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(54) QUY TRINH XU LY BPONG THOI NH4+ VA COD O BIEU KIEN KHU FE3+
TREN HE THONG BE KY KHI

(57) Sang ché dé cap dén quy trinh xir Iy dong thoi NH,* va COD ¢ diéu kién khir Fe3*

trén hé thong bé ky khi theo sang ché bao gdm cac budc:

(i) thiét 1ap hé thong bé ky khi;

(ii) lam giau vi khuan feamox; va

(iii) xtr Iy nude thai c6 ham lwong NH,* va COD cao theo ché d6 van hanh lién tyc.

Quy trinh theo sang ché sir dung ching vi khuan Pseudomonas stutzeri FN9 dugc phan
1ap tir bun cta nha may xt 1y nudc thai ché bién thiy san c6 kha ning oxy hoa NH,* véi
tbc d6 44,64 mg/L/ngdy va khir Fe3* véi tbe d6 208 mg/L/ngdy. Trinh ty 16S rADN cua
chung FN9 duoc luu gitr trong ngan hang dir liéu GenBank v&i ma sé6 MT568614. Hé vi
khuan feammox dugc 1am giau trong cac bé ciia hé thong sir dung bun tir nha may xu 1y
nude thai ché bién thuy san va chung FN9 dugc phan 1ap trong sang ché. Moéi trudong lam
giau chira NH," 1am chit cho dién tir, Na-axetat lam ngudn cacbon va ferryhydrit lam chét
nhan dién tir. Viéc loai dong thoi COD va NH;* dat hiéu qua cao nhat khi ty 1¢
[COD]/[NH4] trong nudc thai dat 1,4. Quy trinh xt Iy ap dung vdi dong thai chira < 100
mg/L NH," va COD theo ty 1¢ v6i NH4" 1a 1,4 theo ché d6 lién tuc véi van tde 17% thé tich
cua toan b hé théng dat hi¢u qua loai t61 >90% NH,* va >60% COD vdi thoi gian luu 1a 6
ngay, san pham chuyén héa NH," 14 khi N,.
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Linh vwe ky thuat dwoc dé cap

Sang ché dé cap dén phuong phap dong thoi loai NH,™ va COD trong nuéce thai &
diéu kién ky khi, dua trén hoat tinh oxy hoa NH," két hop khtr ion sit Fe** cua vi sinh vAt.
Cu thé, séng ché d& xuét quy trinh xir Iy ddng thoi NH," va COD & diéu kién khir Fe’ trén
hé théng bé ky khi. Viéc loai NH," va COD & didu kién ky khi khir Fe** khi ap dung quy
trinh nay dat hiéu qua cao, khong tiéu t6n nang luong, 14 giai phap cong nghé méi trong Xt

ly nudc thai giau amoniac.
Tinh trang k§ thuit ciia sang ché

Nuée thai ¢6 ham lugng amoniac cao 12 ngudn 6 nhiém nguy hiém can duge xir Iy
trudc khi x4 ra moi truong. Tiéu chudn x4 thai danh cho NH," ap dung dbi v6i cac loai
nude thai 1a 5 mg/L (kénh A) hodc 10 mg/L (kénh B) (TCVN:2014-BTNMT), va dan tién
t61 thong nhat & mic kénh A. Amoniac 1a nguyén nhan gay ra tinh trang thiéu oxy trong
nude do hoat dong cua vi khudn nitrat héa (1 mg NH,™ doi héi 4,6 mg O,), anh hudéng dén
cac loai sinh vat nudc (Bitton, 1999). Du lugng NH," trong céac thiy vuc co thé dan dén
hién tuong pht dudng cua nudce, tao didu kién cho cac thuc vat nude, dic biét 1a vi tao
phét trién nhanh, 1am chét cac dong vat thity sinh do thiéu oxy (hién twong tio nd hoa)
(Abdel-Raoulf, 2012). Nguoi, dac biét 1a tré em, thu nhin nguén nude ¢6 ham lugng NH,"
cao s& c6 nguy co tich lily cac hop chét nitrit trong co thé, c6 thé (i) oxy héa F ¢”" trong
hemoglobin thanh Fe*, két hop v6i hemoglobin tao thanh methemoglobin, khong c¢6 kha
ning vin chuyén oxy din dén co thé bi thiéu méu, hodc (ii) két hop véi cac amin tao

nitrosoamin, 14 tic nhén gy say thai, dot bién gen va ung thu (Bouchard et al., 1992).

