XU LY AMMONI TRONG NUOC NGAM HA NI AP DUNG PHUONG PHAP
SINH HOC UNG DUNG KY THUAT MOI “"SWIM-BED”

Poan Thu Ha'

Tom tit: Ammoni ¢é trong nwéc uong ¢ nong do cao cé thé 1am danh hweong dén sire khée, dic
biet déi véi tré so sinh. Cong nghé méi sir dung gid thé mang vi khudn hoat dong ¢ trang thdi nira
Co dinh, nira di ddng (t€n goi “Swim- bed™) lam bang soi tong hop Biofringe dwoc sir dung trong
nghién cizu Xit 1y ammoni trong mede ngam Ha Ngi. Hai bé thi nghiém, nitrat héa (NBF) va denitrat
héa (DNBF) dwoc sit dung trong nghién ciu. Cdc két qud nghién ciru chitng minh hiéu qua loai
ammoni ciing nhu cdc vu diém ciia bé NBF va DNBF. Tdi lwong loai bo ammoni ¢ mirc cao SO VOi
cac nghién ciru tuwong tw, én dinh, ham lwong chat lo liing ddu ra nhé, quan Iy dé dang Codng trinh
xu [y ammoni ap dung ky thudt “swim- bed” va vdt liéu BF c6 thé dwoc dp dung dé xir 1y ammoni

trong nuwdc ngam khu vie Ha Noi.

Tir khéa: Nuwdc ngam Ha Ngi, Xir ly ammoni, nitrat héa, khit nitrat, biofringe

I. PAT VAN PE

Ha Noi dang trong qua trinh phéat trién manh,
yéu cau mot lwong nudc tiéu thu ngdy cang
tang. Hé théng cdp nudc Ha Noi hién cung cap
cho thanh phé, trong khu vyuc ndi thanh Ha Noi
khoang trén 600.000 m*/ng.dém, trong do tir
nguén nudc ngdm mach siu gan 500.000
m*/ng.dém, duoc khai thac tir 14 bai giéng va
lam sach tai 12 tram xur 1y chinh quanh khu vuc
Ha NoiY. Nude ngdm Ha Noi thuong c6 chira
sat voi ham luong tir 1 dén 25 mg/L. Nhiing
nim gan day ngudn nudc ngam Ha Noi c6 dau
hiéu bi nhiém ammoni (NH,") v&i ndng do ngdy
cang cao, dao dong tir dang vét dén 30 mg-N/L
tUy theo ting khu vuec, trong d6 ving bi 6 nhiém
manh nhat nam & phia Nam thanh phd voi nong
d6 ammoni trong nudc phd bién vao khoang tir
16 dén 28 mg-N/L?. Két qua phan tich ngudn
nuroc ngﬁm dugc du kién khai thac cho céc tram
cap nudc nong thon ¢ & khu vuc Thudng Tin,
Phi Xuyén ciing cho thdy ham lugng ammoni &
muc cao. Ammoni trong nudc ngam ton tai &
dang NH," va NH3 Véi pH cta nudc ngdm Ha
Noi dao dong trong khoang tir 6 dén 8, ammonia
ton tai chu yéu & dang NH,4" (chiém 96-100%).
Ammoni trong nudc ngam c6 thé bi 6 nhiém tir

Y Truong Pai hoc Thity loi Ha Ngi

c4c ngudn chira ammoni voi nong do cao nhu
bai rac thai, cong, kénh dan nudc thai, dat nong
Ammoni c6 mit
trong nudc ngam voi nong do cao ciing cb the
do su phan hay sinh hoc ty nhién cua dat bun,
c6 phd bién khu vyc phia Nam Ha Noi.
Ammoni & trong nudc co thé bi 6xy hoa thanh
NO, va NOs, gy ra nguy co tiém an t&i sirc
khoe con nguoi. POi voi tré em dudi 6 thang

nghiép c6 st dung phan bon...

tudi, NOy ¢é trong nude dn udng cé thé giy ra
bénh mat sic t6 mau (methaemoglobinaemia).
Giéi han ham luwong theo tiéu chuan cua Viét
Nam (QCVN 01:2009/BYT) cho ammoni, nitrat
va nitrit lan Iwot 14 3, 50 va 3 mg/l, tinh theo N
lan luot 1a 2,3 mg NH4-N/L, 11.3 mg NOs-N/L;
va: 0.9 mg NO,-N/L.

