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TOM TAT
Viéc loai bo amoni trong nuoc thai dong vai tro quan trong trong viéc bao vé moi truong, trong do nuoc
thdi tir cdc nha mdy ché bién thity san la mét trong nhitng van dé dwoc cac nha quan 1y méi truong quan tam
hién nay. Theo phwong phdp truyén thong, amoni thuong dwoc xir Iy bang bién phdp sinh hoc sir dung hé vi
sinh vt hiéu khi theo con dwong nitrate héa/khir nitrate hodc hé vi sinh vat ky khi theo con dwong nitrate héa
ban phan/ANAMMOX. Nghién cieu nay thie nghiém mét nguyén Iy moi sie dung hé bim vi sinh vat ky khi la
Feammox doi v6i nwée thai ché bién thity san. Vi mé hinh feammox thir nghiém cé thé tich 40 L duwoc thuc
hién trong 14 ngay, nude thai ché bién dwa vao mé hinh c¢6 ham lirong COD khodng 800 + 1200 mg/L, amoni
la 90 + 110 mg/L. Két qua theo déi cho thdy pH duy tri trong khodng 6,5 + 7,7, dién thé oxy héa khir dao déng
trong khodng -25 + 55 mV, ham heong amoni b loai bé dat trén 90%, ddp vmg cdc yéu cau xa thai hién hanh.
Két quad nghién ciru mo bude dau cho thdy tiém ndang g dung nguyén 1y feammox trong xit Iy nude thai ché
bién thity san hién nay.
Tir khéa: Xir [y amoni trong nwée thdi, nweée thai ché bién thiy san, feammox
ASTRACT
The removal of ammonium in wastewater plays an important role in environmental protection, and
wastewater from seafood processing plants is one of the issues of concern to environmental managers
today. According to the traditional method, ammonium is usually treated by biological means using aerobic
microorganisms according to the nitrification/denitrification pathway or anaerobic microorganisms following
the partial nitrification/ANAMMOX pathway. This study uses wastewater from the processing of seafood to
test a novel idea using an anaerobic microbial sludge system called Feammox. The processing wastewater
added to the experimental 40 L Feammox model has an ammonium content of 90 +~ 110 mg/L and a COD
content of roughly 800 + 1200 mg/L. According to the monitoring data, the pH is kept between 6.5 + 7.7, the
redox potential fluctuates between -25 and 55 mV, the ammonium content is removed above 90%, all of which
are within the required ranges. The initial results of the open research show the potential application of the
feammox principle in the treatment of seafood processing wastewater today.
Key words: Ammonium treatment in wastewater, seafood processing wastewater, feammox

PAT VAN DPE
Pht dudng la mét qua trinh phirc tap khong

anh huong nghiém trong dén sy phat trién cua
cac loai thuy sinh (Jetten et al., 1998). Vi vay,

chi xay ra dbi véi ving nuéc ngot ma con ca
nuéc ven bién noi cé su phat trién qué muc cia
thuc vat phu du lam anh huéng dén cac hé sinh
thai dudi nudce, de doa dén cac loai dong vat
va suc khée cua con nguoi (Zhidkova et al.,
2020). Ham lugng amoni cao trong nudc chinh
1a chat dinh dudng kich thich sy phat trién cua
tao, gay thiéu hut oxy hoa tan (DO) trong nudc,

nghién ciru nang cao hi€u qua x ly amoni
trong nudc thai ludn 1a van d& can duogc cac
nha moéi trudng quan tam.

Nganh ché bién thuy san (CBTS) 1a mot
trong nhitng nganh tiém ning cua phat trién
kinh té bién trong giai doan hién nay. Tuy nhién,
di doi véi sy gia ting san lugng cic san pham
ché bién 1a viéc phat sinh nudc thai c6 nong do
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6 nhiém hitu co cao, ddng chi y 1a COD dao
dong trong khoang 1000 + 1200 mg/L, BOD;
vao khoang 600 + 950 mg/L, ham lugng nito tu
70 + 110 mg /L (Lam Minh Triét, 2006). Mic
du vay, v6i dic trung cac thanh phan 6 nhiém
trén, nudc thai CBTS thuan lgi cho qua trinh
xtr Iy bang phuong phép sinh hoc.

