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Tom tat:

Ciprofloxacin (CIP) la mot logi khdng sinh fluoroquinolone thé hé thi ba da dvgc phdt hién nhiéu ldn trong phdn
gia siic, ddt va nuéc... Du lugng CIP di vao co thé con nguoi théng qua chubi thiic dan va sit dung nguon nuéc bi 6
nhiém. Do vdy, viéc logi bé CIP khéi nguén nuéc luén dugc xem la quan trong va cdp thiét. Muc dich nghién ciiu
nhdm tong hgp than sinh hoc cé nguén goc tii rong bién bing phuong phdp cdc-bon héa thiy nhiét két hgp hoat héa
héa hoc ZnCl, (CHTN-ZnCl,) dé hdp phu logi bo CIP trong nudc. Két qud bé mdt than sinh hoc da hoat héa xudt
hién da dang cdc nhém chiic bé mdt. Cdc thi nghiém hdp phu dugc tién hanh bang cdch sii dung 2 mg CHTN-ZnCl,
trong 40 mL dung dich goc chita 6 nong dé CIP (5-30 mg-L*) trong ong ly tdm 50 mL. Théng qua cdc thi nghiém
ddng nhiét va dong hoc hdp phu, vt liéu cho khd ndng loai bé CIP viigt troi (384,6 mg-g ). Nhin chung, tim quan
trong ciia than sinh hoc tii rong bién da chiing t6 la chdt hdp phu mdi va hiéu qud trong viéc logi bé chdt 6 nhiém.
Tii khéa: Than sinh hoc, rong bién, hdp phu, cdc-bon héa thily nhiét, ZnClz, Ciprofloxacin (CIP).

Ngay nhdn bai: 2/1/2024; Ngay svia chita: 5/2/2024; Ngay duyét ddang: 12/3/2024

Assessment of ciprofloxacin adsorption capacity in water
using seaweed-derived biochar prepared via hydrothermal

carbonization and Zn(l, activation
Abstract:

Ciprofloxacin (CIP) is a third-generation fluoroquinolone antibiotic that has been repeatedly detected in
livestock manure, soil and water... CIP residues enter the human body through the food chain and the use
of contaminated water sources. Thus, removing CIP from water sources is always considered important
and urgent. This study aims to synthesize biochar named CHTN-ZnCl, derived from seaweed through
hydrothermal carbonization coupling with ZnCl, chemical activation to remove CIP from water. The results
showed that the activated biochar surface has a variety of surface functional groups. Batch adsorption
experiments were conducted using 2 mg of CHTN-ZnCl, in a 40 mL stock solution containing six different
CIP concentrations (5 - 30 mg-L") in 50 mL centrifuge tubes. Through isothermal and adsorption kinetic
experiments, the material revealed outstanding CIP removal capacity (384.6 mg-g™'). Overall, seaweed
biochars' importance has demonstrated a novel and effective adsorbent for pollutant removal.

Keywords: Biochar, seaweed, adsorption, hydrothermal carbonization, ZnCl,, Ciprofloxacin (CIP).

JEL Classifications: Q54, Q53, Q57.

1. DAT VAN DE giong cac gen khang khang sinh [1, 2]. Ciprofloxacin (CIP),
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Vi su phat trién ctia cong nghé y té, khéng sinh ngay
cang dugc st dung rong réi dé€ cai thién muic do chdm séc stic
khoe va phat trién chan nudi gia sic, gia cAm. Tuy nhién, do
nhiing anh hudng bét 1¢i tiém 4n cta du lugng khang sinh,
chiing da gay ra cac van d€ nghiém trong vé stic khoe va moi
trudng bao gobm su pha v& hé thdng mién dich ctia con ngudi,
tac dong dén cau tric quan xa thiy sinh, hinh thanh va nhan
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mot loai khang sinh fluoroquinolone thé hé thi ba, da dugc
phat hién nhiéu lan trong phan gia sdc, dat va nudc nhu mot
trong nhiing chét kht triing phd bién nhat vi tinh 6n dinh va
tac dung chong vi sinh vét gay bénh hiéu qua [3]. Du lugng
CIP di vao co thé con ngudi thong qua chudi thiic an va st
dung ngudn nudce bi 6 nhiém. Do véy; viéc loai bo CIP khoi
nguodn nude ludn dugc xem la quan trong va cip thiét.



