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ABSTRACT

Recycling treated wastewater offers a potential solution to reduce water
demand stresses. Due to high potential health risks and environmental
impacts, related research on wastewater recycling has been focused on
technical issues to improve the treated water quality for appropriate
applications. Although advanced treatment technologies can remove
contaminants to meet criteria and guidelines, high capital and
operational costs and side-effective concerns about byproducts have still
existed. Soil-based biological processes potentially provide cost-effective
and sustainable treatment strategies for water recycling and
management. However, they have not yet been recognized to approach to
what extent that treated effluents are suitable to supplement the existing
water sources in different using sectors. In this review, low-cost treatment
methods by using soil-base filtration columns to stimulate increasing
microbial activities were critically analyzed and discussed based on the
results of previous studies.

TOM TAT

Tdi ché nudc thai la giai phdp tiém néng dé lam diu cang thang nhu cau
niee. Do tiem dn nhitng rui ro suc khoe va tac dong moi trwo‘ng cdc
nghién ciru tdi ché mrde thdi da tdp trung vao van dé kjj thudt dé cdi thién
chdt lieong nuede sau xir Iy cho phit hop véi muc dich sir dung. Mc dis cdc
cong nghé tién tién cé thé xir Iy nude thai dat tiéu chudn va phit hop muc
dich tdi sir dung nhung van con ton tai vé chi phi dau tie va van hanh cao
va phat sinh cac san phdm phu. Cdc quy trinh sinh hoc c6 chi phi xur Iy
thap va bén  viing cho xu Iy va quan ly nguon nudc. Tuy nhién, phuong
phap nay van chua dwoc nhin nhdn theo huong tiép cdn vé mirc dg xir Iy
nudc thai phu hop dé tdi sir dung. Trong tong quan nay, cac phuong phdp
xi Iy chi phi thap sir dung cac cot loc cat, ddat dé kich thich cdac hoat dong
cua vi sinh vt dwoc phan tich va thao lugn dwa trén cac két qua nghién
cueu trude do.

1. GIOI THIEU

Nude duge coi 1a tai san qudc gia anh L huong dén
cudc séng va su phat tr1en ciia mot qudc gia hoac
khu vye. Trén thuc té, ngudn nuée ngot con han ché
nhung nhu cau nude ngay cang ting dbi vai san xuat

lwong thyc, st dung trong gia dinh va cac nganh
cong nghiép. Hién tai, mot sé khu vuc trén thé gigi
dang bi khan hiém nudc. Trong bao cdo UNDP gén
day vé cac muc tiéu phat trién bén viing, dén 2015
thé gioi van c6 khoang 736 triéu nguoi dang séng
dudi mtc tdi thiéu cac nhu ciu co ban. Theo du doan
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cua T chirc Lwong thuc thé gigi dén nam 2025, 1,8
ty ngudi s& séng & cac bang hoic khu vic phai dbi
mit véi tinh trang khan hiém nuée va dan sb thé gigi
¢6 thé dang song trong diéu kién cing thang vé
nude. Cac xung dot vé nguon nude da va dang gia
tang gitra nhitng nguoi str dung nudc da dién ra ¢
mot s6 khu vue trén thé gidi vi khong tiép can duoc
nguoén nude ngot do han han, 6 nhiém mai truong.
Tai qudc gia phat trién nhu Hoa Ky, xung dot nudc
ciing xay ra ¢ California gitra thanh phd va cac khu
vie néng nghiép. Do d6, diéu quan trong hang dau
d6i vai chung ta hién nay la phai bao vé tai nguyén
nuéc bang cach sir dung bén vimg va quan 1y tot,
trong d6 thu hdi nue tir nudce thai 1a mot giai phap
tiém nang dé dap (tng muc tiéu nay.

