TIEP CAN SINH THAI TRONG QUAN LY VA CAI THIEN NGUON NUOC
TRONG DO THI MOT CACH HIEU QUA HON

TS. Pham Ngoc va cong sw
Co so 2 - Truong Dai hoc Thuy loi

TOm tét: Viéc giir lai va tich triz cdc nguon nwée cé thé sir dung dwoc 1& mot moi quan tam
hang ddu trong nhitng dé thi thiéu thon nwée, vi du nhw: Singapore, Sydney (Uc), hay mét s6
thanh phé viing Nam Trung Bé nuée ta. Pé quan Iy hiéu qua cac nguon tai nguyén nudc va Cac
hé sinh thai, chiing ta can phdi khai thic nwéce t6i da, Cdi thién chdt lwong nwée va my quan. Pé
dat dwege muc tiéu, ching t6i da: i) nhdn dién cdc cach dé ndng cao kha néing giam dinh dong
chdy lii va chdm dong chdy mat bang cach sir dung cdc mdi nha xanh (green roofs); i) da tim
ra nhiing hdp thu sinh hoc nhw vé sO (crabshell) va tdo dudi ngwa (Sargassum), c6 gid thanh re
va san co ¢ dia phwong, iii) da nhdn dién cdc lodi thue vt trén can nhiét doi c6 thé thich vmg
VoI moi truong song nudc ngot do thi va xu ly duwoc cdac chat hitu co va kim logi nang trong
nuede; iv) da nghién ciru kha ndng rii Yo ngdp gdy ra khi trong cdy vao dong nuéce ciia chiing ta
lién quan dén mdt dé va mirc dé ngdp ciia cdy bang cdc thi nghiém trong mdng thity liec; v) Si
dung cdc cong nghé dira trén nén tang chip (chip-based technologies) dé fim hiéu sw da dang
Ciia vi sinh vdt va cac vai trd chite nang ciia chiing trong méi trieong nuwée dé thi. Céach tiép cdn
tong hop ciia ching t6i, bao gom quan diém tir vi mé dén vi mé, sé dong gop cho viéc cdi thién

quan ly nudc trong do thi.

Gioi thiéu

Do nhirng ap luc khoéng ngung 1én moi
truong d6 thi do két qua tat yéu cua sy phat
trién cong nghiép va bung nd dan sb, dan dén
yéu cau d6i moi dé tan dung ngudn tai
nguyén nudc sach ty nhién cta ching ta cho
ca viéc tiéu thy va giai tri. Nhitng Phap ché
moi, chéng han nhu “Chi Thi Khuén Khd Vé
Nuéc ¢ Chau Au” (the Water Framework
Directive in Europe) va nhiing ké hoach
chinh sach nhu Chuong trinh Nude ABC cua
Singapore (ABC waters program in
Singapore), d0i hoi nhimg tiép can tong hop
dé cai thién chat luong nudc va hé sinh théi
chtic ning trong tat ca loai nguén nudc bang
cach dung cac bién phap hiéu qua va chi phi
phi hop. Nhu chung ta biét rang Singapore
khai thac hau hét nudc mua va tai sir dung nd
thanh nudc udng hodc coéng nghiép, vi vy
viéc quan 1y va cai thién hé thong thoat nudc
d6 thi va hé sinh thai thuy sinh tré thanh mot
thach thac doi hoi cong cu tong hop méi dé
dinh 18 chién luoc quan ly day manh viéc st
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dung ning luong thip hon va cung cip cic
giai phap bén vimng. Viéc trién khai nhiing
cdng nghé méi dé kiém soat nudc ngot do thi
cho nhiéu muc dich, tuy nhién, can mot nén
tang viing chic vé kién thirc co ban trong
nhitng qua trinh lién quan va sy tuong tac cia
ching. Céch tiép can cia ching toi lién quan
dén kién thirc sang tao thong qua mo phong
va thu thap dir liéu trong phong thi nghiém va
thuc dia, sau do két qua duogc téng hop dé
xac dinh nhiing chién luoc quan 1y nudc do
thi da nganh. Phan mo ta chi tiét cic thi
nghiém va mé hinh d4 thuc hién c6 thé tham
khao trong céc bai bao tuong mg trong phan
cac tai liéu tham khao.