Thong thuong, nude thai ¢ ham lugng COD va NH," cao nhu nudc thai tir cac hé
théng chan nudi gia suc, ché bién thuc pham... duge xir Iy trong cic hé thdng ky khi
chuyén hoa COD thanh metan, sau d6 loai NH," theo nguyén ly nitrat hda — khir nitrat. Hai
qué trinh nay can duoc dién ra doc 1ap vi (i) chuyén héa COD thanh metan 1a qué trinh ky
khi hoan toan, man cam v&i ndong dd NH," cao trong hé thdng, trong khi d6 (ii) nitrat héa
1a qua trinh hiéu khi nho cac vi khudn ty dudng vo co, man cam véi ham lugng COD cao
trong hé thong (Bitton, 1999; Letinga et al., 1997). Toan bd qua trinh xi ly COD ky khi
sinh metan va loai NH," theo nguyén ly nitrat hoa — khir nitrat dién ra theo cic phuwong
trinh phéan trng nhu sau (Bitton, 1999):
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CH4 + CO, + H, + NH; + H,S (qua trinh 1én men sinh metan)

[CH,0] —
NH, + 1,5 0, —  NO, +2H" + H,0 (qué trinh oxy héa amoniac)
NO, +0,5 0, —  NO;™ (qua trinh oxy hoéa nitrit)

[CH,O]* +NO;~ — N, + CO,+ H,0 (qua trinh kht nitrat)
* Chi thich: [CH,0] 1a cong thite rat ngén bidu dién cho chét hitu co

Loai COD & didu kién ky khi sinh metan 13 k§ thuét dugc 4p dung tir thé ky 19 dén
nay van thé hién tinh hiéu qua cao, dugc ap dung theo cac hinh thirc cong nghé khic nhau
nhu bé biogas, UASB, AF, bé tu hoai (Bitton, 1999). Qua trinh duogc thuc hién nho td hop
cac vi sinh vat (& dang bun ky khi) déng vai trd khéc nhau trong chuyén héa cacbon hitu
co thanh metan, cu thé 1a (i) thity phan cic hop chat cao phan tir thanh don phan, (ii) lén
men sinh axit, (iii) chuyén héa axit béo bay hoi (VFA), hydro thanh axetat (nhom
acetogen) va (iv) sinh metan tir hydro va axetat. Qua trinh ky khi chuyén héa COD thanh
metan dugc Ung dung dé xt Iy ngudn thai c6 ham lwong COD rt cao, thAm chi t§i hang
chuc nghin mg/L (Lettinga et al., 1997).

Nitrat héa 13 qué trinh chuyén hoa sinh hoc tdi quan trong, thuong 1a yéu t6 han ché
(Limiting factor) di v6i toan bd qué trinh loai NH,™ (Bitton, 1999). Piéu kién thuan loi cho
budc nitrat hda xay ra la ham lugng oxy hoa tan ¢ mirc > 2 mg/l, nhiét do ¢ mtrc 30°C, pH
ndm trong khoang 7,5 — 8 va ty 16 BOD/TKN & mirc 3 (Schapleigh, 2000). Trong thuc té,
kho thiét 1ap didu kién t6i vu dé qua trinh nitrat héa dién ra hi¢u qua, ddc biét do céc vi
khudn nitrat hoa sinh trudng tu dudng vo co, co tinh man cam cao dbi véi cacbon hitu co

va ¢6 nhu cdu vé nang luong dé cdp oxy rat 1on (Bitton, 1999).

Céc qua trinh xtr Iy ky khi ¢6 wu diém vuot trdi so v6i cac qua trinh xt Iy hiéu khi do
hoan toan khong tiéu tén nang lugng. Tl nhitng nim 1980, cong nghé xir Iy NH," trong
nudc thai theo nguyén ly anammox da dugc nghién ctru va dp dung ¢ mot s6 qudc gia tién
tién nhu Ha Lan, Nhat Ban, cho phép tiét kiém 50% nang lugng (Sheela, Khasim, 2014).
Céc ching vi khuin anammox duoc phan lap téi nay thudc 5 chi cia nganh
Planctomycetes, cu thé 1a Brocadia, Kuenenia, Anammoxoglobus, Jettenia, va Scalindua
(Pereira ef al., 2017). Phuong trinh phan tng cia qua trinh anammox dién ra nhu sau:

NH," +NO, — N, + 2H,0.