Hién nay cac nha may nudc hién c6 ciia Ha
Noi dang sir dung day chuyén céng nghé xir 1y
nudc truyén théng gom cé 1am thoéng, ling,
loc va khir tring bang clo. Véi diy chuyén
cong nghé xu 1y nudc dang s dung, hi€u qua
xur 1y nito trong nude ngdm rat thap, dic biét &
nhitng noi nuéc ngdm chira ammoni va sat véi
nong d6 cao vi vay luong ammoni ¢ trong
nuéc may ¢ mot s6 khu vuc caa Ha Noi vuot
qua mirc @9 ammoni cho phép trong nudc sinh
hoat theo tiéu chuan Viét Nam va tiéu chuan cua
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t6 chtrc y té thé gii. Vi vdy viéc nghién ciu tim
mot giai phap xur 1y nito cho nude ngam Ha Noi
la can thiét va cap bach.

Véi muc dich nghién ciu tim kiém mot
cdng nghé xir 1y nito hop 1y cho nudc ngam Ha
Noi, vu nhuoc diém cta cac phuong phap xir Iy
nito dd dugc phan tich, danh gia va so sanh.
Phuong phap xur 1y loai ammoni ting dung cong
nghé sinh hoc bao gdm 2 qué trinh nitrat hoa
(nitrification) va denitrat hoéa (denitrification)
dugc danh gia c6 nhidu uu diém, c6 hidu qua xir
ly ammoni cao, gid thanh ré va khéng c6 san
pham phu. Trong giai doan nitrat héa, vdi su co
mat cua vi sinh vat nitrat hoa tuy dudng, trong
diéu kién hiéu khi, ammoni dugc oxy hoa thanh
NO,; va sau d6 la NOs. Trong giai doan
denitrat hda, voi su ¢6 mat cua vi sinh Vit
denitrat hda va ngudn carbon hitu co, trong diéu
kién hiém khi, NO3;™ dugc duoc khir oxy thanh
N,". Phwong phép xir 1y sinh hoc nitrat hoa va
denitrat héa (nitrification-denitrification) dugc
lya chon ap dung trong nghién ctu loai bo nito
tir nwée ngam Ha Noi.

Bun hoat tinh chira vi sinh vat nitrat hoa tu
dudng va denitrat héa di duong dugc sir dung
cho qua trinh xir 1y sinh hoc loai ammoni. Bun
hoat tinh hoat dong va sinh truong dang lo irng
va dang bam dinh trén vat li€éu mang vi sinh vt
(gia thé). Hinh thic xir Iy ammoni sir dung bin
hoat tinh dang lo lirng dugc danh gia 1a c6 hiéu
qua loai ammoni cao, tuy nhién can co thém
cong trinh tuan hoan bun va cdng trinh ling loc
tiép sau bé xur 1y sinh hoc, lam ting khdi tich va
s6 luong cong trinh. Cong trinh xu 1y loai
ammoni str dung bun hoat tinh thé bam dinh c6
hiéu qua xir Iy ammoni cao, khong can tuan
hoan bun va cac cong trinh xt 1y bo sung. Co
hai dang gi4 thé mang vi sinh vat dang duoc st
dung 1a gia thé ¢6 dinh (fixed-bed) va gia thé di
dong (fluidized-bed). Tuy nhién, cdng trinh xir
ly sir dung gia thé ¢ dinh co cac han ché nhu:

kha ning khuyéch tan chat nén va chat phan tng
kém, gay chét vi sinh vat va 1am giam sinh khéi
bun hoat tinh; d& xay ra hién tuong bit tic doi
hoi qua trinh rira ngugc, khoéi phuc kha niang
lam viéc cua cong trinh. Cong trinh Xt 1y su
dung gia thé di dong yéu cau ché do hoat dong
on dinh, giam sat chat ché dé khong 1am néi, troi,
hodc chim gia thé. Trong pham vi nghién ciru,
cdng nghé mai “swim-bed” sir dung gia thé vira
di dong vira c6 dinh, 1am tir soi tong hop acrylic
mang tén Biofringe (BF) dugc sir dung trong
nghién ctru loai bd ammoni trong nude ngam Ha
NO1.