Nhiéu cong nghé hip phu [4], loc mang [5], qua trinh
oxy hoéa nang cao [6] va phan hity sinh hoc [7] da dugc phat
trién dé€ loai bo CIP khoi nudc. Trong d6, hdp phu duge
xem la mét cong nghé ddy hia hen do c6 nhiéu uvu diém
nhu hiéu qua cao, chi phi thdp va don gian. Trong s6 tat
ca cac loai chit hdp phy, than sinh hoc dugc déc trung bsi
dién tich bé mit riéng 16n, do x6p phat trién va nguyén liéu
thd phd bién. Do dd, n6 dugc biét dén la chat hip phu trién
vong cho viéc loai bo chit gay 6 nhiém nudc [8, 9] va da thu
dugc su chu y trong linh vuc xti ly nudc thai.

Hau hét cic nghién ctiu bién déi than sinh hoc tit mot
trong cic phuong phdp sau: nhiét phan, cic-bon hda thuy
nhiét, cic-bon héa vi séng... Tuy nhién, c6 rit it nghién
ctiu vé bién tinh than sinh hoc tit cac phuong phap két hop.
Nghién ctiu nay sé két hgp hai phuong phép: cic-bon héa
thtty nhiét va nhiét phan d€ bién tinh than sinh hoc. Qua trinh
cc-bon hoa thity nhiét dé cip dén qua trinh tdng hgp cac san
phdm giau cac-bon st dung nudc lam méi truong phan ting
trong 10 cac-bon hoa thtty nhiét co khi ¢6 canh khudy [10]
véi nhiét do phan ting thdp (180 - 280°C) va ap sudt khoang
2 - 10 MPa. biéu d6 tranh dugc anh hudng ctia ham lugng nudc
trong nguyén liéu tho, dong thoi tiéu thu it nang lugng hon va
gidi phong CO, nhiéu hon [11]. Hon niia, s6 lugng nhom chiic
tédng 1én trén bé mat than sinh hoc 13 sy khéc biét dang ké gita vat
liéu tli cac-bon hda thiy nhiét va cac vat liéu cac-bon khac [12].
Céc-bon hda thity nhiét da tré thanh mot phuong phap hiéu qua
dé diéu ché than sinh hoc véi cac dac tinh thuan lgi [13]. ZnCl,
cang la chét hoa hoc dugce st dung gén déay dé hoat héa than
sinh hoc. O nhiét do cao 450°C, khi Clo thoét ra tit su phén
htly ZnCl, sé lam gia ting kich thudc 16 rong, gop phéan ting
dién tich bé mat cta than sinh hoc.

Rong bién 13 nhom thuc vat bac thdp séng & viing ven
bién. Déy la mét trong nhiing nguon tai nguyén quan trong
cta kinh té bién vi c6 thé ding lam nguyén liéu dé tach
chiét dugc nhiéu loai hgp chat agar, alginate. .. phuc vu cac
nganh cong nghiép my phdm, dugc phdm. Ngoai ra, rong
bién c6 thé hip thu nhanh céc chit 6 nhiém, gép phan cai
tao moi trudng bién. Rong luc Chaetomorpha sp. la mot
trong nhiing loai nguyén liéu c6 nguodn protein, khoang
chét va xen-lu-16-zo cao, dugc xem la thich hgp lam nguyén
liéu ché tao than sinh hoc. Pong thoi, Chaetomorpha sp. c6
d6 4m cao, thuan lgi cho qua trinh bién ddi thity nhiét.