Tam quan trong cua viéc xir Iy va tai sir dung
nudc thai thuong dugc thua nhan trong linh vuc
quan 1y chéat thai va phat trién bén vimg. Tai ché
nudc thai da qua xir 1y thay vi thai bo ra moéi truong
da tro nén quan trong d6i Vi sy phat trién bén viing
méc du c6 nhitng lo ngai V& sy an toan cua né ddi
véi sirc khoe cong dong van ton tai trong qua trinh
sir dung. No6i chung, nudc sau khi dugc st dung
duoc coi 1a nuéc thai va sé dugc Xa vao cac may thu
nuge cd hodc khong co xu ly. Trong nhiéu thap ky
qua, ngudi ta dd nhan ra rang nudc thai 1a nguon tai
nguyén va c6 nhidu tiém nang st dung néu cac van
dé lién quan dén rui ro sirc khoe cong dong va chit
lwong méi trudng do cac chit giy 6 nhiém duoc loai
bo. Trong khu vuc Dong Nam A, Singapore di xir
1y nuéc thai dé tao ra nude sach dat tidu chuin nude
udng bang cach sir dung cong nghé mang tién tién
va khir tring bang tia cyc tim. Mic du da dat duoc
d6 tinh khiét cao sau khi xtr 1y, nwdc san xuit van
khong duoc st dung truc tiép dé udng va né chi
duoc str dung dé bd sung vao tai nguyén nudc mit
(Schnoor, 2009). Tai Hoa Ky, tai ché nuéc thai da
duogc thuc hién rong rdi trong tudi tiéu canh quan,
xa nudc nha vé sinh, nap bd cap nudc ngam & mot
s6 bang & Tay Nam Hoa Ky (Ryu et al., 2005).

2. HAN CHE CON TON TAI TRONG XU
LY VA TAI SU DUNG NUOC THAI

Cac quy trinh xur ly thong thuong dwoc st dung
dé xir ly nuéc thai dé tai ché nude thuong bao gom
cac qua trinh vat 1y, hoa hoc va sinh hoc. Nhiing
cong nghé nay loai bo hiéu qua cac chat rin lo lung,
chat hiru co, chat dinh dudng, mam bénh nhung c6
rat it hodc khong co thong tin vé hiéu qua loai bo
biang cac quy trinh xir Iy ‘thong thuong trong viéc
loai bo cac thanh phan chét 6 nhiém gay ra cac mbi
lo ngai méi ndi (CECs: Contaminants of Emerging
Compounds) trong nudc duoc tai ché (Levine &
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Asano 2004). Can luu y thém rang cac mam bénh
dugc phat hién & muc do nhét dinh trong nuéc tu
nhién & mién Nam hoa Ky sau khi tiép nhan cac
nguon thai qua xir Iy khir tring bang clo (Ryu et al.,
2005) va diéu nay c6 nguy co anh hudng dén suc
khoe trong truong hop tudi rau (Hamilton et al.,
2006). Mot nghién ctru khac bao cdo rang st dung
qua trinh sinh hoc thong thuong, loc cat va clo hoa
Xt Iy nuéc thai van khong dép tng tiéu chi loai bo
hoan toan vi sinh vat dé tai sir dung ngudn nuée
(Rose et al., 1996). Hon nita, viéc giam sir dung hoa
chat trong khur tring nuée tai ché da dugc cha y cho
cac tng dung noéng nghiép va lam vuon (Calvo-
Bado et al., 2003) vi sir dung hoa chit oxy hoa dé
loai b6 mam bénh dan dén hinh thanh cac san pham
phu gay ung thu (Christen 1998, Petala et al., 2006,
Benner et al., 2013). Cong nghé loc mang 1a mot
trong nhimg cong ngh¢ tién tién da duoc ap dung
thanh cong dé loai bo cac chét gy 0 nhiém tir nuéc
thai sinh hoat dé tao ra nudc uong an toan (Schnoor
2009). Nghién ciru vé loc nano (NF), tham thiu
nguoc (RO), qua trinh oxy hoa nang cao, loc than
hoat tinh cho thay cac dang cong nghé xu ly nay kha
hiéu qua dé loai bo cac chét gdy 6 nhidm vi lwong
trong nudc (Ternes et al., 2002, Radjenovic et al.,
2008, Rosal et al., 2008). Tuy nhién, chi phi dau tu
va van hanh ctia cac qua trinh cong nghé tién tién
van con kha cao va kho ap dung tai cac ving thiéu
nhan lyc ky thuat (Petala et al., 2006) trong khi cac
qua trinh sinh hoc ty nhién s& cung cap mot phuong
phap xir 1y v6i chi phi van hanh va bao tri thap.