II. PHUONG PHAP NGHIEN CUU

C4c bé thi nghiém nitrat héa (NBF) va
denitrat hoa (DNBF) d4 duoc thiét ké va khai
dong st dung gia thé mang vi khuan BF hoat
dong trong trang thai “swimming” (Hinh 1). So
dd céu tao cia bé NBF, bé DNBF va md hinh
thi nghiém duoc thé hién 1an luot trén Hinh 2
va Hinh 3. Trong nghién ctru, nuée dau vao la
nudc ngam tong hop, dugc pha ché c¢é thanh
phan twong ty nuéc ngdm Ha Noi va ndng do
ammoni cao dén 30 mg/L. Nghién ctru gom c6 3
no1 dung chinh: (1) Panh gid kha ndng Nitrat
hoéa nudc ngam Ha Noi nhiém ammoni Gng
dung cong nghé méi “swim-bed”. Thi nghiém
st dung bé NBF, duoc nghién ciru v6i su thay
d6i tai lugng ammoni dau vao; (2) Panh gia kha
nang ung dung cong nghé¢ mai “swim-bed” cho
nitrat hoa nude ngadm Ha Noi nhiém ammoni va
sat. Thi nghiém st dung bé NBF, dugc nghién
clru voi sy thay ddi trong qua trinh thi nghiém,
gom: thoi gian luu nuée, tai lugng ammoni dau
vao, ham luong sat dau vao, nhiét do; (3) Panh
gia kha niang Denitrat hoa ciia nudc ngam Ha
Noi da nitrat hda sir dung bé sinh hoc “swim-
bed”. Thi nghiém st dung DNBF, duoc nghién
clru voi su thay doi vé thoi gian luu nudc, tai
lugng ammoni, ham lugng 6 Xy hoa tan.
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I11. NOI DUNG VA KET QUA NGHIEN CU'U

1. Danh gia kha nang Nitrat héa nwéc
ngam HAa Noi nhiém ammoni tng dung cong
nghé moi “swim-bed”

Trong ndi dung nghién ctu 1, hai bé thi
nghiém nitrat héa NBF1 va NBF2 mang luong
BF khac nhau (NBF2 mang luong BF nhiéu
bang 2 lan so v6i bé NBF1) da duoc st dung
dé xur 1y nuée dau vao khdng chira sit. Két qua

Blo khi

Maybom  BE chira
e ddu ra

Hinh 2. So' d6 va bé thi nghiém NBF

thi nghiém cho thiy 95~100% ammoni d4 dugc
loai bo voi tai lwong dau vao la 0.24 kg-
N/m*/ng.d & bé NBF1 va 0.48 kg-N/m*/ng.d &
bé NBF2. Hiéu qua loai b6 ammoni dugc thé
hién trén Bang 2. Bun sinh truong & thé bam
trén BF c6 hoat tinh cao. Nudc dau ra trong véi
ham luong chat lo lmg nhoé hon 5 mg/L. Hé
thong van hanh don gian véi hiéu qua xtr Iy cao
va khong can diéu chinh pH®.