Trong nghién ctiu nay, sy két hgp gitia hai phuong phéap
cdc-bon hoa thiiy nhiét va hoat héa kém clorua (ZnCl,) [13,
14] da dugc thit nghiém dé€ tang cudng cac dac tinh hoa ly
ctia than sinh hoc tii rong bién Chaetomorpha sp. nhdm cai
thién kha néng hép phu chit 6 nhiém. Ngoai ra, cac dudng
dang nhiét hap phu va dong hoc hdp phu dugc stt dung dé
kham pha qua trinh hap phu CIP ctia than sinh hoc.

2. VAT LIEU VA PHUGONG PHAP

2.1. Héa chdt
Cac hoa chit dugc st dung, bao gom 1a CIP (d6 tinh
khiét 99,9%), metanol (d0 tinh khiét > 99,9% HPLC),
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acetonitril (d¢ tinh khiét > 99,9% HPLC) dudc cung cép
bdi Merck &Co., Inc. (Kenilworth, N.J. USA). pH dung
dich dugc diéu chinh bang NaOH 0,1N va HNO, 0,1N. Tat
ca cac dung dich dugc chudn bi bang nudc siéu tinh khiét
deionized (nudc DI) (18,2 MQ cm™). Nhiing hoa chat khac
dugc st dung déu dugc mua tii Showa Chemical Industry
Co. Ltd, Japan.

2.2. Diéu ché than sinh hoc

Rong bién Chaetomorpha sp. dugc thu thap doc theo
bai bién & tinh Ba Ria - Viing Tau. N6 dugc lam sach bang
nudéc khii ion (nudc DI) nhiéu 1an va sdy kho & 60 °C trong
24 h. Sau d6, rong bién dugc nghién va sang thanh hat cé
duong kinh 500 pm.

[ 8-

A Hinh 1. Thiét bj
thity nhiét sii dung
trong nghién ciiu

Qua trinh dugc thuc hién dya trén nghién ctiu trude
day ctia Nguyen va cong su [15]. Trong do, than sinh hoc
dugc diéu ché dung qua trinh cdc-bon héa thity nhiét trong
cung diéu kién néu trén [16]. Quy trinh diéu ché chi tiét
than sinh hoc dugc diéu ché thong qua qua trinh cic-bon
hoa thiy nhiét va hoat héa ZnCl, (CHTN-ZnCl,) nhu sau:
Chaetomorpha sp. dugc hoat hoa bang cach ngam 10 g
rong bién da nghién v6i 400 mL nudc DI trong 16 phan ting
téng hop thuy nhiét khudy co khi dung tich 1 L, ap sut t6i
da 10 MPa. Su hoat hoa dugc thuc hién 6 180°C, t6¢ do 150
rpm va thdi gian 6 h (Hinh 1). Sau d6, hén hgp dugce loc
qua mang loc 0,22 um, dua vao tl sdy 6 nhiét d¢ 65°C trong
6 h (CHTN). 2 g CHTN dugc ngam tdm véi 6g kém clorua
(ZnCl,) trong 20 mL nud6c DI (ty 1¢ CHTN véi ZnCl, =
1:3). Sau khi lac trong 2 h véi t6¢ do ldc 150 rpm, hén hop
dugc sdy kho ¢ 105°C trong ta sdy 24 h. Sau d6, mau dugc
ddt vao 16 nung dang 6ng dé nhiét phan & 700°C, t6¢ d6 gia
nhiét 10°C-min’', thoi gian giti nhiét 120 min trong moi
truong nito tinh khiét & t6c do dong 100 mL-min™'. K& tiép,
dé loai bo cic thanh phan chit bdn bdm trén bé mit, sin
phdm than sinh hoc dugc xt Iy bang cach rtia bang hon
hgp HCI 2M r6i dua vao thiét bi ngung héi luu & nhiét do
65°C va khudy trong 6 h bing mdy khudy tii tdc do 1000
rpm, sau d6 dugc rtia nhiéu lan bang nudc DI cho dén khi
loai bo hét axit du. Cu6i cling, vat liéu dugc cho vao ta siy
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& nhiét d6 60°C trong 6 h va bao quan trong binh hut &m
cho dén khi st dung.