Cac phuong phap xu Iy nu6c thai chi phi thap da
va dang tro thanh xu thé dé loai bo cac thanh phan
trong nudc thai dap Gng tiéu chi va muc dich su
dung. Can luu ¥ rang viéc st dung truc tiép quan thé
vi sinh vat dé gay wc ché ty nhién hoac kiém soat
qua trinh loc cat cham c6 thé nang cao hi¢u qua va
day nhanh tién trinh 4 ap dung dé kiém soat su ti tao
nguodn nudc gbp phan cho su phat trién bén viing
trong tuong lai (Calvo-Bado et al., 2003). Phat hi¢n
cach nay hon 3 thap ky cho thay cac vi sinh vét phan
lap méi truong khir sat cho thay hira hen s& lam suy
giam cac hop chat hitu co mach vong (Lovley and
Lonergan 1990). Cac hop chat hiru co dang vét co
thé dugc phan huy sinh hoc hoic chuyén hoa sinh
hoc théng qua cac qua trinh sinh hoc phuc tap trong
dat va nudc thai (Onesios et al., 2009). Mot nghién
clru trude day cho thdy Pseudomonas sp. c6 thé lam
suy giam ndng d6 mot loat cac hop chat
hydrocarbon thom (Aukema et al., 2014). Nghién
clru trude day cho thay rang ta dwoc dwoc giai phong
vao trong nudc dugc hap thu vao tram tich noi co
mang sinh hoc va cac san pham ngoai bao (Stein et
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al., 2008). Thay cho su di&n tién tu nhién, viéc ting
cuong cac hoat dong cua vi sinh vat bang cach lam
giau cac vi sinh vat co6 loi va tao méi truong thuan
loi cho su phat trién caa vi khuan dé loai bo cac chat
gy 6 nhiém nhu CECs htra hen 14 giai phap thich
hop xtr 1y sinh hoc nhung cho dén nay van it dugc
nghién ctru ap dung.

Cac cong nghé hién dai duong nhu khong cung
cAp mot giai phap 1au dai va bén viing cho hoat dong
xir 1y va tai ché nuoc thai do tiéu thy nhiéu ning
luong trong qua trinh hoat dong va doi hoi trinh do
khoa hoc ky thuat cao ddi v6i nhan vién van hanh.
Thay vao d6, céng nghé chi phi thap cho thiy hira
hen s& loai bo cac chat gay 6 nhiém trong nudc thai
dat dugc mot mirc d6 phu hop nhung van can cé
nhiéu goc nhin khac nhau dé nghién ctu cai tién
nham nang cao hiéu qua cia no. Vi vy, diéu nay dat
ra cho chung ta cdu hoi 1a 1am thé nao dé nang cao
hiéu qua cta phuong phap xur 1y chi phi thap trong
xur 1y nude thai dap ung cac muc dich sir dung dé
tién t6i phat trién bén viing.

3. CONG NGHE XU LY CHI PHI THAP
TIEM NANG

Loc dat tir 1au da duoc sir dung xtr Iy nudc thai
Vi chi phi thap va loai bo chat dinh dudng hiéu qua.
Theo cac nghién ctru trude diy, hé théng loc dat
nhiéu I6p (MSL: Multi-Soil-Layer) c6 thé loai bo
hiéu qua nito, phdt pho va chét hitu co trong nudc
thai (Wakatsuki et al., 1993, Pattnaik et al., 2008,
Baykus and Karpuzcu 2021) Tuy nhién, cong ngh¢
nay van chua dugc chap nhan dé xu 1y nuoc thai ¢
nhiéu ving do nhitng lo ngai dac biét vé sy khong
on dinh trong viéc loai bo vi khuan chi thi 6 nhidm
phan. Sy cai tién nho dugc thuc hién dé tang kha
nang loai bo vi khuan d6 1a st dung nhom dong vat
nguyén sinh ban dia dé sian vi khuan (Kim et al.,
2021). Bong vat nguyén sinh dugc xem la nhoém vi
sinh vat diéu soat mat do va sy da dang cua vi khuéan
mdi trudng ty nhién. Nhiéu nha nghién ciru cho riang
dong vat nguyén sinh 1a dong vat an thit diéu chinh
quan thé vi khuan di dudng trong méi truong dét va
nudc (Habte & Alexander 1975, Enzinger & Cooper
1976, Casida 1989, Gonzalez et al., 1990, Wright et
al., 1995, Hahn & Hofle 2001, Renn et al., 2002,
Murase et al., 2006) va trong cac hé¢ thong xir 1y
nudc thai (Decamp et al., 1999, Ravva et al., 2010,
Pinto & Love 2012, Kim et al., 2021). Theo Ravva
et al. (2010), ty 1¢ tiéu thu vi khuan cia dong vat
nguyén sinh 1én t6i 106 té bao/dong vat nguyén sinh
(Ravva et al., 2010). Mot hé thdng xir 1y da vao vat
liéu dat dwoc nap boi nude thai giau chét dinh dudng
va vi khuan c6 thé thiic dy tiém nang phat trién cua
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dong vat nguyén sinh ban dia. Didu nay cho thiy,
nhitng nghién ctru kham pha vai tro cua dong vat
nguyén sinh ban dia dé loai bo vi khuan bi hap phu
trong cac 16p loc trong qua trinh xur Iy nudc thai co
tiém ning phat trién tmg dung dé xir Iy ao tiép nhan
chét thai, nudc thai tir cac hoat dong chan nudi co
chira nhiéu vi khuan.