Qua trinh oxy héa amoni (NH,") la mat
xich quan trong trong chu trinh nito, quyét
dinh dén viéc hinh thanh céc dang nito (NO,,
NO,,N,O) trong moi truong (Yao et al., 2020;
Huang et al., 2018). Nitrate hoa (nitrification)
la qué trinh chmh dé loai bo NH," trong qua
trinh xr Iy nudc thai giau hop chat nito. Va

INH," + 1,32 NO," + 0,066 HCO, + 0,13 H" > 1,02 N, + 0,26 NO," + 0,066 CH,O, )N,

Tuy nhién quy trinh anammox doi hoi phai
kiém soat chit ché qua trinh nitrate hoa ban
dau dé hinh thanh NO,. Mat khac vi khuan
anammox co toc do smh truong cham nén dé
duy tri ndng d¢ sinh khéi cao trong hé thong
can thoi gian luu bun dai, do d6 viée tmg dung
quy trinh xtr Iy theo nguyén ly anammox van
con han ché (Jetten et al., 1998).

Nguyén ly Feammox (Anaerobic ammonium
oxidation coupled to Fe(Ill) reduction) dugc
hiéu 1a qua trinh oxy hoa NH Y két hop véi chat

cho dén nay cac cong nghé xir Iy nude thai co
ham luong dinh dudng cao chi yéu dua vao
qua trinh nitrate hoa/khir nitrate, tuy nhién hi¢u
qua xur 1y khong cao, dong thoi can tiéu thu
mot lwong carbon hitu co tir bén ngoai (Khin &
Annachhatre, 2004).

Nim 1995, mot phan tng chuyén hoa nito
méi duoc biét dén, phan tmg oxy héa ky khi
amoni (Anaerobic Ammonium Oxidation, viét
tat 1a anammox), trong d6 amoni dugc oxy
hoa bai nitrite trong diéu kién ky khi, khong
can cung cip chat hitu co dé tao thanh nito
phén tu (phan ung 1) (Strous et al., 1998)the
sequencing batch reactor (SBR.

+2,03 H,0 (1)

2705 70,15

nhan dién tir Fe** trong diéu kién ky khi. Day
la qua trinh loai bo NH, " duoc phat hién tir viéc
phén tich qua trinh chuyen hoa cac hop chat
nito ctia mau dat ngap nudce ven song trong mot
nghién ctru & New Jersey (Clément et al., 2005;
Zhu et al., 2021; Tan et al., 2022). Qua trinh
Feammox c6 thé tao ra cac san pham khac nhau
nhu khi N, (phan tmg 2), NO, (phan @ng 3),
hodc NO; (phan tmg 4) tuy thugc vao di€u kién
moi truong, dac biét 1a pH (Tan et al., 2022; Zhu
et al., 2021; Yang et al., 2020).

3Fe(OH), + SH* + NH," — 3Fe? + 9H20 + 0.5N2 (ArGm = - 245 kJ/mol)  (2)
6Fe(OH), + 10H* + NH," — 6Fe> + 16H20 + NO* (ArGm = - 164 kJ/mol) (3)
8Fe(OH), + 14H + NH,” — 8Fe* + 21H20 + NO* (ArGm = - 207 kJ/mol) (4)

So v6i cac phuong phap xtr Iy amoni (NH, ")
bang con dudng nitrate hoa/khir nitrate th1
nguyén ly feammox dugc xem la phuong phap
tiét kiém nang luong va hiéu qua vé chi phi xir
1y nudce thai giau nito (Zhu et al., 2021; Tan et
al., 2022).