2.3. Ddc tinh ctia than sinh hoc

Dién thé Zeta cta vat liéu dugc xac dinh bsi Malvern
Zetasizer (Nano ZS90, ZEN350, UK). Thé zeta cta vit liéu
dugc thyc hién ngay sau khi diéu chinh pH bang NaOH
(0,1 N) va HNO, (0,1 N). Cac nhém chtic ctia than sinh
hoc dugc xdc dinh bang mdy quang phd FTIR (Nicolet
iN10, Thermo Scientific, German) véi phé ghi dugc tu
4000 cm! dén 500 cm.

2.4. Thi nghiém hdp phy

Céc thi nghiém hép phu hang loat dugc tién hanh béng
céch st dung 2 mg CHTN-ZnCl, trong 40 mL dung dich
goc chuia 6 nong do CIP khac nhau (5 - 30 mg-L") trong
ong ly tim 50 mL. NaNO, (0,01 M) dugc st dung lam chat
dién phén ho trg. Tat ca cac mau dugc lic trong may lac
& toc d6 150 rpm va 25°C trong 12 h dé thuc hién cac thi
nghiém hép phu can bang. Pai véi cac thi nghiém dong
hoc hdp phuy, phin dung dich dugc 14y mau l4n lugt la 5
min, 15 min, 30 min, 1 h, 2 h, 3 h, 4 h, 8 h, 12 h. Tai thoi
diém hdp phu cu thé, tic 1a 12 h d€ can bing, 1 mL dung
dich dugc 14y mau béng dng tiém va loc qua b loc 0,22-
pm dé€ thu dung dich loc sau hdp phu va phén tich ndng do
CIP con lai. CIP dugc xac dinh bang cach st dung HPLC
(Agilent 1200) dugc trang bi cot C18 (50 mm X 4,6 mm X
5 um) véi pha déng 70:30 (v:v) dung dich axit formic 0.1%
- metanol.

Kha néng hap phu CIP dugc tinh todn theo cong thiic sau:

(CO - Ce) xV
w

Trong d6, 9e (mg-g!) la lugng CIP dugc hap phu bai
than sinh hoc, Co (mg-L") 1a néng d¢ ban dau cua CIP, Ce
(mg-L") la néng d6 cin béng cta CIP, V (L) 1a thé tich dung
dich phan ting, va W(g) la liéu lugng ctia than sinh hoc.

Pong hoc hép phu duge ddc trung bdi cac moé hinh
dong hoc: moé hinh Pseudo-first-order, m6 hinh Pseudo-
second-order. M6 hinh Pseudo-first-order dugc mo ta nhu
sau [17]:

de =

In(q, — q) = Inq, — k;t

MO hinh Pseudo-second-order dugc thé hién nhu sau:
t 1 + t
qc  qzks Qe
Trong d6, k, (min™) va k, (g:mg"'.min") Ia hang s6 t6c
do can bang Pesudo-first-order va Pseudo-second-order, t
la thoi gian tiép xuc (min). g va qe 1an lugt 1a lugng CIP bi
hap phu trén mét don vi khéi lugng cia CHTN-ZnCl, tai
thai diém t va trang thai cAn bang (mg-g™).
Dii liéu hép phu can bing dugc trang bi bdi cic dudng
déng nhiét hdp phu: Langmuir va Freundlich. M6 hinh
Langmuir dugc mo6 ta nhu sau [18]:

— Qmax KL Ce
9 =711k,c,
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Trong do: ge 1a kha nang hip phu cin bang cta CIP
(mg-g"), qmax la kha nang hép phu don 16p t6i da (mg-g),
K, la hang s6 Langmuir (L-mg"), va Ce la trang théi can
bang néng do CIP (mg-L").

