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ABSTRACT

Groundwater in the aquifers of Hanoi is polluted with nitrogenous compounds
predominately in the form of NH, (up to 20 mg/i). Microbiological removal of nitrogen
compounds by Nitrification followed by Denitrification could be most appropriate
technology for Hanoi. This study focuses on development of Nitrification - Denitrification
process for nitrogen ammonia removal from ground water by using a novel acryl fiber
(Biofill, NET Co. Ltd., Japan) for fixed-bed media. Results show that: with influent
concentration of nitrogen ammonia 20 mg/l, hydraulic retention time HRT = 1h in
Nitrification reactor, a stable nitrogen ammonia removal achieved with average efficiency
98.7% (93.2 - 99.9%). Nitrogen loading rate NLR = 0.01 - 0.62 kg N-NH,/(m’.d).
Alkalinity was necessary to added by NaHCO, with minimum concentration of 50 mg/l.
In Denitrification reactor a required HRT to achieve stable removal of Nitrate was 2 h.
Average removal efficiency of Nitrate was 94.2% (90.09 - 98.37%). NLR = 0.04 - 0.16 g
N-NO,/(g VSS.d) or 0.09 - 0.39 kg N-NO,/(m’.d). Required ratio of CH;COONa as C-
source to be added per equivalent nitrogen removed COD/N = 6.92. Remaining
concentration of COD, NH," and NO, were major concerns of Denitrification process
effluent. Post treatment by aeration and filtration are suggested to be introduced after
Denitrification. Research results show positive results and open a promising solution for
groundwater quality improvement in Hanoi city.

Keywords: ammonia nitrogen, COD, denitrification, ground water, nitrification,
water treatment.

L TONG QUAN
1. Hi¢n trang 6 nhiém Nito Amon trong nuéc ngdm khu vuc Ha Noi

Viéc khai thdc nudc ngdm & Ha Néi hién nay duge tién hanh dudi nhiéu hinh thic
va quy m6 khéc nhau. Cong ty Kinh doanh nudc sach Ha Noi (KDNSHN) hién dang khai
thdc tir 9 bai gi€ng In, tdng s6 khodng 130 giéng, cong sudt téng céng 400.000 - 450.000
m*/ngd. Bén canh d6, theo théng ke chua ddy dn, & Ha Noi ¢6 trén 500 16 khoan c6ng
nghi¢p quy mo nhd, do cic xi nghiép, vién nghién ciu, benh vién, trudmg hoc, céc don vi
vl trang... ty qudn If, mdi ngay khai thic khodng 50.000 - 60.000 m®. Toan thanh phé con
c6 trén 100.000 16 khoan nhd kiéu UNICEF, vdéi luong nudc khai thic téi 200.000
m’/ngay. Téng luong nudc ngdm dang khai thic méi ngay tai Ha Noi lén dén 600.000 -

* Trung tdm K§ thudt Méi trucmg D6 thi va Khu céng nghiép (CEETIA), Triedng Dai hoc Xdy dung Ha Néi
* Khoa Xiy dung, Tricong DHTH Kumamoto, Nhat Bin
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650.000 m®. Gi4 tri ndy da tiém cin v6i gid tri giéi han c6 thé khai thic nudc ngdm mot
céch an toan va dat nguén nudc ngdm trude nguy co can kiét va ngay cang 6 nhiém [1].

Do thyc trang hé théng cdp - thodt nudc, xir If nude cip va nudc thai, chat thai rin
chua déng bo, cong thém d6 1 su phat trién clia cic nganh cong - nong nghlép ngay mot
tang trong thi gian gin day, chua ké dén céc qué trinh dién ra trong tu nhién, ¢ di€u }dén
dia chdt - thuy van phic tap & viing Chau thé song Héng, i gay cho. nguOn cdp nudc duy
nhit cla chung ta hién nay - nguén nudc ngdm, nguy cg 6 nhiém ngay mét cao, trong do
¢6 6 nhiém cédc hop chdt chita nito. .

Theo két qua nghién cu cha nhiu dé tai da va dang thuc hlén ham lugng amoni
trong nudc cha ting q, dao dong tr vét dén 30 mg/l. Hiu hét cac khu vire déu nhiém bin
amoni, trong dé ¢6 cdc khu vuc nhim bdn néng nhw; Phdp Van, Dinh Céng, Ha Dinh,
Kim Giang, Tuong Mai, Bach Mai, Bich Khoa, Kim Lién, Quynh Mai, Mot s6 khu vuc
nhidm bén nhe nhu Lwong Yeén, Yén Phu, Ngo S Lien, Dén Thuy. Ngoai ra mot s6 khu
vic ciing da cé d4u hiéu nhiém b4n nhu Ngoc Ha, Mai Dich. Nhin chung c4c khu vic bj
nhiém b4n nang amoni tap trung nhiéu hon & khu vie phia Nam thanh phé va khu Trung
tam. Cao nh4t 13 khu vuc Phdp Van, Dinh Cong (~ 20 mg/), sau d6 1a’khu vuc Ha Pinh
(~ 12 mg/l), Tuong Mai (~ 10 mg/1) [1]. Ham Iigng nitrat va nitrit thudng khéng cao.

V& nguyén nhan gay 6 nhiém cac hop chit nito cho d€n nay vin cdn nhiéu ¥ kién.
Céc nghién ctfu da chi ra rang c6 m6i quan he thujf luc giira s0ng Héng va nguén nudc
dudi dat vung Ha Noi. Mot s6 ¥ kién cho ring ¢6 thé dién ra qu4 trinh thdm xuyén nudc
mat xudng cdc tang chita nuéc phia dudi thOng qua céc clra 56 dia chét thuy van - lién he
truc ti€p giita c4c tAng chita nuGe phia trén va phia dudi & Ha N01 céc chat 6 nhlém nhu
cdc hop chit nito s€ tit nude mat thim xudng xuéng nudc duéi dét. Ciing c6 nhiing ¥, ki
cho ring nguyen nhan 6 nhiém nudc dudi d4t bdi cdc hop chét nito 12 do tr nhién. Nhung
dd vin con céc ¥ Kién khac nhau thi vin dé 6 nhiém nu6c dudi dét bdi céc hop chat nito,
dac biét 1a amoni, 12 da o rang, tir d6 cling thiy duge su cip thiét cha viéc nghlen cifu cac
phl.ro‘ng phép xir If 6 nhiém nito trong nuéc ngdm cho Thi d6 Ha Noi.