Cho dén nay & Viét Nam viéc ting dung
nguyén ly feammox vao xur ly nudc thai giau
hop chat dinh dudng con han ché. Mot sb yéu
t6 moi truong nhu nhiét do, pH, Fe(Ill) oxit,
ngudn cacbon... c¢6 anh hudng dang ké dén
qua trinh x ly feammox (Tan et al., 2022).
Do d6 nghién ctru thtr nghi€ém qua trinh xt ly
amoni trong nudc thai CBTS theo nguyén ly
feammox s& bd sung thém mot giai phap loai
bo dugc amoni trong nudc thai dap Gng yéu
cau xa thai, gop phan bao vé mdi trudng.

96 o TRUONG DAI HOC NHA TRANG

IL. POI TUQNG, VAT LIEU VA
PHUONG PHAP NGHIEN CUU

1. P6i twong nghién ciru

Déi tugng nghién ciru 1 nudc thai ché bién
thity san co6 ham luong cac hop chat hiru co
cao ciia Cong ty CO phan ché bién thiy san
Thanh Tién, thanh phé Nha Trang, tinh Khanh
Hoa. Thir nghiém xt ly loai bo amoni (NH,")
trong nudc thai nay bang hé vi sinh vat ky khi
feammox bang mo hinh ky khi quy mé thi
nghiém 40L (Hinh 1).

2. Vit liéu nghién ctru

M0 hinh nghién ciru

Heé thong xtr Iy ¢6 quy md phong thi nghiém
duoc thiét ké dang hop chir nhat ding, lam
béng cic tAm nhua mica, day 6 mm, c6 kich
thudc nhu sau:
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Chiéu cao 1a 1,2m dién tich day la 40cm?,
tong thé tich lam viéc ctia m6 hinh 13 40L, dam
bao kin khi.

Doc than mé hinh duoc b tri cac van 1éy
mau theo chiéu tir trén xudng. Pong thoi, mo

Eefe

hinh ciing dugc thiét ké hé thong bom tuan
hoan mau tir day lén trén (cach day 5 cm va
cach mat thoang 5 cm). Mat trén mo hinh duoc
b6 tri van thu mau khi nhdm x4c dinh san pham
chuyén hoa cé thé ¢6 cuia qua trinh (Hinh 1).

Hinh 1. M6 hinh xir ly ky khi amoni theo nguyén ly feammox trwéc (A)
va sau khi cho nuéc thai vao (B).

Hé bun ky, khi sir dung trong nghién ctru

Bun feammox trong nghién ctru nay duoc
st dung tir m6 hinh feammox ky khi tai Phong
Sinh thai Vi sinh vat, Vién Vi sinh vat va Cong
nghé sinh hoc, Dai hoc Quéc gia Ha Noi. bay
la hé bun da dugc nhom nghién ctru cua PGS.
TS. Dinh Thiy Héang phat trién thanh cong.

Qua trinh lam giau hé bun dugc thyc hién
trong 30 ngay va tién hanh nhu sau: bd sung
4 L nuéc cat vao 1 kg bun kho, khudy bang
khudy tir trong khoang 5 phut cho bun tan hoan
toan roi bo sung thém 35 L nudc thai nhéan tao

truée khi bom vao mo hinh. Dé hoat héa qua
trinh feammox dién ra, ion Fe** duéi dang hop
chit F e(OH), duoc chuén bj theo nhq mo ta
trong nghién ctru cia Le va cdng su roi dugc
bd sung vao mo hinh véi ham luong 1,68 g/L,
tuong duong 30 mM (Le et al., 2021). Thanh
phan nudc thai nhan tao duge mo ta theo Bang
1. Sau khi cung cép nudc thai vao mé hinh, tién
hanh suc khi argon véi téc ¢ 10 mL/gidy trong
5 phut nham tao diéu kién ky khi cho mé hinh.
Két qua 1am giau vi sinh vat feammox trong
mo hinh duoc danh gia thong qua bién doi cua

