i va ap suét riéng phan CO, bé mit voi thong luong sit do gio
ban dau trong 50 nim dau
Figure 4. The change of exchanged flux and pCO, at ocean surface with presence of the aeolian
iron flux in the first 50 years
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Figure 5. The change of pCO, at atmosphere when changing the aeolian iron flux

47



3.2. Ap sudt riéng phan CO; bé mdt

Nhin chung, khi tang thong lugng sit do gié
di lam giam pCO, bé miat (Hinh 6) va
nhanh chéng dat trang thdi cin bang dong
trong khoang 10 niam. Do pCO, bé mit phy
thudc vao néng dd cacbon vd co bé mit
(nébng d6 cia ting tiéu  phdn
(CO (2 (aq)).H,2 CO,3,HCO,3"-,Co,;3T2-)) )
va voi nhiéu yéu t6 khdc nhu nhiét do, do
mudi, do tan...vd mdi tuong tic qua lai
gita bé mit bién va khi quyen

Khi ting thong lugng st do gi6 1én lam
tang kha nang quang hop cua thue vt noi,
tire 1a cacbon v co bé mat giam va dan dén
mot lugng CO, to khi quyén duoc dai
dwong hap thy va tao ra dang hop chat dang
hat lo lung. Lic nay, khi lugng CO, dai

duong giam dan dén truong hop: khi CO,
tir khi quyén duoc hip thu vao dai dwong,
hay 1a sy doi chiéu phan tng trong phan
mg thuan nghich cia cdc axit yéu, theo
chiéu 1am tang néng do CO, (dinh luat Le
Chatelier’s). Do d6, pCO, bé mit da giam
nhanh trong thoi gian dau khi ma van tdc
hép thu NO; 16n nhét (toc qué trinh quang
hop manh), ndong d6 CO, giam nhanh va
chua kip tr& lai trang thdi cAn bang. Day
chinh 12 1y do 1am pCO, c¢6 nhiéu bién ddi
trong khoang thoi gian ddu chay mé hinh
(Hinh 6). Ap suét riéng pCO, bé mat tai t =
3.000 nam lan luot 1a: 347,84 ppm, 345,13
ppm, 345,13 ppm, 340,68 ppm, 334,41
ppm.
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Hinh 6. Sy bién d6i 4p suét riéng phan CO, bé mit khi thay ddi thong lugng Fe do gié téc dong
Figure 6. The change of pCO, at ocean surface when changing the aeolian iron flux

4. Thong lweng trao déi bién khi

Sy trao d6i dong CO, giita bién - khi hay
dong khuéch tan phu thudc vao van tdc hip
thu 7, 4p sudt riéng phan CO, khi quyén va
bién (Doan Bo, 2001) Su bién d6i ap suét
riéng phan CO, bién khi trong truong hop
nay xét dén su thay doi théng luong sit do
gid o bé mit dai duong.

Trong khoang t = 0,4 nadm, thong luong
trao doi bién khi déu tang, tc qud trinh
thodt khi chiém uu thé, cho tat ca trudng
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hop tang thong lugng sat do gi6 duge xét
trong md hinh. Két qua cu thé duoc trinh
bay trong Bang 3, Hinh 7 v6i thoi gian mo
phong dai dé thidy xu huéng dién bién
(t=1.500 nam) va hinh 8 voi1 thoi gian mo
phong ngin dé xét sy bién dong thong
luong CO, tai thoi diém sau khi ting thong
luong sét (t=10 nam).