2. T4c hai cha céic hop chét nito. Cic quy dinh vé ham lugng cic hO’p chat clma
nito

Céc hgp chét nito trong nudce cé thé gay nén mot s6 bénh nguy hlém ché nglrb‘l sir
dung nudc, Nitrat tao ra chimg thi€u Vitamin va c6 thé két hep véi cdc amin dé tao nén
nhitng nitrosamin 14 nguyén nhan gay ung thu & ngudi cao tui. Tré so sinh dac blet nhay
cam véi nitrat lot vao sita me, hoic qua nuéc dtmg dé pha siia. Sau khi lot vﬁo co thé,
nitrat duoc chuyén hod nhanh thanh nitrit nhés vi khudn dudmg ruot. Ion nitrit cdn nguy
hiém hon nitrat d6i véi sitc khoé con ngudi. Khi tic dung véi cdc amin hay alkyl cacbonat
trong co thé ngudi chiing 6 thé tao thanh céc hop chdt chita nito gy ung, thu. CAc nitrit
tac dong lén huyét sic t8 hemoglobm (Hb) ¢6 nhiém vu van chuyén oxy, blé’n nd thanh
mcthemoglobm (Met-Hb) khong con kha nang van chuyén OxXy. Nher hé men dic biét,
Met-Hb c6 thé chuyén thanh Oxy-Hemoglobin (Oxy-Hb) 3 tré 1hd, Met-Hb khong thé
chuyén thanh Oxy-Hb vi & tré so sinh hé men c4n thiét chua phét trién ddy di. O tré so
sinh, nu6c da day it, cdc vi khudn tao ra nhiéu nitrit. Mat khéc da day tré so sinh kém axit
nén khong ngin can duge nitrat chuyén thanh nitrit. Két qua 12 mot lugng 16n nitrit chi€ém
18y huyét sic t§ va bién thanh Met-Hb, m4t kha nang van chuyén oxy dén cic mo, lam tré
Xanh xao, bénh tat (Bénh Blue Baby) [2].

Nito amén ¢é mat trong nuéce ngﬁm 1am giam hiéu qua ctia khau khit tring bang clo,
do n6 phan tng v6i clo dé tao thanh céc cloramins, cé tdc dung s&t khu&n yéu hon nhidu
s0 v6i clo (khodng 1.000 14n). Ngoai ra n6 con giam kha ning x{r 1y sit, mangan bing
cong nghe truyén thdng.
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Nito amén 1a nguén dinh dudng, tao diéu kién cho céc vi sinh vat nudc, ké ci to,
phét trién nhanh, 13m anh hudng dén chét lugng nude thuong phdm, dic biét 12 d6 trong,
mi, vi, nhiém khuin. ,

Tru6c nam 2002, Tiéu chudn Viét Nam TCVN yéu cfu néng do améni trong nudc
cp cho sinh hoat <3 mg/l. Tir 4/2002, Quyét dinh s6 1329/2002 cha B Y t€ quy dinh
NH,* < 1,5 mg/l, tuong duong Hudng dén clia T8 chitc Y t& Thé giéi (WHO). Tiéu chudn
clia cic nudc Cong déng chau Au (EC) yéu cdu NH,* < 0,5 mg/l (Xem Bang 1.1).
Bdng 1.1. Céc tidu chuan Viét Nam va quéc té déi vai cac hgp chét Nito [1]

Tiéu chudn i
L Tiéu chuin EC Huong din TCVN

Chitiew | Ponvi EPA (80/778/EEC) | cia WHO

. 1993

' _ MCL 6L | mac | ¥ (1 @ | 3
Amodni (NH,) . -, | . mght 0.5 1.5 3* » |15
Nira N0,y © | Vgl | 443 s | so 50 6(heoN) | 22.1 | s0
Nitrit (NO, Yy 54 v v g/ o 4.4 0.1 3 0 0 3
KMnO,... ;¢ o) el

Ghi chit!(1) ¥20 TEN 33-85: Tieu chuén nganh ciia Bo XD; (2) - TCVN 5501-91: Tieu
chudn Nha nuéc ddi v6i nudc an udng; (3) - Tieu chudn theo Quyét dinh 1329/2002 -
BYT/QHffig’éi'f’fS__MIZOOZ); a - nudc ngdm; MCL - Maximum Contaminant Levels (néng
do cho phép t6i da); GL - Guidelines (Huéng dén); MAC - Macximum Acceptable
Concentration (n6ng d¢ t6i da ch&p nhan dugc).

3. Céc phuong phap xi Iy améni trong nuée

Trong nuéc ngdm, cac hgp chat nite cé thé t6n tai dudi dang cic hop chat hitu co,
nitrit, nitrat, v& amoni. C6 r4t nhiu phuong phép xif i amén trong nuéc ngdm da dugc
cc nuéc trén the€ gidi thir nghiém va dua vao 4p dung: Lam thodng dé khir NH, & moi
trudng pH cao (pH =.10... 11); clo hod vdi néng do cao hon di€ém dét bién (break-point)
trén dudng cong HAY thii clo trong nudc, tao cloramin; Trao déi ion NH,* va NO; biing
céc 'vat litu"trdb d81"Kation/Anion, nhu Klynoptilolyle hay Sepiolite; Nitrat hod bing
phuong phép sinh Ho¢; Nitrat hod két hgp véi Khir nitrat; Cong nghé Annamox,
Sharon/Annamox (hitrit hod mot phdn amoéni, sau d6 amoni con lai 1a chét trao dién ta,
nitrit tao thanh 1a chai'tihan dién tlr, duge chuyén hod thanh khi nito nhd cdc vi khudn ky
khi loai Planctomyéete); Phuong phdp dien hod, dien thdm téch, dién thdm tich dio
chiéu; viv... [2] ~ "5t