Két qua va thao luin

Sir dung mdi nha xanh

Céc thi nghiém da duoc thuc hién nham cai
thién dong chay co ban va giam thiéu nhiing
dinh dong chay trong cac dot mua. Cac két
qua Mua-dong chay tir ba thi nghiém cho thay
rang mai nha xanh (conventional green roof)
thong thuong co thé dat duoc su giam thiéu



luu lugng dong chay tdi da va ting luong
dong chay co ban. Mai nha xanh cai tién
(improved green roof) rat hiéu qua trong viéc
giam thiéu dong chay t6i da, va ting cudng

17 April 2010: Discharge intensity due to a rain storm of 61.1 mm
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dong chay co ban. Nhu d4 thay ¢ hinh 1, dong
chay t6i da duoc thay thé hoan toan bang dong
chay co ban d& duogc ting cuong, trong truong
hop str dung mai nha xanh cai tién.
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Hinh 1. C&c dwong qud trinh lieu lirong twong ieng véi cdc loai két cdu mai nha khac nhau

Ngoai ra, chung t6i d4 thiét ké nhitng mo
hinh @ dy doan dong chay tir mai nha va luu
vuc himg nudc mua do thi nham khai thac tbi
da luong nudc trong mdi tran mua. Nhitng
két qua tr mé hinh (SOBEK (CF + PR) va
HYDRUS-1D) cho thiy rang voi tran mua tai
cac luu vuc nho bao gom vai 16 nha, thi viéc

17-04-2010: discharge sunset subcatchment (9.37 ha)
total rain depth: 61.1 mm

trién khai mai nha xanh cai tién c6 thé giam
dinh luu luong dong chay khoang 0.5 m?/s.
Vi vy, néu mai nha xanh dugc thyuc hién trén
mot quy mo 16n hon, s& c6 tiém nang rat 16n
dé giam dinh luu lugng dong chay tbi da, va
tang luu lugng dong chay co ban.
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Sir dung cdc hip thu sinh hoc

Cai thién chat luong dong chay d6 thi mot
cach kinh té va bén vitng méi trudng 14 mot
khia canh khac trong cong viéc nghién ctru
cia nhém. Chat lugng nudc cé thé duge cai
thién ngay tir mai nha bang viéc s dung hip
thu sinh hoc. Nhiing thi nghi¢ém ban dau duoc
thuc hién véi bay chat hip thu khac nhau dé
khtr kim loai tir dong chay nudc mua (Hinh
3). V&i vo cua (Crabshell) nhitng chat hap
thu d& cho thdy hiéu qua khir khac nhau cho
mdi ion kim loai, cOn d6i vdi tio dudi ngua
(Sargassum) c6 kha ning hép thu sinh hoc
hau hét cac ion kim loai. Nhya thong trao d6i
ion thuong mai (Amberlite XAD7) khong
hip thu bat ki ion kim loai ndo, trong khi
nhitng chéat hap thu con lai c6 kha ning hép
thu chi mot sé lwong gidi han ion kim loai.
Trong truong hop vdi chitosan, né hoat dong
rat tot voi mot sd ion kim loai nhu Mn, Cu,
va Pb. Tuy nhién, né cho thiy tiém nang rat
nho trong viéc giam ndng do ion kim loai
nhe. Nhitng chit hip thu gia ré khac nhu b
mia, than bun va mun cua chi cho kha nang