Bang 1. Thanh phian méi trwong nwéc thai nhén tao [Ratering, 1999]

STT Thanh phan Ham luong (mg/L)
1 NaCl 1000
2 MgCl,.6H,O 400
3 CaCl,.2H,0 150
4 KCl1 500
5 KH,PO, 200
6 Na, SO, 4000
7 MgSO,.7H,0 250
8 NH,Cl 100
9 CH,COOH 200
10 H,O cét 1 L
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ham Luqng NH,". khi argon dé loai bo khi oxy trong nudc. Bom d}ﬁ
Pong thoi véi mau bun dugc hoat hda trong 40 L nudc thai, dong van suc khi argon va bat
mo hinh, moét mau bun tuong tu dugc chuan dau bat bom tuan hoan véi luu lwong 2 L/phat.
bi nhung khong bo sung nudc thai nhan tao dé Céac nghién ctru dugc thuc hién véi tong
lam mau ddi ching. thoi gian la 70 ngay ¢ nhiét d¢ phong 28 + 30
3. Phwong phap nghién ciru °C. Trong qua trinh nghién ciru, cic miu nudce
2.1. Van hanh xu Iy nuoc thai trong mo hinh tir mo hinh duoc sir dung dé phan tich cac chi
Feammox tiéu pH, Redox, COD, NH,", NO_, NO, va tr
Nudc thai dugc bom vao thung chira véi ti d6 danh gia hi¢u qua xu ly.
1¢: 28 L nudc thai, 10 L bun feammox da hoat 2.2. Phwong phdp ldy mdu va phan tich mdu
hoa va 2 L bun Fe** v4i ham lugng 1,68 g/L, Céac mau nudc thai dugc phan tich tai cac
tuong duong 30 mM. Phong thi nghiém cua Vién Cong ngh¢ Sinh
Sau d6 bom hon hop nurée thai vao mé hinh hoc va Méi truong, Truong Dai hoc Nha Trang.
voi luu lugng 4 L/phat. Khi bom nudc dat Va Céc chi tiéu phan tich va phuong phap phan
chiéu cao ciia mé hinh, thi bat ddu mé van suc tich dugc thé hién & Bang 2.

Béng 2. Cac chi tiéu phan tich va phwong phap phéan tich

Chi tiéu Phuong phap phan tich
pH Do truc tiép theo TCVN 6492:2011 (ISO 10523:2008)
COD Pun hdi luu kin - tric quang theo TCVN 6491:1999
NH,* Phuong phap chuan DIN 38406-5, dung thudc thir Na-nitroprusside
NO, Pun va so mau theo TCVN 4562 - 1988
NO, Phuong phép tric quang theo Standard methods, 1999 (SMEWW- 4500- B)
Fe* Phuong phéap chuan DIN 38406 E1-1 (1983) sir dung thudc thir O-phenanthrolin
2.3. Phurong phdp xit Iy 56 liéu nuge thii CBTS trude xir Iy
Céc thi nghiém do dac, phan tich trong Két qua phan tich mot s6 chi tiéu trong
nghién ctru duoc thyc hién ldp lai 3 lan. K&t qgé nudc théi dau vao ,du’Q'C thé hién & Bang 3.
phan tich duoc luu tri¥, xir ly tinh toan va biéu Theo két qua cho thay gia tri pH cua nudc thai
dién do thi bang phan mAém MS Excgl 2010. truge xu ly duy tri trong khoang trung tinh, rat
III. KET QUA NGHIEN CUU VA THAO phu hop v6i da s6 cac qua trinh xir Iy nu6e thai
LUAN bang bién phap sinh hoc, trong d6 c6 xir 1y theo
1. Két qua phan tich cac chi tiéu trong nguyén ly feammox (Le et al., 2021).
Bang 3: Mt s6 thanh phan trong nuwéc thai CBTS truée xir ly
Chi tiéu Pon vi Nbng do
pH 6,5-7,7
COD mg/L 800 - 1200
NH,* mg/L 90— 110
NO, mg/L 0
NO, mg/L 0
Fe mg/L 0
D6i véi chi tidu COD, v61 ham luong COD thanh phan 6 nhiém hitu co trong nurdc thai kha
trong nudc thai ban dau la 800 + 1200 mg/L ¢6 16n. Nguyén nhan thanh phan COD cua nude
thé thay day 1a ham luong tuong doi cao so voi thai str dung trong nghién ciru nay cao c6 thé 1a
cac nghién ctru trude doi voi nudce thai CBTS do nudc thai dugce lay tir qua trinh rura ca cua