Vin dé xir I améni trong nuée cdp, nhét 1a & mic néng do cao & 10 - 20 mg/l va
hon nifa, con khd méi mé khéng nhiing chi & Viet Nam ma cdn trén thé gidi. Diéu d6 da
thic ddy chiing t6i thyc hién dé thi nghién ciru nay. Trong didu kien Viet Nam néi chung
va Ha N¢i néi riéng, cn phai tim ra m¢t phuong phap phii hop, dim bdo mot s§ yéu cu
nhu: Hi¢u qua xit 1y cao, 1am viéc én dinh, chi phi chdp nhan dugc, phit hop véi céc théng
s6 chat lugng nudc cha ta. Nhiéu nghién citu gdn day cho thdy trong s§ cdc phuong phap
xUt lf am6ni trong nuéc c4p thi phuong phép oxy hod vi sinh - loc sinh hoc ngp nude ¢6
théi khi, ¢6 hosc khong ¢6 qua trinh Khir nitrat (tuy theo néng d6 améni ban diu) té ra cé
nhiéu wu diém hon ca. Phuong phép ndy khong gay 6 nhidm, khong cin giai doan xit 1y
phu nhu phuong phdp clo hod, hodc t6n kém trong cong doan hoiin nguyén vat licu nhu
trao déi Kation [1].
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4. Co ché sinh hoa ciia qua trinh xit 1y améni trong nuéc ngdm

Ddu tién, améni duge oxy hda thanh cdc nitrit nhe cdc vi khudn Nitr osomonas,
Nitrosospire, Nitrosococcus, Nitrosolobus (pha thit 1). Sau d6 cdc ion nitrit bi oxy héa
thanh nitrat nhd cac vi khudn Nitrobacter, Nitrospina, Nitrococcus (pha thit 2). Céc vi
khuén Nitrat héa Nitrosomonas va Nitrobacter thuoc loai vi khuén ty dudng héa nang.
Niang luong sinh ra tir phan tng nitrat hod (Nito Amon 1a chét nhuo‘ng dién tr) dugc vi
khudn sit dung trong qué trinh t6ng hop 1€ bio. Ngudn Cacbon d€ sinh tdng hop ra cdc 1€
bio vi khudn méi 1a Cacbon v6 co (HCO, 1a chinh). Ngoai ra chiing tiéu thu manh O,.

3

-NHI+EO VRN, NO; +2H* + H,0+276+351KJ (1.1)
NO; +% | Y Ny 1.2)
T8ng hop hai qua trinh chuyén hod (1.1) va (1.2):

NH! +20, —> NO; +2H' +H,0 (1.3)

Néu tinh ca cdc qud trinh téng hop sinh kh6i, ta c6 (Gujer, 1974):

L.O2NH,* + 1,890, + 202HCO,” >
0,021 CH,0,N + NOy + 192 H,CO, + 1,06 H,0 (1.4)

Qu4 trinh trén thudng duge thyc hién trong bé phan tmg sinh hoc véi 16p bin dinh
bam trén cic vat liéu mang - gia thé vi sinh. Viéc tao mang sinh vat trén bé mat vat li¢u
mang s& lam tang t6c do phan dng sinh hod déng thdi tang tudi tho clha biin hoat tinh.

. Van t6c qud trinh oxy hod Nito Amon phu thudc vio tudi tho bin (mang vi sinh
vat) nhiét do, pH cia moi trudng, néng do vi sinh vat, ham lugng Nito Amon, oxy hoa
tan, vat lidu 1(_)c Cic vi khudn Nitrat hod c6 kha ning ké't hoyp thép, do vy viéc lua.chon
vit lieu loc noi cdc mang vi sinh vat dinh bidm cling c6 4nh hudng quan trong dé€h hiéu
sudt 1am sach va sy tuong quan sén phidm ca phz’m iing sinh hod. Sir dl_mg vat liéu mang
phit hop 1am gi4 thé ¢6 dinh vi sinh cho phép giit dugc sinh khéi trén gid thé, tang wdi tho
biln, ning cao va én dinh hiéu sudt x{t 1y trong cing mot khéi tich cong trinh cling nhu
tranh dugc nhitng s6c do thay déi diéu kién moi truomg.

D€ loai bo nitrat trong nuéc, sau cong doan Nitrat hod amoni 1a khau Khir nitrat sinh
hod nh& cédc vi sinh vat di dudng trong didu kién thi€u khi (anoxic). Nitrit va nitrat s&
chuyén thanh dang khi N,. D£ thyc hién phiong phép nay, ngudi ta cho nuéc qua bé loc
ky khi véi vat ligu loc, noi dinh bam va sinh trudng cla vi sinh vat Khit nitrat. Qud trinh
nay ddi hdi nguén co chat - chit cho dién tir. Chiing c6 thé 1a chat hitu co, H,S, v.v... Néu
trong nudc khong cé oxy nhung cé mat cdc hgp chat hite co ma vi sinh hip thu duge,
trong moi trudng anoxic, khi d6 vi khuin di dudng s& sit dung NO, nhu nguén oxy dé
0xy hod chit hitu co (chit nhuong dién tir), con NO;™ (chét nhan dién tir) bi khir thanh khi
nito theo phuong trinh sau:

NO,” + Chdt hitucd + Vikhudn > N, + CO, + H,0 + Vi khufn (phit trién)
(1.5)

Trén thuc t€ qud trinh Khit nitrat 13 tng hgp ctia bon phan ng néi tiép sau:
NO; --> NOj -->NO ->N,0 --> N, (khi) (1.6)