hip thu vira phai voi hau hét cac ion kim loai.
Nguoc lai, tao bién Sargassum rat hop ly
trong hap thy sinh hoc véi nhiing ion kim
loai ning, va khir duoc hon 90% d6i véi Cu
va Pb. Chét thai cong nghiép hai san — vo cua
— ciing cho thiy mot kha niang hap thu sinh
hoc kim loai nang rat cao, voi hiéu qua hon
93% cho tat ca ion kim loai nang. Tuy nhién,
dang cha y rang nong do cta hau hét cac ion
kim loai nhe trong dong ra sau cung Ién hon
dong vao, déi voi hau hét nhitng chat hip thy
d4 phan tich. Diéu nay 1a do hau hét cac chat
hap thu d& dugc dua vao trudc hodc da bao
gom nhitng ion kim loai nhe trén bé mit cia
ching, khi tiép xtic v6i dong chay sé giai
phdéng céc ion vao trong dung dich. Vi du,
tao bién thu duoc Na, K, Ca va Mg tir nude
bién, khi tiép xuc véi dung dich kim loai trao
d6i nhitng ion kim loai nhe nay véi ion kim
loai nang tir dung dich do co ché trao doi ion.
Dua trén nhirng két qua thi nghi¢m thu duogc,
Vo cua va Sargassum dugc xac dinh nhu
nhitng chat hap thy hiéu qua cho viéc xir ly
dong chay nudc mua.
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Hinh 3. So sanh % kim logi duwoc khir tir dONG Nuedc miea do thi sie dung nhitng chdt hap thu
khac nhau (pH = 4.920.1; nhiér dé = 22+1°C; téc dé khudy trén = 160 vong/phit).
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Ngoai viéc hap thy, thuc vat hd trg xir ly
sinh hoc ciing thé hién mot cach tiép can hiéu
qua vé kinh phi cho viéc cai thién chat lugng
nudc. Trong khi nhitng lodi thuc vat thuy sinh
dugc biét rang c6 thé khir dugce nhing kim
loai gAy 6 nhiém mot cach hiéu qua va duoc
két hop véi xdy dung céc ving dat ngap nudc
dé cai thién kha ning khir nitrogen va
phosphate v co, thi s& kho khan va ton kém
dé triét tan gdc khi ching phat trién lan tran
(I1], [2]). Nhiing thuc vat c6 mach, ca thao
moc va cay gd, duoc trong rong rdi cho muc
dich nghé 1am vuon trong ving nhiét déi, c6
thé 12 ca mot kho tang 16n cho viéc kham pha
cac loai tng cir vién thuc vat khac voi kha
nang xu ly sinh hoc ([3]). Trong nghién ciru
nay, mot vai loai thuc vat trén can cho thay
hip thu chat dinh dudng rat tich cuc khi 16n
1én trong diéu kién dudi nuéce, diéu nay chi ra
tiém ning cua ching cho viéc diéu chinh
ngudn nudc thiéu khi. Voi 5 loai thuc vat:
Assimplex, C.fruticosa "Compacta’, H.colorata,
P. amaryllifolia va Spathiphyllum wallissii,
cho thay kha nang hap thu nitrate rat tot, khir
100% nitrate trong khoang trung binh 3 tuan
(Hinh 4A). A. simplex cho hiéu qua thap hon,
giam nong do trung binh 62% trir 200 mg/L
xudng 76 mg/L. Dudi nhiing diéu kién thi
nghiém, hiéu qua khir phosphate cta cac loai
thuc vat (46-78%) thap hon d6i véi nitrate

(62-100%). P. amaryllifolia giam ndng do
phosphate trung binh khoang tir 100 mg/L
xudng 22 mg/L, trong khi S. wallassi chi giam
nong do xudng 54 mg/L (hinh 4B).

Swr dung thuc vat luong cw

Kha ning thich nghi sinh thai chuyén tiép
dudi nudce - trén can cua nhirng loai thuc vat
ludng cu ndy mé ra nhiéu Gmg dung trén cac
bo song cho viéc pha lodng tu nhién cua
nhitng dong chay hay nhimng cé thé nude ngot,
ké tir khi ching c6 kha ning thich nghi véi
nhitng bién dong manh cta myc nude ma két
qua tir nhitng thoi ky dai kh6é han va nhiing
dot gi6 mua thong thuong trong vung nhiét
déi. St dung Hydroponics (mdt phuong phép
trong cdy bang cach st dung cac giai phap
dinh dudng vo co, trong nudc, ma khéng cod
dat) dé trong cac loai thyc vat séng trén can
cling duoc biét dén 1a phuong phap hiéu qua
trong viéc khtr chit 6 nhiém, nhu kim loai
nang va polychlorinated biphenyls (PCBs) ra
khoi nudc bang bién phap rhizofiltration (mot
hinh thire xir 1y sinh hoc ¢6 lién quan dén viéc
loc nudc thong qua mot s6 luong 16n ré ciy dé
loai bo cac chdt doc hai hodc cac chat dinh
dudng du thua) ([4], [5], [6]). Nhing thyc vat
nay khdng chi cung cap my quan xanh cho bd
dé, ma con co thé str dung voi chi phi thap va
giai phap xir 1y kha thi véi cac chat 6 nhiém
moi truong do thi.
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Hinh 4. Khir chdt dinh dwéng bang thuwc vdt trén can,; Aglaonema simplex, Cordyline
fruticosa "Compacta’, Hemigraphis colorata, Pandanus amaryllifolius va Spathiphyllum
wallisii. Thay doi nong dé cia (A) nitrate va (B) phosphate sau 4 tudn trong nuéc da dwoc bo
sung nitrate hay phosphate.