(Lam Minh Triét, 2006), diéu nay cho thiy nha may so ché ca nguyén liéu, & ddy khong
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qua giai doan filler nhu cac nha may khac.
Ham luong amoni ban dau trong mau nudc thai
nghién ctru & muc trung binh, phu hop voi da
sO cac bién phap xur Iy sinh hoc va tuong duong
v6i cac cong bo trude day vé nude thai CBTS
(Lé Van Cat, 2007).

2. Theo ddi pH nudc thai trong qua trinh
xur ly

Diéu kién moéi truong pH co anh hudng
16n dén qua trinh x{r Iy amoni theo nguyén
ly feammox. Mot sé nghién ciru trude day da
chimg minh ching vi khuin feammox hoat
dong t6t ¢ diéu kién pH tir 4 dén 8.4 giup
loai amoni trong nudc thai (Zhu et al., 2021;
Sawayama, 2006; W. H. Yang et al., 2012).
Tuy nhién, diéu kién acid (pH < 5,5) chi thuc
hién trong moéi truong khong coé carbon hitu
co, amoni dugc oxy hoda thanh nitrite va viéc
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loai boé nay trong thuc té s& bi han ché theo
cac phuong phap truyén théng (W. H. Yang
et al.,, 2012; S. Huang & Jaffé, 2015)using
16S rRNA gene PCR-denaturing gradient
gel electrophoresis, 454 pyrosequencing, and
real-time quantitative PCR analysis. We be
Acidimicrobiaceae bacterium A6. Trong thuc
té nudc thai dong thoi co6 ham lugng carbon
hitu co va amoni cao la phé bién. Do do, viéc
loai bé amoni theo nguyén ly feammox & pH
trung tinh s€ phu hop voi dac tinh hoéa hoc cta
nhiéu loai nuée thai (Le et al., 2021).

Trong nghién curu nay, viéc theo doi pH
nham danh gia kha nang kha ning hinh thanh
cac nhém san pham khac nhau trong qua trinh
feammox xur Iy amoni. Nghién ctru dugc thuc
hién trong m6 hinh véi thoi gian theo doi 1a 70
ngdy, két qua duoc trinh bay trong Hinh 2.

8 e
b 9/\0

42 56 70
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P

Hinh 2. Sy thay ddi pH ciia nwéc thai trong mé hinh.

Két qua phan tich pH ctia nudce thai dau vao
va dau ra kha on dinh trong 70 ngay khao sat,
dao dong trong khoang tir 6,5 + 7,7, day la diéu
kién pH thuan loi gitip xi Iy triét dé amoni theo
nguyén ly feammox hinh thanh san pham 1a khi
nito hoan tra lai khi quyén, khép lai vong tuan
hoan nito.

3. Thé oxy héa khir trong qua trinh xir Iy

Dién thé oxy hoa khir (Oxidation Reduction
Potential, ORP) 13 yéu t6 c6 anh huéng truc
tiép dén cac qua trinh chuyén hoa sinh hoc
trong md hinh. Yéu t6 nay ciing thé hién mirc
dd ky khi ctia moi truong, cho phép cac qua
trinh khir ky khi dién ra, trong d6 c6 cac phan
ung feammox v&i sy tham gia cia ion Fe**
va Fe?', anh huong dén qué trinh xir Iy amoni

(Tremblay et al., 1998).