Vi khudn thu ning lugng dé ting trudng t¥ qua trinh chuyén hod NO; thanh khi N,
va cdn c6 ngudn Cacbon dé€ t8ng hop 1€ bao. Do dé khi khir NO; ™ sau qué trinh nitrat hod
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ma thi€u cdc hgp chét hitu co chita cacbon thi phai dua thém céc chit nay vio nudc. Hién
nay ngudi ta thuong st dung khi ty nhién (chi¥a metan), rugu, dudng, c6n, ddm, axetat
natri, v.v... Axetat natri [& mot trong nhting hod ch4t thich hop nhdt. Qud trinh phan tng
dién ra nhu sau:

4NO, + CH,COONa — 4NO, + 2CO, + H,0 + NaOH (1.7
Sau do:

2NO, + CH,COONa — N, + 2C0, + H,0 + NaOH (1.8)
Tdng hop 2 qué trinh:

4NO, + 3CH,COONa — 2N, + 6CO, + 3H,0 +3NaOH (1.9)

II. MO TA THf NGHIEM

Bo Juu lugng Khi Ma hinh Khir Nitréat ;5
M9 hinh Nitrat hoa
Bom dinh Ivgng vao —
Mo hinh Nitrat hod Bhg;nhcl‘;lh}éhuﬂnlg;rg?
Thang nudi
M8 hinh Nitrat hoa
May suc khi
Thing nudi
M® hinh Khir Nitrét
Thiing chra nudc diu ra
tir MO hinh Khir Nitrat

Hinh 2.1. Md hinh thi nghiém xtr Iy Nitd Amén trong nudc ngim
tai Trung tam CEETIA, Truong DHXD Ha Néi

M6 hinh Nitrat hod va Khit nitrat hod duoc mé ta nhu Hinh 2.1, va 2.2.
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Ngudn May

nuBc cép suc khi

¥ l
Thilng chulin bj | M&hinh .|  Thingehis Thiing chudn bj Mé& hinh

dung dich Nitrat had nuwaic ra dung dich Khir Nitrat

+ T

Hinh 2.2. Sa d6 céng nghé x{r ly Améni biing phuong phap Nitrat hpé - Kht’r nitrat
1. M6 hinh Nitrat hoa

M6 hinh Nitrat hod dugc 1am bing nhua téng hgp trong su6t, hmh hOp chir nhat,
kich thuéc Bx L x H = 10 x 14.5 x 40 cm, dung tich chia 5,8 1, chia 1am 3 ngan. Vat li¢u
mang - gid thé vi sinh 1 sgi Acrylic chuyén dung, c6 dic tinh nhe, ré, dang s¢i xi xi (dé
ting do bam cho mang vi sinh vat - biofilm), dudng kinh 1.5 mm, két néi v4i nhau thinh
mang ludi, miu tring, do Cong ty Biofill, NET Co. Ltd. (Nhat Ban) san xuft. Vat li¢u
mang dugc b tri déu & 2 ngan ngoai, Nude duge dua vao mo hinh theo ch€ d6 xdo trdn
hoan toan (complete mixed), lién tuc 24/24h, bing Bom dinh lugng EYE LA Roller Pump
RP_2000 (Nhat Ban). Mo hinh dugc trang bi mdy suc khi Aquarium Air Pump 9600
(Trung Quéc) v6i I luong 0 - 1.1 1 Oy/p (20°C). Khong khi dugc din vio mo hinh bing
éng nhua mém, di qua Iun lugng k&, sau d6 t6t ddu khuy&ch tan khi bang d4 x6p dat & day
ngan gitia. Viéc suc khi gidn ti€p (khong truc ti€p dua khong khi vao khdi vat li¢u loc)
nham trdnh cho bin khéi xdo tron va rira troi ra ngodi theo nuée. Nham trdnh dnh sdng
mit trdi chi€u vao s& kich thich sy phat trién cla rong réu, mo hinh duge che kin. Dé dam
bdo cho didu kién lam viéc tot (20 - 25°C), mia dong mo hinh duge sudi 4m bang béng
den. M6 hinh duoc van hanh lien tuc tir 2/2003 - 7/2004.

2. Mo hinh Kha nitrat

M6 hinh Khir nitrat dugc lam béng nhua téng hop trong suét, hinh try, dirdng kinh
200 mm, cao 500 mm, dung tich 13,2 . Vat liéu mang cho mang vi sinh v4t ciing 1a soi
Acrylic Biofilm Net., hinh sg¢i, dudng kinh 1,5 mm, k&t néi thanh dang xuong c4. Vit liéu
mang duge bé tri déu trong toan bo thé tich ctia mo hinh. Nudc di qua moé hinh theo chiéu
tir dudi 1en trén. M6 hinh dugc che kin bing vai den dé tranh sy phat trién clta rén. Nudc
duge dua vao moé hinh bing bom dinh lugng Ismatec (Thuy Si). Mé hinh Khit nitrat ho4
duge van hanh lién tuc tir 2/2004 - 7/2004.

3. Chudn bi biin

Biin cho mé hinh Nitrat hod dugc chudn bi bing cich 14y bin tir bé Aeroten clia
Tram x{ 1§ nuée thai dang hoat dong (Toa nha Vietcombank), loc 14y bin thit, dua vao
binh suc khi lién tuc. Dung dich nuéi dugc cip theo mé (xem thianh phdn nudc pha dé
nudi mo hinh) cho téi khi xudt hién c4c vi khuén Nitrat hod. Mau nudc duge 14y & ddu vio
va ddu ra clia mé hinh dé theo ddi qué trinh Nitrat hod. Thoi gian tao bun nitrat hod kéo
dai khoang 2 thang (12/2002 - 2/2003). Sau d6 ~500 ml bin dac (dd ldng) dugc 14y dua
vao mo hinh Nitrat ho4. Bin dinh bdm t6t va phan bs déu trén toan bs khéi vat liéu mang
sau 1 h syc kh{ da cho thiy kha nang wu viét ciia sgi Acrylic.
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Ban cho m6 hinh Khir nitrat duoc tao tir bin cha m6 hinh Nitrat ho4 da van hanh tir
trude, cho chay tudn hoan trong diéu kién ky khi vdi dung dich nu6i ¢6 bé sung ngudn
cacbon.