Sir dung thure vat ngdp nwoc

Trong mot sd thuc vat vao dong chay cia
ching ta ¢ kha nang dan dén rai ro ngap lut.
Sy hiéu biét vé tdi vu hoa mat do cay trong va
muc do ngap 1 didu can thiét dé téi da hoa
kha niang dong chay ciia kénh va giam thiéu 1i
lut. Dé dinh lugng anh huong cua tham thyc
vat dén d6 sau nudc trong kénh, nghién ciu
d4 str dung ty 1& gia ting (so sanh tuong d6i
gitta d0 sau myc nudc trong mang thuy luc
trong cdy va mang khong trong ciy ([7]). Ba
loai thuc vat (Echinodorous grandiflorus -
bach thuy tién, Nymphaea rubra - sung,
Cabomba caroliniana - rong 1a ngo) da dugc
chon cho thi nghiém, dua trén sy khic nhau vé
dac tinh co-sinh hoc cua thyc vat. DPung nhu
ky vong, d6 sdu muc nudc & mang trong cay
sau hon mang khong c6 cay. Trong cung mot
diéu kién dong chay, E. grandiflorus cho thiy
muc nude ting cao nhat va N. rubra, mot loai
cay 14 noi, cho thdy thip nhat. Tinh mém déo
va mat do cay trong anh hudng dén ti 1¢ gia
tang. Vi nhimng loai than rit mém déo c6 14
nho (C. caroliniana), ti 1€ nay ting voi mat do
thép hon, dugc thé hién béi cac gia tri 1,31%,
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2,66%, va 2,73% véi mat do twong ung 517
cay/m® 388 cay/m?va 208 cay/m?. Tuy nhién,
nhiing loai v6i d6 mém déo thap hon va 14 16n
hon nhu E. grandiflorus va N. rubra cho thiy
sy tuwong quan nguoc lai. Vi du, E.
grandiflorus cho gia tri 4.40%, 3.13% va
2.82% tuong tmg v&i 724 cay/m?, 415 cay/m?
va 208 cay/m?. Bén canh do, ty 1é gia ting phu
thugc vao nhimg diéu kién dong chay nhu luu
luong hoac do ngap nudc. Trong diéu kién luu
luong 16n hon (hodc d6 ngap nude 16n hon) ty
I¢ gia tang twong tng voi C. caroliniana giam
nhung ting d6i voi E.grandiflorus va N.rubra.

Tom lai, viéc trf‘mg thuc vat ngap nudc
trong cac kénh ho lam tang rui ro ngap lut.
Mtrc do rai ro phu thudc vao loai thuc vat va
mat do ctia nd. Co thé thdy ciy co ré trong
nuée va 14 ndi gdy nguy co thap hon hon
nhiing loai séng ngap chim hoan toan. Trong
nhitng lodi ngap chim hoan toan, cay co d¢
mém déo linh dong cao va l4 nho gy nguy co
thap hon. Hon nita, khi cac kénh dugc trong
nhitng loai thyc vat co than cing hon va 14 16n
hon thi mat d6 cdy trong thap nén duoc duy tri
dé giam rui ro ngép lut.
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Hinh 5. Muc niede trung binh trong mang c6 trong thuee vit ngdp nude. C: Cabomba
caroliana; E: Echinodorus grandiflorus; N: Nymphaea rubra; F: mdt do hoan toan; H: mdr do
phan nita; L: mdt do thap. Zero biéu thi mdng khong trong cay.