Bang 2. Hiéu qua xir Iy ammoni ciia bé NBF1 va NBF2

Giai | S6ngayhoat | Thoigianlwu | Tailwong dduvao |Luu lugng khi] Ty 1& loai ammoni
doan | dong (ngay) nudce (h) (kg NH,-N/m*/ngay) (1/min) trung binh (%)
NBF1
A (0-40) 18-4 0.04-0.18 2 95.23+6.00
B (41-54) 3 0.24 2 95.56+4.46
C (55-71) 3 0.24 1 89.34+8.61
D (72-81) 6 0.12 2 72.64+6.84
E (82-101) 6 0.12 2 85.37+4.69
NBF2
A (0-50) 18-3 0.04-0.24 2 96.67+2.15
B (51-79) 2.5 0.29 2 94.04+3.50
C (80-106) 2 0.36 2 93.67+4.58
D (107-141) 15 0.48 2 94.30+4.81
E (142-159) 1 0.72 2 75.43+3.51
F (160-190) 2 0.36 2 96.33+2.96
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2. Panh gia kha nang ing dung cong nghé
méi “swim-bed” cho nitrat héa nuéc ngam
Ha Néi nhiém ammoni va sit

Hai bé nitrat héa mang cung lugng BF d&
duoc st dung, bao gom: B&é NBF2 dung nudc
dau vao khong chira sit, bé NBF-iron duoc
cung cap nudce dau vao cd chira sat. Thi nghiém
dugc thuc hién véi sy thay ddi n6ng do sat tir 2
dén 10 mg Fe/L. Bé NBF2 loai dugc 95~100%
luong ammoni véi tai lwong dau vao 1a 0.48 kg
NH4-N/m®/ng.d, bé NBF1 c6 thé loai dwoc
dong thoi 95% luong ammoni véi tai luong
diu vao 1a 0.24 kg NH4-N/m¥/ng.d va 5 mg
Fe/L. Hi¢u qua loai ammoni giam khi tai lugng
dau vao tiang va khi ham luong sét ting trén 5
mg Fe/L. Hi¢u qua loai ammoni ctia bé NBF
khong bi anh hudng boi su thay doi nhiét do tir
25°C xudng 15°C. Tong cong co 18 lodi vi
khuan duoc tim thiy trong bun hoat tinh cta bé
NBF2, 13 loai trong bé NBEF-iron, trong d6 c6
nhirng loai d& dugc xac dinh la Nitrosomonas
oligotropha,  Nitrosomonas sp. R5c88,
Nitrosospira sp. Nsp65 (trong bé NBF2) va
Nitrosomonas sp. AL212 (NBF-iron)®.

Denitrat hda sir dung bé sinh hoc “swim-bed”

Bé denitrat hoa st dung gia thé BF va ky
thuat “swim-bed” (DNBF), Hinh 3, dugc cung
cap nudc dau vao 13 nudc dau ra cua bé nitrat
héa hoic nudce tong hop co chira nitrat. Ethanol
duoc st dung la nguén carbon hitu co cho su
phat trién cua vi khuan va la chat nhuong
electron trong qué trinh denitrat hoa. Két qua
thi nghiém cho thdy 80~90% nitrat dd dugc
loai bo voi tai lwong dau vao la 1.44 kg-
N/m*/ng.d va thoi gian luu nude trong bé 14 0.5
gi0, cao hon nhiéu so voi mot sé hé thong xur
ly nito sir dung gia thé ¢ dinh (fixed-bed) va
di dong (fluidized-bed)”.

Bé DNBF hoat dong 6n dinh véi thoi gian
luu bun 16n, toc do sinh khdi té bao nho,
nude dau ra c6 ham lwong chét lo ling thap.
DO trong bé DNBF cao dén 1.5 mg/L khong
lam anh hudong dén hiéu qua loai nitrat. Bé
DNBF c6 thé ap dung dé xir 1y nuéc thai
chita ammoni, nitrat va COD. So sanh hiéu
qua xu ly loai nitrat cua st dung cong nghé
“swim-bed” va vat liéu BF trong nghién cuu
nay vaoi cac nghién ctu tuong tu st dung
cdng nghé va vat liéu khac, duoc thé hién
trong Bang 3.
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Hinh 3. So' do thi nghiém DNBF
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Bdng 3. So sanh két quda denitrat héa véi két qua ciia cdc nghién ciru tirong tu