4. Chuin bi dung dich nuoi

Dung dich nu6i mé hinh Nitrat hod 12 dung dich nhan tao, dugc chudn bi tir nuéc
mady, dé trong bon hés vai gids sau khi 14y tir vdi d€ cho bay hoi hét clo du (néu cd), sau dé
pha véi hén hop hod chdt nhu Bang 2.1. Ham lugng nito amén trong dung dich nuoi 1a ~
10, 20 v& 40 mg/L. Luong kiém dugc bd sung vao dung dich nudi tir 15/3/2003, thay déi tir
400 d&n 30 mg NaHCO,/1, va dugc ¢d dinh & gid tri 50 mg/l & cic giai doan sau, khi da
xac dinh dugc day 1a néng do t6i thiéu cén thiét.

Dung dich nu6i mé hinh Khir nitrat 13 nuc ddu ra clia mé hinh Nitrat hod, c6 bd
sung thém chét hitu co (ngudn cacbon). Trong giai doan diu, ddm an dugc ding lam
ngudn cacbon. Sau d6, ngudn cacbon duge thay bing dung dich axetat natri. Néng do
axetat natri dua vao dung dich 1a: 260 - 400 mg/l, dé dam bdo ty 16 COD/N cén thi€t ~ S -
6 (Henze, 2002), dé tranh hién tuong “d6i” (Starvation) va cho phép khir lugng oxy hoa
tan trong nuéc (n€u c6) khong cb lgi cho qud trinh Khir nitrat. Chi tieu COD dugc 18y
miu trong nudc ddu vio va ra ciia mo hinh Khir nitrat dé theo déi. '

Bidng 2.1. Nong dd dung dich nudi mé hinh Nitrat hoa

Hof cht . Néng 4o (mg/l)
NELCL 152,8 (1 12/2002 dén 2/2003); 76,4, iing v6i
N-NH,* = 40; 20 mg/]
MgS0,.TH,0 100
CH,COONa.3H,0 28,4 (tir 12/2003 d&n 2/2003); 0
K,HPO,.3H,0 - 91,7
NaHCO, 400 .. 50 (tir 16/3/2003)

Hinh 2.3, Vat liéu mang
Acrylic

5. Céc ché do van hanh mé hinh
Béng 2.2. Ch& dd van hanh mé hinh Nitrat hoa
Thoi gian S Ché d6 van hanh
20/12/2002 - 20/1/2003 | (i) Tao biin, khdi dong, chay tudn hoan
20/1/2003 - 12/5/2003 | (1) ... (3) HRT=21.2 b, N-N-NH," in = 20 ... 40 mg/l, NaHCO, = 0 mg/l

12/5/2003 - 23/7/2003 f:;n (10) HRT=21.2 h, N-NH," in = 20 mg/l, NaHICO, = 400 ... 50
23/7/2003 - 29/7/2003 | (11) HRT=16 h, N-NH," in = 20 mg/1, NaHCO, = 50 mg/l

29/7/2003 - 8/8/2003 (12) HRT=8 h, N-NH,* in = 20 mg/l, NaHCO, = 50 mg/l

8/8/2003 - 11/8/2003 (13) HRT=6 h, N-NH,' in = 20 mg/1, NaHCO, = 50 mg/l

11/8/2003 - 14/8/2003 | (14) HRT=4 h, N-NH,* in = 20 mg/], NaHCO, = 50 mg/l
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14/8/2003 - 20/8/2003

(15) HRT=2 h, N-NH,* in = 20 mg/l, NaHCO, = 50 mg/l

28/8/2003 - 27/8/2003

(16) HRT=1 h, N-NH," in = 20 mg/l, NaHCO, = 50 mg/]

27/8/2003 - 31/8/2003

(17) HRT=0.5 h, N-NH," in = 20 mg/l, NaHCO, = 50 mg/l

1/92003 - 24/9/2003
24/9{2003 - 4/10/2003
4/10/2003 - 21/10/2003
21/10/2003 - 23/4/2004
23/4£2004 - 30/7/2004

(18) HRT=2 h, N-NH,* in = 20 mg/l, NaHCO, = 50 mg/l
(19) HRT=2 h, N-NH," in = 10 mg/l, NaHCO, = 50 mg/l
(20) HRT=1 h, N-NH," in = 10 mg/l, NaHCO, = 50 mg/1
(21) HRT=2 h, N-NH,* in = 20 mg/l, NaHCO, = 50 mg/1
(22) HRT=1 h, N-NH,* in = 20 mg/l, NaHCQ, = 50 mg/l

Bang 2.3. Ch& dé van hanh md hinh Khr nitrat

Thi gian Ché do van hanh

5/1/2004 - 16/1/2004 (i) Chay tudn hoan. 0.02 - 0.16 1 dam/1, HRT =55 h.
16/1/2004 - 9/3/2004 (ii) ...
9/3/4004 - 28/3/2004

28/3/4004 - 14/4/2004
14/4/4004 - 23/4/2004
23/4/4004 - 12/5/2004
12/5/2004 - 16/6/2004
16/6/2004 - 22/17/2004

(iit) Chay tudn hoan. 130 - 340 mg CH,COONa.3H,0/1, HRT =5,5h
(1) Chay thing. 260 mg CH,COONa.3H,0/, HRT =5,5 h.

(2) 400mg CH,COONa.3H,0 I, HRT =5,5 h.