M0 hinh Freundlich dugc mé ta nhu sau [19]:

qe = Kp X C¢'

Trong d6: qe 1a kha ning hip phu can bing ctia CIP
(mg-g"), n la h¢ s6 khong dong nhit bé mit, K, 1a hing
s6 Freundlich (mg-g"')(mg-L*)n) va Ce la ndng d6 CIP can
bang (mg-L").

3. KET QUA VA THAO LUAN

3.1. Ddc tinh ctia than sinh hoc

Phé FTIR cho thdy dang hip phu ddc trung cua
CHTN-ZnCl, & 3612 cm™ (hgp chét hydroxyl), 2910 cm™
(nhém metyl), 1505 cm™ (vong phenol), 1433 cm™ (vong
thom), 1030 cm™ (nhém C-O-C), 818 cm™ (C-H), 720 cm!
(N-H), 695 cm™ (lién két C-S) (Hinh 2 (a)). Két qua FTIR
chi ra rdng céc vét liéu dugc ché tao c6 chda nhiéu nhom
chic, ¢ thé ting cuong dang ké s6 lugng vi tri hoat ddng
trén bé mit va céi thién hon nita kha nang hap phu.
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Hinh 2. (a) Ph6 FTTR va (b) thé zeta ctia CHTN-
ZnCl,

biém dién tich bang khong (szpc) dugc st dung dé
mo ta trang thai dién ctia bé mat chat hip phu trong dung
dich. Nhu dugc hién thi trong Hinh 2 (b), pHch cia CHTN-
ZnCl, dugc xac dinh 1a 9,3. Pi€ém pH,  ctia CHTN-ZnCl,
ndm & vi tri pH cao chiing to sau qua trinh hoat héa véi
ZnCl, dalam cho bé mat than sinh hoc CHTN-ZnCl, chiia
it nhém axit va nhiéu nhém bazo.

3.2. Puong dang nhiét hap phu

Dé nghién citu ddc tinh phan tng cta chat hdp phu va
chét bi hdp phy, dudng dang nhiét hip phu dugc st dung.
Qua quan sat cho thiy dung lugng hdp phu ting nhanh
trong khoang néng d¢ thép, sau d6 ting dan cho dén khi
dat kha ning cin bing hip phu cao nhat. Trong nghién ctiu
nay, cac dudng dang nhiét hip phu CIP trén CHTN-ZnCl,
dugc phan tich hoi quy béng cach st dung céc loai mo6 hinh
hip phu Langmuir va Freundlich. Puong ding nhiét hip
phu va hé s6 tuong quan dugc trinh bay & Hinh 3.
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Bang 1. Cac hé s6 dang nhiét hdp phu thu dugc ti
md hinh Langmuir va Freundlich.

Langmui Freundlich
Gm ‘ Ky ‘ R Ke ‘ n ‘ R
3846 | 1,30 | 09918 187,80 | 2,80 | 09114

Két qua dat dugc cho thdy s6 liéu hdp phu cua CIP trén
CHTN-ZnCl, pht hgp t6t vé6i cd hai m6 hinh Langmuir (R,
= 0,9918) va Freundlich (R? = 0,9114) (Bang 1). So v6i mo
hinh Freundlich, m6 hinh Langmuir mo ta t6t hon trang
thdi ctia CIP trén CHTN-ZnCl, v6i hé s6 tuong quan cao,
chi ra rdng hanh vi hip phu quan st dugc chu yéu 1a loai
don16p. Sau khi kich hoat ZnCl,, kha ning hdp phu ctia than
sinh hoc d6i véi CIP dugc cai thién ding ké va kha nang
hép phu t6i da cé thé dat t6i 384,6 mg-g, diéu nay cho thiy
CHTN-ZnCl, ¢6 thé dugc st dung lam chat hap phy hitu
hiéu d€ loai bo CIP khoi méi trudng nude. Tit do, chiing
t6 riang su két hop gitia hoat hoa cic-bon hoa thuy nhiét va
ZnCl, la phuong phap hiéu qua d€ nang cao hiéu suit hap
phu ctia than sinh hoc trong viéc loai bo khang sinh.