Sir dung vi sinh

Trong cac lodi thuc vat vao trong dong
chay ciing lam thay d6i méi trudng vi sinh
trong kénh din dén nhiing thay doi vé ham
luong hitu co ciling nhu tai lugng vi khudn. Vi
khuan duoc biét dén c6 lién quan dén chu
trinh dia hoa hoc va vi vay dong mot vai tro
quan trong trong vi¢c diéu chinh lai cac chit
dinh dudng vé ty nhién cho viéc tai ché. Giam
dinh dong chay va tang kha nang gitr nudc
trong viing thim luu ¢ thé cung cip cho vi
khuan (clng Vvéi ré cdy) du thoi gian dé 1am
sach nudc khi né chay dén hé chia nudce. Tuy
nhién, dé thu duoc loi nhuan téi da, chung ta
trude tién can hiéu rd nhimg qué trinh sinh dia
hoéa co ban va anh huong cia ap luc moi
truong trong bé hing nuéc mua. Ching toi
da thuyc hién mdt nghién ciu trén luu vuc
Pandan (Singapore) dudi nhitng moé hinh su
dung dat khac nhau, lién hé dia hoa hoc va cau
tric gen chirc ning bang cach st dung
Geochip, mot cong nghé vi mach thong lugng

cao bao trum hon 10,00 gen tir hon 150 nhém
chitc nang ([8], [9]). Kham pha dua trén
Geochip cta ching t6i trén ciu trac gen chirc
ning cho thdy mot sé luong phong phi cia
11,800 gen trong luu vuc. Cac gen bao gdm
Xt ly htru co (35%), khang kim loai (18%),
tuan hoan carbon va nitrogen (11%) va chéng
khang sinh (6%) la hét siac doi dao qua bé
nudc mua. Cac gen tur ngung tu carbon (1%),
c4c qua trinh ning luong (1.6%) va tuan hoan
phospho (2%) la nhitng loai thap nhat. (Hinh
6). Suy giam carbon (3.5%) va tuan hoan
sulfur (4.5%) c6 thé so sanh voi gen chong
khang sinh. Mot khuynh hudng that rd rang
rang do 4p luc nhan loai hoc do thi, nhiing
cong dong vi khuan da tro nén dic biét hoa.
Bén canh d6, 46 da dang lién quan cua nhirng
gen chirc nang dugc tim thay tuong tu O cac
dia diém g01 ra cau tra 101 vé churc ndng cua vi
khuan ddi véi ap lyc moi trudng, nhimg dia
diém nay chua duoc dia phuong hoa cho khu
vuc hoat dong.
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Hinh 6. Su da dang cua cac loai gen khac nhau trong luu vuc Pandan, Singapore

Két ludn

Tir cac két qua nghién ciu tong hop tir
trong phong thi nghiém 1an thyuc dia, cling véi
nhitng cong nghé¢ mé phong, chung t6i da tim
ra nhitng giai phap sinh hoc téng hop co thé
cai thién chat lugng va trit lugng nudc, va
canh quan cta hé thong cac ngudn nudc do thi

Tai li¢u tham khao

mot cach hiéu qua hon va mang tinh mg dung
cao. Nhirng nghién ctru m¢ rong hon s€ dugc
trién khai tai noi nghién ctru méi ciia nhom &
Trung tdm nghién ctru Thuy sinh Sungei Ulu
Pandan, Singapore, s& cho phép chuyén nhimng
thanh tuu kién thire dat dugc vao trong nhiing
mg dung thuc té.
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Abstract
ECOLOGICAL APPROACH FOR MORE EFFICIENTLY URBAN WATER
MANAGEMENT AND IMPROVEMENT

Retention and storage of available water resources is a prime concern in water-starved
urban cities, such as Singapore, Sydney (Australia) or some cities in Southern Central Vietnam.
For efficient management of the water resources and ecosystems, it is necessary to have
maximum water harvesting, improved water quality and aesthetics. To this end, we have: i)
identified ways to improve retention capacity through peak flow reduction and runoff delay
using green roofs; ii) found good biosorbents such as crabshell and Sargassum that is low cost
and locally available; iii) identified tropical, terrestrial plant species that can adapt to an
urban freshwater habitat and remediate nutrients and heavy metals from water bodies; iv)
studied possible flooding risks posed by the introduction of plants in our waterways in relation
to plant density and degree of submergence through flume experiments; v) used chip-based
technologies to understand the microbial diversity and their functional roles in urban aquatic
environments. Our approach involves knowledge creation through modelling and data
collection in the laboratory and field after which results are integrated to define
interdisciplinary urban water management strategies. Our integrated approach, which
encompasses macro- to micro-level perspective, would contribute towards improving urban
water management.
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