Hé théng xtr Iy NH," vén hanh theo ché do Sequencing Batch Reactors (SBR) la
phuong an cong nghé dua trén nguyén ly annamox (Bae ef al., 2016). Cong nghé dugc van
hanh theo 2 buéc, trong d6 budc thir nhit 1a nitrit héa (hidu khi) nhd vi khudn oxy hoa
NH," Nitrosomonas spp. 2NH;" + 30, — 2NO, + 4H" + 2H,0) va budc thir hai 1a ky khi



34961

oxy hoa NH," béng nitrit thanh nito nhe vi khuan anammox (NH," + NO,” — N, + 2H,0).
Mic di ¢6 uvu diém 1a tiét kiém ning luong trong qua trinh vAn hanh, cong nghé xu ly
NH," theo nguyén ly anammox c6 mot s6 diém han ché nhu (i) min cam véi didu kién oxy
trong hé xir Iy do két hop hai qué trinh hiéu khi (oxy héa NH," thanh NO,™ nho vi khuén
Nitrosobacter) va qua trinh ky khi (oxy héa NH," két hop v6i khir NO,” nhd vi khuén
anammox), (ii) ty 16 NH,/NO,™ can dugc duy tri én dinh dé phan (mg anammox c6 thé
dién ra hoan toan, (iii) tdc do sinh truéng cta vi khudn anammox rit cham (10 ngay — 2
tudn), do vy kho tao ra luong sinh khéi du 16n dé van hanh cac hé théng xir Iy (Bae et al.,
2016; Duetal.,2014).

Trong vai nam gan day, mot con duong chuyén hoa NH," méi c6 tén goi 1a feammox
dugc phat hién ¢ vi sinh vat, theo do NH," duoc sir dung lam nguén dién tur dé kht Fe** va
tich Iy nang lugng cho qua trinh sinh truéng (Clemen et al., 2005; Sawayama, 2006;
Shrestha et al., 2009; Yang et al., 2012). Vi sinh vat feammox dau tién duoc phan 14p 1a
Acidimicrobiaceae sp. A6 c6 kha ning oxy hoa NH," két hop vé6i khir Fe** & pH thap (pH
4 —5), NH," duge chuyén héa thanh NO,, trong khi Fe** bi khir thanh Fe*', qué trinh dién
ra theo phan g nhu sau (Huang, Jaffe, 2018):

3Fe,04-5H,0 + 10H + NH," — 6Fe”" + 8,5H,0 + NO,~

Trén co s& dic tinh sinh hoc ctia nhém vi khudn feammox nay, Jaffe va cong su (Dai
hoc Princeton) da dé xudt giai phdp méi cho viéc loai NH," trong nudc thai (Jaffe ef al.,
2015). Qua trinh loai NH," nho vi khuén feammox dugc thuc hién trong diéu kién ky khi
hoan toan, do vay khong tiéu tén nang lugng dé cip oxy cho buéc nitrat héa nhu & cac quy
trinh cong nghé trude ddy. Ching vi khuan feammox Acidimicrobiaceae sp. A6 sinh
trudng trong diéu kién pH thép (4 — 5) va tu dudng (st dung CO, lam ngudn cacbon dé
sinh trudong) (Jaffe et al., 2015; Huang, Jaffe, 2018). Do vdy, viéc 4p dung loai vi khudn
nay dé loai NH," trong nudce thai trong thuc té & bi han ché boi 2 yéu td (i) cacbon hitu co

va (ii) pH. Theo d6, quy trinh xtt Iy can c¢6 hai budc hd trg nhu sau:

- Tht nhat, cacbon hitu co trong nude thai cin duge xir Iy bang lén men ky khi sinh
metan truéc khi chuyén sang quy trinh loai NH, bang vi khudn feammox
Acidimicrobiaceae sp. A6 d& giam thiéu su canh tranh cta cac loai di dudng ciing

nhu d4p ung tinh man cdm cuia vi khuan nay ddi véi cacbon hitu co.

- Tht hai, pH cda nude thai sau budce 1én men sinh metan ¢6 tinh kiém (thudng & mirc

7,5 — 8) can duogc didu chinh vé 4 — 5 dé pha hop v6i vi khuan nay.



34961

Trong thuc té rit thuong gip nude thai ddng thoi chira NH," va cacbon hitu co &
ndng do cao. Viéc két hop loai hai chit 6 nhiém nay ¢ diéu kién ky khi s& gitip rit ngén
thoi gian xir ly. Do d6, van ¢6 nhu cdu vé quy trinh xtr Iy nudc thai ¢6 kha nang xt 1y dong
thoi NH, va COD & diéu kién ky khi cé hi¢u qué cao hon.