(3) 400mg CH,COONa.3H,0 /1, HRT =4,07 h. .
(4) 400mg CH,;COONa.3H,0 /1, HRT =3 h. B
(5) 400mg CH,COONa.3H,0 /I, HRT =2 h.
(6) 400mg CH,COONa.3H,0 /1, HRT =1 h.
22/7/2004 - 26/7/2004 | (7) 400mg CH,COONa.3H,0 /1, HRT =0,5 h.
26/7/2004 - 30/7/2004 | (8) 400mg CH,COONa.3H,0 /1, HRT =1 h.

Cic mo6 hinh dugc chay véi cac ché do khic nhau (Xem Bang 2.2, 2.3), muc dich 1a
xéc dinh cdc thong sd phii hgp sao cho dat hiéu qud xir 1y cao nhit nhung dam bdo yéu
cdu vé mat kinh t€. C4c tiéu chi d€ lya chon ché do van hanh la:

- Thoi gian luu nude t6i thidu, ddng nghia véi viéc giam khéi tich cong trinh xi 1y.
- Loai hod chét phdt hgp: chét nudi, nguén cacbon, chat kiém, v.v...

- Luong hod ch4t b6 sung t6i thiéu, dé giam chi phi van hanh tram xir 1y, nghia la
chi phi san xuft nude 161 thiéu nhung vin dat hi¢u qua xir 1y: chat kiém, nguén cacbon,
V...

- X4c dinh cdc yéu t0 khac anh hudng dén hiéu qua xtr l§ nhu nhiét d¢, do kiém,

ham lugng oxy hoa tan, sy cé mat va anh hudng clia cdc hop chat gay tc ch& qua trinh xU
1y nhu sit, mangan, nitrit, v.v...

I1I. CAC KET QUA NGHIEN CUU VA THAO LUAN
1. Mo hinh Nitrat ho4

M6 hinh van hanh vé6i ham lugng nito amoni trong nuéc thi nghiém ~ 20mg/1 (14 gid
tri N-NH,"* cao trong nudc ngdm & mot s& nha mdy nudc cha Ha N6i hién nay), qué trinh
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XIr 1y dat hi¢u suft cao, tir 93,2 - 99,9% (trung binh 98.7%) v6i thdi gian luu nuéc HRT
t6i thiéu = 1h. Ham luong N-NH,* sau m6 hinh chi con x4p xi 0 - 0.53 mg/l.

Trong giai doan khdi dong, cdn bd sung them cdc chat dinh dudng nhu N, P trong
dung dich nu6i mé hinh, do ham lugng céc chat nay trong nudc ngdm thudng thdp. Khi
m6 hinh [am viéc én dinh, khong cén bé sung cic chit dinh duéng nita. M6 hinh dat dugc
do 6n dinh theo hiéu qua xir 1y sinh hoc sau thdi gian 2 thang van hanh.

Vit liéu mang Acryhc hoan toan phl hcfp Iam gi4 thé dinh bam vi sinh trong X 1y
hi€u khi. Viéc suc khi gidn ti€p cho phép mang vi sinh vat dugc gilt 6n dinh & trén vat
lidu. C6 thé thuc hién viec suc khi truc ti€p trong nhiing nghién citu tiép theo.

Véi ham luong amoni trong nudc ngdm <11 mg/l, c6 thé chi cdn thuc hién mot qué
trinh Nitrat hod. Néu him lugng nitg amon trong nudc 16n hon, cdn thuc hién ca 2 qué
trinh Nitrat hod - Khi nitrat, 4 c6 thé dat yeu céu chat luong nudce véi ca chi tieu NO;, vi
NH,* duoc chuyén hod thanh NO; (Tiéu chudn nudc uéng cia Bo Y té: NH,* < 1,5 mg/l,
NO;" < 3 mg/l, NO; < 50 mg/l).

C#u triic lya chon ciia mé hinh tuong ng véi tai trong theo N-NH, (NLR) trén mot
don vi khéi tich clia bé phan tmg xac dinh duoc 1a: NLR = 0.01 - 0.62kg N-NH,/(m® ngd)
hiéu qua xir 1y NH,* dat cao va én dinh, tix 93.2 - 99.9% (trung binh 98.7%). Chua c6 diéu
kién xdc dinh tai trong hitu co t6i da cho phép trén sinh khéi.

Sau qud trinh Nitrat hod, d0 kiém va pH clia nudc sau xir 1y gidm, do phan iing
Nitrat ho4 tiéu thu ion HCO5 (xem phuong trinh (1.4)). Néu d6 kiém trong nudc ngubn
khong dam bdo, c4n bé sung thém kiém. Theo 1y thuyét, qud trinh Nitrat hod dién ra t6t
nhdt & pH = 7 - 7.8. Khi pH < 7 tham chi qu4 trinh Nitrat hod cé thé bi kim ham. Diéu
ndy cling dugc kiém chimg trong trong giai doan ddu ca qud trinh thi nghiém, mo hinh
Nitrat hod khong duge bé sung thém kiém. Khi ta cho hdm lugng kiém phd hop thi qué
trinh x{r I§ dat hiéu qua cao, én dinh. Véi nguén nudc 14y cho thi nghiém tai Trung tim
CEETIA, liéu lugng kiém. t6i thi€u cdn b8 sung 1a 50 mg NaHCO4/l. Ty 1& chuyén ho4
NH,* va d6 ki€m theo 1§ thuyét (Gujer & Jenkins, 1974) dugc kiém chimg tir két qua thgc
nghiém. Néu ham lugng kiém b8 sung nhiéu, pH cao, lai khong c6 loi cho qué trinh xir 1y,

do NH,* chuyén thanh dang NH3 tir do 13 chét kim hdm qué trinh phat trién ctia vi sinh
VAL.

Oxy hoa tan (DO) luon dat gid tri t6i thiéu, > 4 mg/l. DO thdp din dén him luong
san phdm trung gian NO;’ cao, do khong duoc chuyén ho4 thanh NO5, 12 chét kim ham,
lam gidm hiéu sudt xir 1y. Nhiét do > 20°C thich hgp cho qu4 trinh Nitrat hod. Nhiét do <
20°C dudng nhu khong thuan lgi cho qua trinh xir ly.