Vé xu thé bién d6i thong luong CO,, ta
thiy déu c6 qué trinh hip thu va nha khi
CO, trong 5 truong hop thay ddi thong
luong sit do gié. Nhin chung, sau gan 3.000



thong lugng CO, thoat ra khoi dai duong di

nam thong lugng CO; hoi ty, luc nay thong 7
vao khi quyén (Hinh 7).

lwong hip thu CO, vao dai dwong bang voi
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Figure 7. The process of air-sea exchange when the aeolian iron flux is changed in 1,500 years
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Figure 8. The process of air-sea exchange when the aeolian iron flux is changed in 10 years

Bang 3. Nhitng khoang thoi gian bién dong ciia thong lugng trao d6i bién-khi
Table 3. Duration of variation of air-sea exchange flux

Thong lwgng Khoang thoi gian Xu hwéng bién déi Pai dwong
Fe do gié so bién dong (nim) thong lwong CO, hap thu hay thoat khi
v6i ban dau
Ting 1 lin t=(0,4;5,5) Giam Hap thu chiém wu thé
t=(5,5; 3.000) Tang Thoat khi chiém wu thé
Tang 2 lan t=(0,4;5,7) Giam Hap thu chiém uu thé
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t = (5,7; 3.000) Ting Thodt khi chiém wu thé
Ting 4 Tin t=(0,4;74) Giam Hap thy chiém wu thé
t=(7,4; 3.000) Tang Thoat khi chiém wu thé
Ting 8 lin t=(0; 0,6) Ting Thodt khi chiém wu thé
t = (0,6; 3.000) Gidm Hap thu chiém uu thé
Ting 161 An t=(0; 4,8) Tang Thoat khi chiém uu thé'
t = (4,8; 3.000) Giam Hap thy chiém wu thé

Méi lién hé giita cdc hop chat C, N va Fe
vao hat vat chit duoc thé hién boi qua trinh
chuyén cacbon tir khi quyén va bé mit dai
duong di vao vung dai duong sau. Bén canh
d6, mbi lién hé nay dugc thé hién boi ham
ctia ndng do cua cic chat dinh dudng chinh
trong thuc vat 1a N va Fe. Khi c6 su thay
ddi trong ty 1€ C:N:Fe trong vat li¢u dang
hat hay hip thu hoan toan nitrat thi ham s
trong md hinh khong thay doi, nd chi thay
dbdi su tich lily CO, trong khi quyén va bé
mat dai duong (Ruth, 2002). Trong vung
HNLC véi ndéng d6 sit bé mat khong du so
v6i chét dinh dudng c6 trong vung, két qua
cho dap sut riéng phan pCO, be mat va khi
quyen déu tang. Khi tang nguon cung cap
sat vao vung HNLC dé tang kha nang tong
hop chét dinh dudng ¢ sinh vt quang tu
dudng.

Két qua mo6 phong cho thiy, pCO, cua
ca khi quyén va bé mit déu giam. Két qua
pCO, khi quyén va bé mit c6 chénh léch va
thong luong trao ddi gilta bé mat va khi
quyén dién ra manh hon. Nhin chung, khi
tang thong luong Fe do gio thi kéo theo qua
trinh hap thu CO; ciling tang va lam giam
thiéu khi CO, t6n tai trong khi quyén.

Két qua mo hinh chi mang tinh dinh tinh,
nhim mé phong qua trinh trao d6i khi ¢
mat phan cach bién-khi. Bén canh do, xem
x6t qua trinh hdp thu va nha khi coa dai
duong c6 phu thudc nhu thé nao khi co sy
hién dién va tang cudong thong luong sit do
gi6. Trong thoi gian tiép theo, nhom tac gia
s€ thu thap thém dir lidu thong lugng CO;
dwa vao pCO, khi quyén va pCO, dai
duong dé so sanh mot cach twong d6i vé do
16n cua thong luong trao doi nay.
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Loi cam on: T4p thé tac gia xin chan thanh
cam on tac gia Wallace S. Broecker va
Tsung-Hung Peng d3 cung cip dir lidu cho
bai bdo nay. Bén canh d6, xin chan thanh
cam on by mon Hai Duong, Khi tuong va
Thay van, Truong Pai hoc Khoa hoc Ty
nhién da tao moi diéu kién trong qua trinh
thyc hién cling nhu cé nhiing dong gop v
kién, dong vién khich 18 trong qua trinh
hoan thién bai bao.
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