Loc cat sinh hoc 1a cong ngh¢ xur Iy nang cao da
dugc nghién ctru dé loai bo chét ran lo ling, chét
hitu co va mam bénh cho ung dung tudi tiéu
(Hamoda et al., 2004, Langenbach et al., 2009).
Trong qué trinh loc, cac chat rén lo ling, chat hiru
co va vi sinh vat duoc gilr lai ¢ 16p trén cung cua
nén vat liéu loc dan dén ving nay cua vat liéu co cac
vi khuan di dudng hoat dong manh (d6 sau khoang
10-20 cm). Theo nghién ctru trude ddy, cac mam
bénh bi tiéu diét trong ving loc nay dwoc cho rang
1a do céac vi sinh vat ¢ lgi xam chiém va kiém soat
(Weber-Shirk & Dick 1997). Oxy duoc tiéu thu boi
vi sinh vat hiéu khi trong qua trinh oxy héa chat nén
hitu co dugc giit lai trong khu vuc nay. Didu nay dan
dén viéc thiét lap diéu kién thiéu khi va ky khi trong
cac 16p loc & dudi. Cac chat c6 thé oxy hoa thap hon
nhu nitrat (NO?®), sunfat (SO4%) va sit (Fe3) s&
dong vai trd 12 cac nhan dién tir dé tiép tuc qua trinh
phan giai, chuyén héa cac chat 6 nhiém. Tuy nhién,
anh huong cua vung ky khi ¢ d6 sau thap hon ddi
vé6i s6 phan va van chuyén mam bénh van chua dugc
biét r5. Nghién ctu trude day da dé cap rang, hoat
dong cua dong vat nguyén sinh trong vung ky khi it
quan trong hon tinh trang hiéu khi (Kota et al.,
1999).

Hién nay, murc do an toan ddi véi viée tai ché va
sir dung nudc thai sau xir Iy thu hit nhiéu sy chi y
va quan tim cua cong dong. Mdi quan tdm chinh dé
1a cac hoa chat méi, dang vét gdbm cac san pham
cham séc ca nhéan, dugc pham, chit kich thich noi
tiét t5, khang sinh ciing nhu cac san pham phuy tir
qua trinh khir tring nudc (Christen 1998). Hién tai,
ndng do cua CECs dwoc phat hién & dang vét trong
cac kénh, rach, séng noi tiép nhan nguon xa tir cac
h¢ thong cong ranh, nha may xu 1y nu6e thai
(Onesios et al., 2009). Nhiing chat dang vét nay co
thé co tac dong tiém tang dén hé thng thay sinh,
nuéc ngém va sinh vat. Viéc loai bo cac CEC khoi
nuéce bang quy trinh xir ly thong thuong dudng nhu
khong hiéu qua khi mot so mire do phat hién van con
ton tai. Mot s6 nghién ciru cho rang nhiéu hop chét
khong thé dugc loai bo bang cong nghé chi phi thap
nhu dat va b loc sinh hoc cho nude tai ché (Zearley
& Summers 2012, Onesios-Barry et al., 2014).
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sulferreducens 1a hai chi thudoc ho Geobacteraceae.
Nhiing vi khuan nay duogc Derek Lovley phéan 1ap
trong tram tich song vao nam 1987. Nghién ctu
trudc day cho thay nhitng vi khuan nay c6 kha ning
xtr 1y cac vat ligu hiru co trong moi truong dét va
dudi bé mit (Lovley & Lonergan 1990, Kazumi et
al., 1995, Anderson et al., 1998, Jahn et al., 2005).