Luong bin du nhidu 4nh huong dé’n hiéu qla xir ly. Trong giai doan cudi cla thi
nghiém, luong biin sinh ra nhi€u, mang vi sinh day, ty 1&¢ F/M khong thich hop va diéu
kién hi€u khi khong didm bao cho vi sinh 1 1§ do din dén hiéu qua xir 1¢ gidm (Hinh
2.2/e). Viéc suc khf truc tiép va x4 bin du c6 thé khic phuc dugc han ché nay.

2. M6 hinh Khir nitrat

M6 hinh duoc van hanh ti thoi gian ddu thang 2/2004 cho dé&n cuéi thang 7/2004.
Sau gin 6 thang dua mo hinh vao van hanh, k€t qua thyc nghiém cho thdy mé hinh hoat
dong t6t, 8n dinh, Hiéu qua Khir nitrat dat trung binh 95.14%. Thdi gian luu nudc t6i
thiéu dé dat hiéu suft cao va 6n dinh (> 95%) 12 HRT = 2 h. Giam thoi gian liu nudc
xudng lh va 0,5h din dén hiéu qua xir 1y thdp va khéng 6n dinh (90 - 95%). Du Tiéu
chudn cho phép déi v6i néng d6 NO; 1a 50 mg/l, nhung qu4 trinh khir xay ra khong hoan
toan dé 1am cho néng d6 san phdm trung gian chia qua trinh Khir nitrat 12 NO,” trong nudc
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cao. Ban than nitrit cung 1a chét doc, tic ché va kim hdm qua trinh chuyén ho4 hitu co smh
hoc, ddn dén hiéu qua xir Iy khong dat két qua 16 vu.

Vat liéu mang Acrylic hoan toan pht hgp 1am gia thé dinh bam vi sinh trong xu ly
ky khi.

Do kiém va pH ctia nudce sau xu ly tang Diéu nay phu hop véi 1y thuyét. Gid tr1 pH
trong bé phan ng dat 6.89 - 8.19. Diéu nay cho thdy viéc bé sung thém kiém vao qui
trinh Nitrat ho4 cdn ¢6 ¥ nghia lam cho qud trinh Khir nitrat sau d6 duoc 6n dinh. Theo Iy
thuyét thi qu4 trinh khit nitrat dién ra t6i wu véi pH=7- 8.

Sau x{r Iy NO, & ddu ra mo hinh Khit nitrat vin codn c6 hic cao hon tiéu chuén cho
phép (3 mg/l). Diéu ndy c6 thé gidi thich do phan itng Khir nitrat chua xay ra hoan toan,
v6i san phdm trung gian NO,, trong diéu kién moi trudng khong thich ‘hop (pH, nhiét do,
hoac do s ¢6 mat clia cdc chét dc ché,...). Cin suc khi bd sung sau qué trinh x& 1y Ciing
¢6 thé do ILIo‘ng nito amoén con du trong nudc vio mo hinh duoc Nitrit hod nhd cac vi sinh
vat higu khi c6 trong mo hinh. D€ khéc phuc vén dé trén, cé thé thuc hién céc giai phap
tang thdi gian luu nuéce va diéu chinh ty 1¢ F/M phil hop; bd sung thém axetat natri dé sir
dung hét oxy hoa tan con trong nudc; suc khi b8 sung sau cong doan Khit nitrat.

Nong d6 co chét cdn thiét dé khir nitrat, nitrit va DO (khong ké sinh téng hop t€ bao)
C, tinh bing phuong trinh:

C,=0.357 W_(1,0N-NO; + 0,6N-NO, + 0,350,) (3.1

trong d6: W, - duong lugng electron clia co chat (g); cdc néng d6 tinh bing g/m’

(McCarty et al., 1969). Chuyén déi N-NO, va O, vé néng do duong lugng cha N-NO;, ta
cé:

C, =0,357TW, N-NOy (3.2)
Néu tinh ca lugng co  chat a¢ sinh téng hgp t& bao thi:
C, = 0,357W.CN-NO; eq (3.3)

Trong d6 C, 1a ty s6 tiéu thy C;’ : C, (McCarthy, 1969). Néu tinh co chat qua COD
(mg/1) thi W, c6 gia tri bing 8g COD, khi d6 nhu cdu co chét bang:

COD =2,86 C,N-NOy (3.4)

Gia tri C, dao dong trong khodng tr 0,8 - 3,6 tuy theo loai co chit sit dung
(Monteith, 1980).

Trong nghién citu nay, khi h¢ Khir nitrat hoat déng én dinh, gia tri trung binh CODi,I
= 144.1 mg/1 + 11.3 (SD), COD,,, = 32.8 mg/l + 9.6 (SD), ham luong trung binh cua cédc
hop chélt Nito (quy d6i ra N-NO;;) ddu vio la N-NOy, (in) = 17.0 mg/l + 1.6 (SD), &
ddu ra 1a N-NOy', (out) =1.0 rng/l T 0.4 (SD) (Xem Hinh 2 2 (d)). Ta tinh dugc C, = 2.42.
Gid tri nay phi hop v6i céic gid tri thu dugc clia cdc nghién ciu khéc trén thé gidgi. C, >1
nghia 12 sy tieu thy co chat dé tng hop t& bao nhidu hon dé€ khir NO;". Diéu nay cling cho
thdy ham luqng co chat cén thi€t 1a: COD/N ~ 6.92. Tinh dugc ty 1é nay, ta s& biét dugc
néng 46 co chét cdn dua vio trude qud trinh Khir Nitrat, dd d€ qué trinh n3y dién ra va
khéng ch& duoc néng d6 COD d4u ra.