Ban chit k§ thuit ciia sing ché

Sang ché d& xuét quy trinh xir 1y ddng thoi NH," va COD & diéu kién khir Fe*" &
dang ferrihydrit 12 chit nhan dién t&r duy nhét trén hé théng bé ky khi. Cac yéu t6 lién quan
dén hiéu qua xir Iy nhu ndng do NH,", ty 18 [COD]/[NH,], hiéu dién thé oxy hoa khtr, pH
mdi trudng trong hé théng xir ly dwoc xac dinh & muc t61 vu. Quy trinh tng dung ching vi
khuin thuan khiét Pseudomonas stutzeri FN9 véi kha nang oxy héa NH,™ di dudng va khir
Fe**. Ching Pseudomonas stutzeri FN9 dugc phén 18p tir 16p bun sit cia nha may xtr Iy
nude thai ché bién thiy san. Ching vi khudn nay duoc st dung dé lam gidu hé vi khuin
feamox ng dung trong quy trinh theo sang ché.

Quy trinh xtt 1y ddng thoi NH,™ va COD & didu kién khit Fe* trén hé théng bé ky khi
theo sang ché bao gdm cac budc:

(i) thiét 14p hé thong bé ky khi;

(ii) 1am giau vi khuan feamox; va

(iii) xr ly nudc thai ¢ ham lugng NH," va COD cao theo ché d6 van hanh lién tuc.
MB& ta vén tit cdc hinh vé

Hinh 1 13 hinh anh so d0 thiét ké hé théng bé ky khi dé xir ly nude thai c6 ham lugng
COD va NH," cao & diéu kién khir Fe’".

Hinh 2 13 hinh anh té bao ching FN9 phan 14p tir bun ctia nha may x{r ly nude thai
(A) va cdy phan loai dua trén trinh ty 16S rADN ctia ching FN9 so véi cac loai lién quan
da cong bd trén ngan hang dit liéu GenBank (B).

Hinh 3 14 hinh anh hoat tinh oxy héa NH," va khur Fe’" ctia chung FNO.

Hinh 4 14 hinh 4nh minh hoa hoat tinh oxy hoa NH," cta hé vi khudn feammox duoc
lam gidu trong hé thdng bé ky khi quy md phong thi nghiém.

Hinh 5 12 hinh 4nh thi nghiém van hanh h¢ théng bé ky khi theo mé dé xé4c dinh ty 18
[CODJ/[NH,] phit hop cho qué trinh loai dong thoi COD va NH," ¢ diéu kién khir Fe™".
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Hinh 6 13 hinh anh khi N, tao thanh trong céc bé ciia hé thdng xt 1y khi xir Iy nuée
thai ¢6 ty 16 [COD]/[NH,'] khac nhau theo ché do mé.

Hinh 7 13 hinh anh két qua xir ly dong thoi NH," va COD cua dong thai co ty 18
[COD]/[NH,'] = 1,4 trén hé théng bé ky khi theo ché @ van hanh lién tuc.

M ta chi tiét sang ché

Sang ché d& quy trinh xir Iy ddng thoi NH," va COD & diéu kién khit Fe® trén hé
thdng bé ky khi, quy trinh theo sang ché gdm cac budc nhu sau:

(i) Thiét 1ap hé thong bé ky khi:
Thiét 1ap hé théng bé ky khi gdm 3 bé ky khi, c6 néip ddy kin khi, kich thuéc bing

nhau, va 1 bé ling khong co6 ndp day, trong do thé tich lam viéc cua bé ling 16n hon thé
tich 1am viéc ctia bé ky khi. Ngudi c¢6 hiéu biét trung binh trong linh vuc x Iy nude thai s&
biét cach x4c dinh thé tich lam viéc trong hé thng bé ky khi. Trong mdi bé, bd sung gia
thé hat nhua kich thuée 12 x 7 mm (dién tich bé mit riéng 1a 850 m*/m’), trong d6 thé tich
gid thé hat nhua bing 1/30 so véi thé tich lam viée cta bé ky khi. Nude thai di chuyén lan
luot qua céc bé théng qua cac éng nbi hudéng day, dam bao duge tiép xtic v6i 16p gid thé

chtra vi sinh vat.
(i) Lam giau vi khun feammox (oxy hoa NH,", khir Fe’*)

Pua vio cac bé ky khi ngudn Fe** & dang dich huyén phu ferrihydrit, dwge chuan bi
theo phuong phép do Ratering (1999) mo ta. Fe’* & dang ferrihydrit nhw duge tao ra theo
phuong phap nay dé tham gia céc phan (mg héa hoc va sinh hoc nhit. Trong diéu kién thuc
té ¢6 thé sir dung bun st tir cac nha may xt Iy nude sach hay bun do tir cac diém khai thac
bun do b6 xit 1am ngudn Fe’". Mbi truong khoang danh cho vi khuén khtr Fe** (Ratering,
1999) duge dudi oxy bing khi N,/CO, (90/10, thé tich/thé tich) trong thoi gian 3 — 5 phut
va chuyén vao céc bé cua hé théng xr ly bang bom nhu dong. Mdi trudong dugce 6n dinh
pH67-72 bang hé dém bicacbonat NaHCOj; (30 mM) hodc déa voi dép nho tuy diéu kién
thuc te.