S¢ di viéc bién tinh ZnCl, gitp cdi thién hi¢u suat hap
phu CIP cao vi khi nung hén hgp vat liéu va ZnCl, & nhiét
d6 cao sé xay ra cac qua trinh: 0] khodng nhiét d6 400-
500°C thi ZnCl, bét ddu lam thay déi cdu trac dinh hinh
ctia cac-bon. O nhiét do trén 500°C, ZnCl, bi phan hay
thanh Zn va khi CL,. Sy bay hoi ctia khi Cl, sé lam gia ting
16 rbng va dién tich bé mit ctia than sinh hoc. Qua do, cai
thién kha nang hdp phu CIP cua than sinh hoc [15].

So véi cac loai than sinh hoc khac da dugc ting dung
déloai bo CIP khoi dung dich nudc, than sinh hoc tii rong
bién hinh thanh béng phuong phap két hgp cdc-bon hoa
thtiy nhiét va hoat héa ZnCl, cho thdy hi¢u qua hap phu
t6t hon. Cu thé, than sinh hoc dugc diéu ché tit 14 tra bang
cach nhiét phan & 450°C cho kha nang hép phu CIP t6i da
la 238,1 mg-g* [3]. Huang va cOng su ding phéan thé nung
6 700°C hinh thanh than sinh hoc chi cho kha ning loai bo
CIP trong nudc la 70,17 mg-g' [16]. Vi kha nang hap phu
cao so vdi cdc loai than sinh hoc truéc day, CHTN-ZnCl,
goiy mot loai vat liéu cé tiém nédng cao trong tuong lai.

3.3. Déng hoc hdp phu

Hinh 4 thé hién dudng cong dong hoc hip phu cta
CIP trén CHTN-ZnCL,. Qud trinh hdp phu nhanh xay ra
6 giai doan hdp phu ban dau, sau d6 1a qua trinh hap phu
chim hon va dat dén trang thai can béng sau 4 h. Khi thoi
gian hép phu dat 12 h, cac gia tri q. la 375,6 mg.g". Cac
tham s6 phit hgp v6i moé hinh déng hoc Pseudo-first-order
va Pseudo-second-order dugc ldy ti phuong trinh hoi
quy tuyén tinh (Bang 2). Két qua cho thdy cic hé s6 k, va
k, ctia hai m6 hinh kha cao, c¢6 thé ndi rdng, hai mé hinh
nay mo ta tot s6 liéu thuc nghiém. Gia tri R’ ctia mé hinh
Pseudo-second-order cao hon so v6i mé hinh Pseudo-
first-order, cho thdy moé hinh Pseudo-second-order phu
hgp hon d€ mo ta hanh vi hédp phy cia CHTN-ZnClL,. Do
mo hinh dong hoc Pseudo-second-order bao gébm khuéch
tan mang chét long, khuéch tan hat va hdp phu bé mét nén
né thé hién co ché hip phu day du va chinh xic hon so
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v6i mo hinh Pseudo-first-order. Ngoai ra, m6 hinh Pseudo-
second-order xac nhén rdng qua trinh hdp phu héa hoc chi
phéi dong hoc hdp phu cta CIP trén CHTN-ZnCl,.

Bang 2. Cac hé s6 dong hoc hap phu thu dugc ti mo
hinh Pseudo-first-order va Pseudo-second-order.