Chiing t6i cling da ti€n hanh x4c dinh tai trong Nitrat (NLR) tng véi timg ché do
van hanh cliia m6 hinh. Két qua thu duoc 14 NLR = 0.04 - 0.16 g N-NOy/(g VSS.ngd).
Khoang gid tri niy cho phép mé hinh dat hiéu sudt xit Iy theo NO," cao va 6n dinh (90.1 -
98.4%, trung binh 94.2% + 2.5 (SD)) (Xem hinh 3.1 (c), (f)). Gi4 tri ndy ciing thich hgp
véi céc nghién citu khdc trén thé giGi (0.03 - 0.11 g N-NO,/(g VSS.ngd) [1], [4]. Khi cé
di co chat, vat liéu mang Acrylic con cho phép dat mat do sinh khéi cao, din dén hiéu
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r§ligE e 19 cao ké ca véi tai trong NLR 16n hon (161 48%) so véi cac nghién citu trude day.
Tuy:whien, NLR > 0.15 g N-NO,/(g V55.ngd) cho phép dat hi¢u sudt E < 95%. (Xem
:hink 31 (). Tai trong NLR trén mot don vi kh6i tich cha bé phin tng duge x4c dinh
‘NLR = 0.09 - 0.39 kg N-NO,/(m*.ngd).

H.©  Ngubn cacbon dugc b6 sung cho qud trinh Khir nitrat 12 axetat natri. Viéc bd sung
-d4m an khong mang lai két qua x{ Iy mong mu6n, do moi trudng sau khi bé sung d&m &n
khong thuén igi cho vi sinh vat (pH, Ki,...). B sung ddm an cdn dé 1am cho bé phan ung
va dudmg &ng c6 nhiéu loai nfm mdc phit trién, mii khé chiu,...

Ham lugng nito amén trong nudc sau bé Khi nitrat ting so véi ddu vio. Diéu nay ¢
thé dugc gidi thich do qud trinh phan huy ky khi t& bao chét clia céc vi sinh vat trong b€
phan tng. Diéu nay cho thdy c4n thi€t phai suc khi va loc bé sung dé kiém so4t nito amon
ciing nhu cin trong nudc ddu ra, ddng thdi cung cdp oxy chuyén hoa cdc chdt hitu co du.
Kiém sodt mii ciing 12 mot 1§ do cén thiét phai suc khi bé sung sau Khit nitrat.

Hiéu suft xit 1y cla cé hai qud trinh cao va én dinh, cho thdy cong nghé x{r 1§ amoéni
trong nudc ngdm bing phuong phép sinh hoc: Nitrat hod - Khi¥ nitrat, v6i gia thé c6 dinh
vi sinh 13 sgi Acrylic, 12 rdt kha thi, cdn c¢6 nhimg nghién cttu ti€p tuc d€ hoan thién va
dua vao ing dung trong thuc t&.
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Hinh 3.1. Két qua thi nghidm cdng nghé x{ Iy nwdc ngdm nhiém Amani

bing phudng phap sinh hec
M0 hinh Nitrat ho4: Sy thay d6i cha Nhiét d6 (T°), pH, D6 kiém (Ki);
M6 hinh Khit nitrat: Sy thay d8i cia Nhiét do (T°), pH, Do kiém (Ki);

Mo hinh Khir nitrat: Mé&i lién hé giira tai trong theo nito - nitrat (NLR, mg N-NO,/
g VSS.ngd) va hiéu sudt xit 1§ (E, %);
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M0 hinh Khit nitrat: Méi lién hé giita lugng COD tiéu thu va hidu sust xit 1y (luong
N-NO;" dugc loai bo);

M0 hinh Nitrat hod: Hiéu suft qué loai bo amoni theo timg ch& do van hanh
M8 hinh Khit nitrat: Hiéu sudt loai bo nitrat theo ting ch& d¢ van hanh.

IV. KET LUAN

Két qua nghién citu cho théy xif I¥ nuéc ngdm nhiém amoni bang phuong phép sinh
hoc, két hop Nitrat hod va Khir nitrat, véi vat liéu mang 13 soi Acrylic, 12 hoan toan cé thé
ap dung dugc, véi hiéu suft cao, c6 do tin cdy va én dinh. Bdo cdo ciing di cung cfp
nhiéu thong s6 quan trong tir két qud nghién ciu van hanh mo6 hinh trong phong thi
nghiém, d& phuc vu cho cong tdc nghién ciu tiép theo, ciing nhu phuc vu cho viéc trién
khai 4p dung thuc tién céng nghé néi trén & quy mo cong nghiép, hudng téi giai quyét
mét vin d€ dang nong héi va quan trong trong linh vic cfp nude & Ha Noi, duge chinh
quyén thanh ph6 va cong déng cling nhu cdc nha chuyén mon rdt quan tam.

LOI CAM ON

Tac gia xin cAm on Trudng DPHXD Ha Noi di tao didu kién thuc hién dé tai. Cam on
Chuong trinh Céc trudng dai hoc trong di€ém, do JSPS (Nhat Ban) tii trg, da tao diéu kién
cho nhém nghién ctu tham quan hoc tap kinh nghiém qudc t€. Xin cam on PGS. TS. Cao
Th€ Ha va cdc déng nghiep tai TT CETASD, PHKHTN, DPHQG HN di chia sé thong tin
va hgp tic nghién ctu. Tran trong cdm on cdc déng nghiép tai Trung tam KTMT
DT&KCN, DHXD Ha No6i da déng gép kinh phi va tham gia thuc hién dé tai. Cam on cdc
CB phén tich: KS. Trdn Hi€u D2, ThS. Trdn Minh Nguyét, CN. Nguyén Quéc Hoa. Xin
cim on nhém SV NCKH tham gia van hanh mé hinh: Nguyén Hoang Tu4n, Hoang Dinh
Gidp, Nguyén Thi Huyén Trink, Trin Anh Tufn (44 CTN, DHXD), Lé Trung Tho,
Truong Kién Trung, Bii Ngoc Linh, Nguyén Quéc Tudn (45 CIN, DPHXD), Trdn Thi Thu
Nga (46 CTN, bHXD).
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