Dé tao hé vi khuan feammox, bun tir nha may xt ly nuGe thai ché bién thuy san dugc
str dung 1am ngudn vi sinh vét ban dau va duoc bd sung vao cac bé theo ty 16 10% thé tich.
B& sung dich nuéi cdy ching vi khuén Pseudomonas stutzeri FN9 vao cung v6i bun sat
theo ty 16 3% thé tich. Cac bé ky khi ctia hé théng sau d6 dwoc dong kin va dich dugc bom
tuan hoan v&i tbe do twong duong 17% thé tich chtra cia toan bd hé théng/ngay dém, nhiét
do 6n dinh ¢ 28 —32°C.
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Chung vi khuén Pseudomonas stutzeri FN9 dugc phan 1ap tir bun ctia nha may xu Iy
nude thai ché bién thiy san, st dung phuong phép 6ng thach ban 16ng. Chiing nay c6 trinh
tu 16S rADN tuong déng t3i 99% so v6i loai Pseudomonas stutzeri, 1a mot loai vi khudn
di dudng dugc md td vdi déc tinh trao dbi chét da dang, trong d6 c6 kha ning oxy hoa
NH," di dudng va khir Fe’* (Lalucat et al., 2006). Trinh tu 16S rADN ciia chiing FN9
duge dang ky trén ngan hang dit lidu GenBank v6i md s6 MT568614. Ching vi khudn
Pseudomonas stutzeri FN9 duoc bao quan & dang dng dong kho tai Vién Vi sinh vat va
Cong ngh¢ sinh hoc, Dai hoc Quéc gia Ha Noi.

Hoat tinh cia vi khudn feammox trong bun ky khi dugc danh gia thong qua ham
luong NH," bi loai. Sau 25 ngay, hé vi khuén feammox trong bun ky khi ¢6 hoat tinh oxy
héa NH," va khit Fe** cao. Hé vi khuan feammox dugc hinh thanh & day cac bé ky khi ctia

hé théng, cht yéu bam dinh trén bé mit gi4 thé nhua va cdc hat ferrihydrit.
(iii) Xt Iy nuée thai ¢6 ham lugng NH," va COD cao theo ché d6 van hanh lién tyc

Rut dich mdi truong ra khéi cac ngin ky khi sao cho khong anh huéng t6i 16p bun da
dugc hinh thanh & day.

Xéc dinh ty 16 [COD]/[NH,'] trong nudc théi can xt 1y va thuc hién didu chinh &
muc 1,4. Viéc xac dinh ty 1¢ [COD]/ [NH,'] trong nuéc thai ¢ thé duoc thuc hién béng
cach do ndng d6 COD va NH,". Trong truong hop ty 1€ nay trong nudce thii khong phi
hop, thuong la thiéu hut COD, thuc hién diéu chinh béng cach bd sung nguén cacbon hitu
co don gian (nhu axetat) hozic hdn hop (nhu ri duong hay nude thai chan nuéi), thanh phan
COD va NH," can dugc xac dinh trude khi bd sung.

Dich nuéc thai duoc loai oxy bang cich thdi khi argon trong 3 phut, sau d6 duge
bom vao hé théng tr ngan dau tién, toc do bom 1a 17% thé tich chta cua toan bo hé

théng/ngay dém.

Dich nudc thai chay tir bé ddu tién sang bé thtr hai va thit ba theo nguyén ly chay
tran, thoi gian luu twong ung ¢ mdi bé 1an luot 12 2, 4 va 6 ngay. Sau bé thr ba, nudce thai
chay sang bé cubi (khong kin khi), tai day dién ra qué trinh ling cta Fe*". Trong truong
hop st dung dém NaHCOs5 trong dich nudce thai, Fe* lrfmg chu yéu ¢ dang FeCO;4 két taa
trang, con trong truong hop sir dung da voi, Fe’" s& phan tmg va két tia v6i cacbonat sinh
ra tir d4 voi duge dua vao bé trude d6. Ham luong NH, va COD trong mdi bé duge xac
dinh hang ngay. K&t qua van hanh cho thdy véi thoi gian luu 6 ngdy ¢ bé ky khi tht 3, hiéu
qué xir Iy NH," dat mirc cao nhit 1a 80 — 90%. Hiéu dién thé oxy héa khit & bé ky khi thi 3
dbi v6i nuéce thai c6 ty 16 [COD)/[NH,] 1a 1,4 ciing dat mutc 6n dinh, dao dong trong
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khoang —20 + 5 mV. Pdng thoi, COD trong nudce thai dugce loai & mirc 54 — 66%. Toan bd

qua trinh xtr ly hoan toan khong ti€u tén nang luong va dat hiéu qua cao.
Vi du thwc hién sang ché