Pién thé oxy hoa khir ciia dung dich trong
mé hinh duoc xac dinh bing may do ORP
HI5221-02 ¢ Phong thi nghiém Vién Cong
nghé sinh hoc va Méi truong, voi thang do +
2000 mV. Chi s6 (mV) hién thi trén Vol ké 13 d6
chénh léch dién thé trong dung dich hay chinh
1a dién thé oxy hoa khir ciia dich méi truong.

Két qua theo ddi trong 14 ngay cua cac chu
ky thir nghiém cho thay thé oxy hoa khir cua
dung dich xtt Iy dao dong trong khoang -25 +
55 mV. Trong d6, nhitng ngay dau khi nuéc thai
dugc bom vao mo6 hinh, do con c6 mét lugng
oxy hoa tan nén gia tri dién thé ting cao dao
dong tir 35 + 55 mV. Sau 5 ngay tiép theo, dién
thé oxy hoa khtr giam xubng va thay doi, dao
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Hinh 3. Dién thé oxy héa khir trong sudt qua trinh xir ly.

dong trong khoang 30 mV dén -25 mV. So sanh
su thay d6i ORP ciia mi truong voi két qua xur
1y loai bo amoni (Hinh 4) cho thiy su lién quan
kha 1o rét. Trong cac chu ky thtr nghiém, khi
thé oxy hoa khir cua dung dich trong khoang
20 mV dén -25 mV thi hi¢u qua loai NH," 1a t6t
nhat. Nguoc lai, néu sy bién dong dién the oxy
hoa khir trong dung dich vugt qua 20 mV thi s€
lam giam hiéu qua xu Iy NH,* . bidu ndy kha
tuong dong v6i cac nghién ciru trén dbi tuong
nuée thai tong hop trude day, khi hiéu qua xir
1y amoni dugc cho 1a tot nhat trong khoang tir
-50 + 50 mV (Le et al., 2021).

4. Theo doi ham lwgng NO,, NO," trong
qua trinh xu ly amoni

Viéc tao cic san pham nitrate va nitrite
trong qué trinh xir 1y amoni tily thudc nhiéu
yéu td, trong do6 co thé ¢ ca su ¢6 mat cia hé
vi sinh vét nitrate hoa, khir nitrate va tham chi
la anh huong cua pH.

Trong 70 ngdy theo ddi, két qua phan tich
cac mau nudc thai trong mo hinh khong phat
hién cac hop chat NO,, NO,. Diéu nay c6 thé
do pH trong nudc tha1 trong qua trinh xu 1y
duoc duy tri 6 muc 6,5 ~ 7,7, lam cho hudng
hinh thanh san phdm qua trinh xir Iy amoni
uwu tién hon cho viéc tao thanh khi nito. Cac
nghién ctru trude ddy cho thdy, trong cac phan
ung feammox, phan ung oxy héa NH," thanh
N, dién ra & méi truong c6 pH trung tmh va
klem trong khi d6 hai phan ung tao ra NO,,
NO, chi xay ra ¢ diéu kién pH thap (Zhu et al
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2021; Yao et al., 2020; Tan et al., 2022). Hoac
¢6 thé, mot lugng nhé cac hop chét nitate va
nitrite dugc hinh thanh, nhung lai tiép tuc bién
d6i thanh cac san phim khéac béi sy chuyén hoa
cua hé vi sinh vat c6 trong bun vi sinh (Le et
al., 2021).