Chét Tai lwgng nitrat e .
N A PN . . . . Nhiét do Tai li¢u
Hé thong/mo hinh thi nghiém nhwong dwgrc loai bo (kg o .
3 (°C) tham khao
Electron NOs-N/m*/ngay)

Bé sinh hoc gia thé di dong Hydrogen 0.34 18-23 9
Bé sinh hoc gia thé c¢6 dinh Ethanol 0.75 12 10
Bé sinh hoc gia thé c¢b dinh Hydrogen 0.25 25 11
Bé sinh hoc gia thé c6 dinh Tinh bot 0.46 12
Bé sinh hoc sir dung mang loc Ethanol 0.30 25 13
Bé sinh hoc “swim-bed” Ethanol 1.26-1.84 13-25 8

I11. KET LUAN

Két qua thi nghiém d4 chirng minh rang bé thi
nghiém NBF va DNBF c6 hiéu qua xir 1y nito
cao, van hanh don gian, str dung gia thé BF, hoat
dong ¢ trang thai “swimming”, két hop duoc wu
diém va khic phuc duoc nhuoc diém cua hai loai
bé loc sinh hoc sir dung gi4 thé mang vi khuan &
trang thai cd dinh hoic di dong. Két qua thi
nghiém cho thay vat liéu BF c6 nhiéu vu diém
nhu thoi gian lwu bun dai, chat ran lo ling dau ra
thap, c6 su thich tmg t6t voi sy thay doi ctia moi
truong, vv... va cO kha nang ap dung trong xu ly
nito' voi tai luong cao. Vat liéu BF 14 soi tong
hop acrylic, nhe, bén va khong dat, nén bé loc
sinh hoc swim-bed st dung vat mang vi khuan
BF ¢6 thé dugc coi 1a mot phuwong phap xir 1y
nito hiéu qua va kinh té. Cong nghé xir nito
NBF-DNBF c6 thé ap dung cho xir 1y nito trong
nude ngdm Ha Noi, cong trinh xt 1y nito co thé

TAI LIEU THAM KHAO

duogc phat trién hodc cai tao tir cac tram xu ly
nudc hién co.

Dé xuat qua trinh xir Iy ammoni cho cac tram
xir Iy nwde ngdm & khu vuc Ha Noi nhu sau:

- Tram xtr Iy nudc Phadp Van, c6 ham lugng
ammoni >11,3 mg N/L &p dung dy chuyén cong
nghé bao gdm hai qua trinh NBF va DNBF;

- Tram xu ly nudc Tuwong Mai, Ha Dinh va
cac tram xu 1y nudc néng thon khu vuc phia
Nam nhu tram Thuong Tin, Phu Xuyén cé
ham luwgng ammoni tir 2,3-11,3 mgN/L éap
dung qua trinh NBF. NH;" dugc nitrat hoa
thanh NO3', théa mén tiéu chuan theo QCVN
01:2009/BYT.

- CAc tram cap nudc ¢6 ham lugng ammoni
< 2,3 mgN/L nhu Luong Yén, Ngo Si Lién,
Mai Dich, Ngoc Ha, Yén Phy khong can xur 1y
ammoni.
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Abstract
BIOLOGICAL NITROGEN TREATMENT OF AMMONIUM-CONTAMINATED HANOI
GROUNDWATER USING SWIM-BED TECHNOLOGY

To study methods for nitrogen removal from Hanoi groundwater, the biological nitrification-
denitrification method was chosen using the newly developed swim-bed attached-growth methods
with a novel acryl fiber biomass carrier called biofringe (BF). BF functions in a “‘swimming” mode
and has demonstrated many advantages such as long sludge retention time, low effluent suspended
solids, reduced sensitivity to toxic loads and high treatment capability. It can also eliminate head
loss caused by clogging and channeling. For this study, synthetic influents were prepared similar in
composition to Hanoi groundwater with ammonium concentration up to 30 mg-N/l. NBF and DNBF
reactors were used for biological nitrification and denitrification tests.

Keywords: Hanoi Groundwater, ammonium removal, nitrification, denitrification, biofringe
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