Pseudo-first-order Pseudo-second-order

qe K, R qe K, R
3437 0,22 0,9198 359,7 0,0009 0,9714
400 | -
L
350 b B ..ot s
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o — Pasude - firsl order
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g 200 .
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Hinh 4. Bong hoc hdp phu cia Ciprofloxacin trén
CHTN-ZnCl,
4. KET LUAN VA KIEN NGHI

Phuong phap két hgp cac-bon héa thiy nhiét véi hoat
héa ZnCl, dugc 4p dung dé tong hgp than sinh hoc CHTN-
ZnCl, méi tli rong bién Chaetomorpha sp. Than sinh hoc
dugc diéu ché c6 sy phong pht ctia cidc nhém chiic. Ung
dung than sinh hoc trong xt Iy CIP cho thdy kha nang hdp
phu don 16p Langmuir (384,6 mg-g*). Nghién ctiu nay cho
thdy CHTN-ZnCl, diéu ché tif rong bién la chéat hip phu
tiém ning va c6 thé md ra huéng mdi cho viéc tan dung
chét thai sinh hoc trong xtt Iy nudce. Tuy nhién, nghién ctiu
van con mét s6 han ché nhu chua xéc dinh dy du cac dic
tinh bé mat vat liéu va kha niang hdp phu CIP chi & nudc
thai gia dinh phong thi nghiém.

Dua trén két qua nghién ctiu, mot s6 kién nghi dugc
dua ra: Can xac dinh thém mdt s6 két qua xac dinh dic
tinh cta vat liéu nhu: dnh chup céu tric cta than sinh hoc,
dién tich bé mit va thé tich 16 rong ctia vat liéu. Bén canh
d6, can b6 sung mot s6 thi nghiém lam r6 anh hudng cta
mot s6 yéu té moi truong: pH, liéu lugng vét liéu hap phuy,
nhiét d¢... dén kha nang hip phu CIP nhiam khdm pha co
ché ctia qua trinh hép phu. Ngoai ra, ciing can thti nghiém
kha nidng hap phu cia CHTN-ZnCl, d6i v6i mot s6 khdng
sinh khéc trude khi d4p dung thuc t€ § nguén nudc nhiém
khang sinhm
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TONG QUAN HACH TOAN TiCH
(Tiép theo trang 7)

Thii nhdt, v6i nguyén tic quan ly TNN dugc néu tai
khodn 3, Diéu 3 Luat TTN s6 28/2023/QH15, can tién hanh
thuc hién hach todn tich hgp kinh t€ - méi truong d6i véi
TNN & cac cdp dd khac nhau la cdp tinh/thanh phé truc
thudc Trung uong, cip luu vuc sdng lién tinh va tién t6i hach
toan TNN trén pham vi toan qudc.

Thit hai, qud trinh thyc hién hach toén tich hgp kinh t€
- méi trudng doi voi TNN yéu cdu cao vé chit lugng va khoi
lugng thong tin, dii liéu, do vay can xay dung co ché chia sé
dii liéu, phoi hop gitia cac bén lién quan phuc vu viéc hach
toan dong bo va day du. Dong thdi, dua ra 16 trinh cu thé,
cac nganh/linh vuc uu tién (no6ng nghiép, thiy dién, sinh
hoat, cdp, thoat nudc...) trong hach toan TNN.

Thit ba, tang cudng nghién ctiu va thuc hién hach toan
tich hgp kinh t€ - moéi trudng d6i véi TNN thi diém tai cac
dia phuong, cc luu vuc song. Mdi pham vi thuc hién hach
todn c6 thé thiét 1ap modt bo tai khodn gdém 4 tai khoan theo
phuong phap SEEA-water la: (i) Bang cung cdp va st dung
nudc (PSUT); (ii) Bang hach todn chét 6 nhiém vao nudc;
(iil) Bang tai khoan két hgp kinh t€ - moi trudng cho nudc;
(iv) Bang tai san vat Iy & luu vuc song. Diéu nay ho trg viéc
quan ly tong hgp TNN, xem xét da gia tri cia TNN cho
phét trién kinh t€ - x4 hoi va BVMT.
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