5. Hi¢u qua loai b6 NH," trong qua trinh
xwr ly

Loai bé amoni la myc tiéu dugc quan tam
nhit trong nghién ctru nay, qua dé danh gia
hoat tinh cua vi khuan feammox trong qué
trinh xur 1y. Vi ndng d6 amoni trong nudc thai
dau vao dao dong tir 80 + 120 mg/L, tién hanh
khao sat gia tri NH," qua 5 chu ky, v6i thoi
gian xu 1y 14 ngay/chu ky. Két qua thé hién
& Hinh 4 cho thiy chi sau 2 ngay xu Iy thi di
c6 khoang 30% NH," bi loai, sau 6 ngay thi da
¢6 ty 1€ amoni bi loai bo 1a 60%. Khi thoi gian
xir 1y thye hién tir ngay 10 dén ngay thir 14 thi
hiéu qua loai NH," dat muc tir 85 + 90%. Két
qua nay duy tri 6n dlnh trong sudt 5 chu ky van
hanh mo hinh (Hinh 4).

Cac nghién ctu vé viéc loai bé amoni trong
nudc thai b::ing bién phap sinh hoc cho théy,
néu sir dung hé vi sinh vét hiéu khi loai bo
amoni theo con dudng nitrate hoa/khur nitrate
thi chi hi¢u qua khi thyc hién xtr Iy amoni trong
nude thai ¢c6 ham lugng cao, thuong 1a > 50
mg/L. Khi ham lugng amoni giam, hi¢u qua xur
1y bang hé vi sinh vat hiéu khi ciing giam theo
va thdm chi 1a khong triét dé loai b6 hoan toan
amoni (L& Van Cat, 2007). Vi bién phap st
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dung h¢ vi sinh vat ky khi, viéc loai bo hoan
toan amoni 1a c6 thé thuc hién duoc, vi du mo
hinh xtr Iy theo mé luan phién CANON-SBR
(Son et al., 2019)the synthetic wastewater
containing 139 9 mg/l as NH4 +-N was fed into
the reactor, and (ii. Nghién ctru nay gép phan
chimg minh tiém ning tmg dung kha ning loai
b6 hiéu qua amoni trong nudc thai ché bién
thiy san theo nguyén 1y sir dung hé vi sinh vat
ky khi trong diéu kién c6 bd sung ion sit Fe?".
IV. KET LUAN

Céc nghién ciru trude ddy lién quan dén
feammox thuong chu yéu thyuc hién trén nudc
thai tong hop nhan tao, ddy 1a nghién ctru dau
tién trén d6i tuong nudc thai ché bién thuy san.
Theo d6, véi ham lugng COD dau vao khoang
800 + 1200 mg/L, amoni 1a 90 + 7110 mg/L, pH
duy tri trong khoang 6,5 + 7,7 & dién thé oxy
hoa khu -25 + 55 mV, qua trinh xtr ly amoni theo

TAI LIEU THAM KHAO

nguyén ly feammox trong mo hinh thi nghiém
da loai bo khoang > 90% amoni ban diu. Cac
mAu nudc thai sau xtr Iy déu < 10 mg/L, dat tiéu
chuén nude thai sau xir Iy duge phép x4 thai vao
thity vuc dugc st dung 1am ngudn nudc cho
muc dich sinh hoat theo TCVN 7648:2007 va
QCVN 11-MT:2015/BTNMT.
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Nhom nghién ciru xin chan thanh cam on su
hd tro, dinh hudng va gop y ciia PGS.TS. Pinh
Thay Hang (Vién Vi sinh vat va Cong nghé
sinh hoc, Pai hoc Quéc gia Ha Noi) trong subt
qua trinh thyc hién thi nghi€ém. Xin cam on Bg
Gido duc va Pao tao da tai trg kinh phi cho
nghién ctru théng qua dé tai nghién ctru khoa
hoc cong nghé cap Bo ma s6 B2021-TSN-04.
Nhom nghién clru cling xin cdm on tai trg
nghién ciru tir T6 chitc Nude va Moi truong
Kurita (KWEF).
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