Vi du 1: Phan ldp chung vi Jhudn Pseudomonas stutzeri FN9O ¢6 khé ndng oxy héa NH,"
khir Fe'*

Bun sét tir nhd may xir 1y nuée thai ché bién thuy san duogc st dung dé phan lap vi
khuén. Ly 1 g bun va pha loang trong dung dich mudi 0,9% theo ty 1& 1:10 (thé tich), lac
manh trén may vortex trong 1 — 2 phtt, sau do cly vio cic 6ng thach ban 1éng (1%) trong
mdi trudng FM chira NH;" (10 mM) lam chét cho dién ti va st (III) xitrat (30 mM) lam
chét nhan dién tir. Na-axetat (1 mM) dugc bd sung vio moi trudong lam ngudn cacbon cho
vi khuén sinh truéng. Cac éng thach sau dé duoc dat & nhiét do 28°C trong tu thé dao dau.
Khuin lac vi khuin xuét hién trong cot thach sau 2 — 3 tudn, dugc tach béng mao quan
thity tinh va chuyén sang dng nghiém kin khi chira moi trudng FM dich thé ky khi. Ching
FN9 thu duoc bang phuong phap nay co té bao hinh truc khudn ngn, kich thuée 2,1 — 3,3
x 0,6 —0,7 um (Hinh 2A).

ADN hé gen ctia chung FN9 dugc tinh sach theo phuong phap do Zhou va cs. m6 ta
(1996) v6i cai bién v& ndng do dém phosphate (ting tir 100 mM lén 120 mM) trong dém
tach. Cac bude tién hanh nhu sau:

- Trén 2 ml mau moi truong voéi 5,4 ml dém tdich ADN (gdm 100 mM Tris pH 8;100

mM EDTA pH 8; 120 mM dém phosphate Na,HPO,/NaH,POy; 1,5 M NaCl; 1%

CTAB) trong 6ng falcol 15 ml.

- B6 sung 40 pl proteinaza K (10 mg/ml), lic ngang véi toc do 225 vong/phut trong 30
phut & 37°C.
- Thém 600 ul SDS (20%), i & 65°C trong 2 gid, 25 phut dao 1on dau mot 1an.

- B6 sung véi lugng tuong duong PCI vé thé tich, sau d6 tron déu. Ly tdm 6000
vong/phtt trong 10 phut & nhiét do phong.

- Thu l4y phén dich phia trén sang 6ng m&i, ldp lai budc trén 1 lan.

- Thu 14y phan dich phia trén sang 6ng méi, bd sung 0,6 lan thé tich isopropanol, u &
nhiét do phong trong 1 gio.
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- Ly tam thu két tia ADN & 12000 vong/ phut trong 25 phit & nhi€t d6 phong. Db phan
dich & trén, rira két tia véi 10 ml etanol 80%, ly tdm 12000 vong/phit trong 15 phut &
nhiét d6 phong. D6 etanol, dé kho ¢ nhiét do phong.

- Hoa tan ADN trong 50 pl nuéec MQ da khtr trung, chuyén ADN sang 6ng eppendorf
1,5 ml va gitt § —20°C.

Poan 16S rADN (~1500 bp) ctia chung FN9 sau dé dugc khuéch dai trong phan (g
PCR st dung cip mdi 27F (AGAGTTTGATCCTGGCTCAG) va 1492R
(GGTTACCTTGTTACGACT T) (Weisburg ef al., 1991) véi thanh phén phan tmg dugc
trinh bay cu thé tai bang 1.