Co ché két hop giita qua trinh Iy hoa va sinh hoc
¢6 thé mang lai tiém nang ung dung dé loai chit 6
nhiém kho xir 1y trong nuéc thai. Pay cling 1a hé
thdng loc sinh hoc nhung vat liéu loc dugc 1am giau
chat khoang hoac tuyén chon vat liéu ty nhién giau
khodang chat. Thuc té, vi sinh vat co thé giit mot vai
tro nhat dinh trong qua trinh phan hity va chuyén héa
céc chat 6 CECs trong qua trinh loc d4t (Onesios-
Barry et al., 2014). Tuy nhién, hoat dong cua cac
cong dong VI sinh vat kho co thé dat mirc cao va on
dinh do su sin c6 cua ngudn carbon, va dudng chat
& 16p dudi ctia bo loc sinh hoc khong dap ting (Pang
& Liu 2006). Ham luong khoang chit cua moi
truong ran cho thay loi thé dé ting cuong su xam
l4n va hoat dong cua vi sinh vat trong qué trinh loc
(Mauck & Roberts 2007, Giilay et al., 2014). Co ché
hap phu ciia khang sinh vao mang sinh hoc di dugc
dé cap trong nghién ctru trude day (Wunder et al.,
2011). Do d6, cac chét 6 nhidm hiru co vi lugng co
thé duoc loai bo bai cac vi khuan khir sit vi cac vi
sinh vat nay rat manh dé dong hoa cac hop chit hitu
co vong (Jahn et al., 2005, Tobler et al., 2007) va
chung tang truéng dinh bam tao mang sinh hoc
(Lovley 1987, Jr & Das 2002). Su phat trién caa
mang sinh hoc trén toan bd bé mat méi truong co
kha ning giup loai bo cac chéat gay 6 nhiém nhuw
CECs théng qua cac qua trinh hap phy béi mang
sinh hoc hoic chuyén héa boi cac enzyme khac nhau
ctia h¢ vi sinh trong h¢ thdng.

Dong bang séng Ctru Long 1a khu vuce c6 ngudn
vt liéu giau khoang sat, nhém nhu ving dat phén
(Nguyén va ctv., 2021). Sy sén c6 cua oxit sét trong
dat dan dén qua trinh khir vi sinh vat cung véi qua
trinh oxy hoa ky khi acetate (Kiisel et al., 2002). Dat
phén sau khi dwoc nhiét phan co thé hap phu lan
trong dung dich (Nguyen va ctv., 2021). H6 hép ky
khi ¢6 toc do truyén electron tuong doi cham, tuy
nhién nhiéu chang loai vi khuan Ky khi c6 qua trinh
trao doi chat kha ddc thu. Thong qua viéc phan lap
va lam giau quan thé, chiing ta c6 thé c¢6 co hoi tim
ra chiing co thé oxy héa cac chat 6 nhiém kho xtr Iy
va kich thich co ché bét hoat vi khuan dé ting hiéu
qua xir Iy nudc thai phuc vu muc dich tai ché va tai
s dung.

4. KET LUAN

Cong nghé xir Iy nude thai chi phi thdp mé ra
nhiéu co hdi dé chung ta kham pha kha ning loai bo
chét hitu co, dinh dudng, vi sinh trong nudc thai.
Céac md hinh xtr Iy nudc thai cot loc cat, dat véi su

Vi khuan khir sat duoc tim thay trong nhiéu moi

truong dudi bé mit va trim tich noi ¢6 nhiéu Fe®*,
Nhitng vi khuan nay c6 dic trung 1a thé hién tét kha
ning oxy héa hiéu qua cac hop chat hiru co thanh
CO; cung véi su khir Fe** thanh Fe?* (Lovley,
1993). Geobacter metallireducens va Geobacter
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