Bang 1. Thanh phan phan tmg PCR khuyéch dai 16S rADN & ching FN9

Thanh phan phan tng Thé tich (pl)
Nude PCR 13,5
10 x dém PCR 2,5
BSA (3 mg/ml) 2,5
MgCl, (20 mM) 2
dNTP (2,5 mM) 2
Mo6i 27F (50 pmol/ul) 0,5
MO6i 1492R (50 pmol/pl) 0,5
Taq polymeraza (Su/pl) 0,5
ADN Khuén 1
Tdng thé tich phan tmg 25

Chu trinh nhiét cua phan tng PCR gdm cac bude nhu sau: bién tinh tai 94°C trong 3
phut, sau d6 thuc hién 35 chu ky 3 budc 94°C trong 30 gidy, 55°C trong 45 gidy va 72°C
trong 1,5 phit, két thiic bing budc kéo dai chudi ¢ 72°C trong 7 phut rdi dirng & 20°C. San
phim PCR sau d6 dugce tinh sach bang kit PCR-purification (Bioneer - Han Qudc) va tién
hanh phan (g giai trinh ty v6i ABI Prism BigDye Terminator cycle sequencing kit va doc
trinh tu trén may tu dong 3110 Avant Appied Biosystems. Trinh tu 16S rADN dugc phan
tich, so sdnh véi trinh tuw 16S rADN ctia céc loai ¢6 lién quan hién da cong b6 trén ngan
hang dit liéu DDBJ/EMBL/GenBank st dung phan mém BLAST Search. Céy phan loai
duoc dung theo phuong phap neighbour-joining (Saitou va Nei, 1987), trong d6 dinh dang
cdy dugc tién hanh dwa trén 1000 phép so sanh da chiéu (Felsenstein, 1985).
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Trinh tw 16S rADN ctia ching FNO9 c6 d§ tuong ddng cao nhét véi loai Pseudomonas
stutzeri (99,86%) va duoc luu giit tai ngdn hang dit liéu GenBank voi ma s6 MT568614.
Chiing FN9 duoc dat tén khoa hoc 13 Pseudomonas stutzeri FN9, cay phén loai dua trén so
sanh trinh tu 16S rADN cta chung nay v6i céac loai c6 lién quan duge trinh bay tai hinh
2B. Pseudomonas 12 chi vi khuan thudc phén 16p y-Proteobacteria, pho bién trong tu nhién
va ¢6 nhiéu loai mang cac dic tinh sinh ly dac biét. Riéng & P. stuizeri thi kha nang oxy
hoa NH," & didu kién khir Fe®™ 1dn déu tién duoc phat hién trong nghién ctru nay thong qua
chung FNO.

Panh gia kha nang oxy hoa NH," va khir Fe" cua chiung Pseudomonas stutzeri FN9

Trong thi nghiém danh gia kha ning oxy héa NH,", ching FN9 dugc nudi trong binh
serum thé tich 100 ml chtra 70 ml moi trudong SNDM (Bang 2) va luong NH," bi oxy hoa
theo thoi gian dugc xac dinh (Hinh 3A). Trong thi nghiém danh gid kha nang khur Fe’™,
ching FN9 duge nudi trong moi truong FM ky khi (Bang 3, 4, 5) chira ferrihydrit (30 mM)
1a chét nhén dién ttr va xéac dinh luong Fe tao ra theo thoi gian (Hinh 3B).

Béang 2. Thanh phan moi truong SNDM (Xu et al., 2017)

Thanh phan héa hoc Ham luong (g)
K,HPO, 7
KH,PO, 3
MgS0,-7H,0 0,1
(NH4)2504 1
FeSO47H,0 0,05
CH;COONa, pH 7.2 10
KNO; 1,45
Nudc cat Té6i 1000 ml

Béang 3: Thanh phan mbi truong khodng FM (Ratering, 1999)
Thanh phin héa hoc Ham lwong (g)
NaCl lg
MgCl,.6H,0 0,4 g
CaCl,.2H,0 0,15 ¢
KCl 0,5¢
KH,PO, 02¢g
NH,CI 025g
Nude cit T&i 1000 ml

-10-
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Mai truong sau khi pha dugc bd sung mét sé dung dich nhu sau (Bang 4):

Bang 4: Cac dung dich bd sung thém vao moi truong khoang FM (Ratering, 1999)

Tén dung dich Nong do dung Thé tich bo sung Ch thich
dich goc vao 1 L moi trudng
Dung dich NaHCOs IM 30 ml
Dung dich vi luong 1 ml Béang 5
Dung dich vitamin 1 ml Béang 5
Dung dich NH,CI Tuy thudc diéu kién thi nghiém
Dung dich Na-axetat (st | 1M 1 ml
dung 1am ngudn cacbon)
Dich huyén phu ferrihydrit | ~ 270 mM 200 ml Ratering, (1999)
Dung dich Na-ascorbat IM 1 ml

Bang 5: Thanh phan dung dich vi luong va vitamin (Widdel, Bak, 1992)

Thanh phin dung dich vi lwgng Thanh phé‘m dung dich vitamin

Thanh phan Ham lwong Thanh phén Ham lwong
HC125% (7,7 M) | 13 ml Na,HPO4/NaH,PO4 25 mM pH 7,1 | 100 ml
FeSO,.7H,0O 2100 mg 4-Aminobenzoic axit 4 mg
H;BO; 30 mg D(+)- Biotin (Vitamin H) 1 mg
MnCl,.4H,0 100 mg Nicotinic axit (Niacin) 10 mg
CoCl,.6H,0O 190 mg Calcium-D(+)- Pantothenat 5mg
NiCl,.6H,0O 24 mg Pyridoxin 2 HCI 15 mg
CuCl,.2H,0 2 mg Lipoic axit 1.5 mg
ZnS0,.7TH,0 144 mg Folic axit 4 mg
Na,Mo00,.2H,0 36 mg Na-2-Mercaptoethan sulfonat 25 mg
Nuée khtr ion: dan t&i 1000 ml. Khtr tring qua mang loc 0,2 um.
Bio quan dung dich & nhiét d6 | Bao quan dung dich tai 4°C trong lo thuy tinh t6i
phong, tranh anh sang mau.

Ferrihydrit duge diéu ché theo phuong phap do Raterring (1999) mo ta, gdm céc

budc nhu sau:

- Pha 1 lit dung dich FeCl; 0,25 M vao cbe dong thiy tinh (thé tich 5 lit), dat trén mdy
khudy tir va nhiing dau do pH vao dung dich.
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- Bb sung 740 ml dung dich NaOH 1M, khudy lién tuc, theo doi gié tri pH dé khong
vuot qua 7, phan tng hoa hoc s€ tao ra huyén phu Fe(OH); mau néu do. Cén than
chinh pH t6i 7,6 bing dung dich NaOH 1M va tiép tuc khudy hdn hop trong vong 30
phit, theo ddi pH va tiép tuc chinh t¢i 7,6 bang NaOH 1M.

- Ly tdm hdn hop trong 10 phut & tbc do 4000 — 5000 vong/phit, bo dich roi hoa cin
tia trong nude cat dé rira va ly tdm. Lap lai bude rira 2 — 3 lin dé dam bao khong con
ion CI" trong hdn hop. Sau bude ria cudi cung, can tta s& dugc hoa trong nude khir
ion (MQ).

Xac dinh ham luong ferrihydrit trong mAu bang cach 14y 5 ml vao dia petri, sdy kho

va cén trong luong (1ap lai 3 I?m).

Xdc dinh ham heong NH,'
- Dung dich A: phenol (3 g), Na-nitroprusside (0,003 g) va nudc cAt (100 ml)
- Dung dich B: NaOH (2 g) hoa trong 80 ml nudc cit, thém NaClO 13% bao quan &
4°C (2 ml) thém nudc cét vira di 100 ml.
- L4y 0,02 ml miu vao 6ng nghiém chtra 4,98 ml H,O (ti 1¢ 1: 250).
- Thém 0,5 ml dung dich A, vortex tron déu.
- Thém 0,5 ml dung dich B, vortex tron déu.
- Day nip dng nghiém va 0 tai nhiét do phong trong béng t6i 1 gio.
- bo OD & buédc song 635 nm.

Pudng chuin NH," 1a dung dich NH,CI c6 ndng d¢ tir 1 — 10 mg/L (tinh thé NH,CI
duoc say kho truée khi sir dung dé pha dung dich chuén).
Tbc d6 oxy hoa NH," la lugng NH," (mg) bi oxy héa trong mot don vi thoi gian,
duoc tinh theo cong thirc: Va=(Cao—Cp)/Tx
Trong d6:  Vu: Tdc dd oxy hoa NH," (mg/L/ngay)
Cap: Nong do NH," ban dau trong moi truong (mg/L)
Ca: Nf?)ng d6 NH," con lai trong moi truong sau khi nudi céy (mg/L)
Ta: Thoi gian nuoi cay (ngay)
Xéc dinh ham lwong Fe**: theo phuong phap DIN 38406 E1-1 (1983), chi tiét nhu sau:
Nguyén ly: O-phenanthrolin phén Urng véi Fe?" tao phirc ¢6 mau tim d6 trong khoang pH 3
— 9, do dugc & bude séng 510 nm. Nong do Fe" cho phép do 12 0,01 — 5 mg/L.
Chuén bi céc dung dich can thiét:
- Dung dich H,SO, loang (ha pH): H,SO,4 ddc :nuéc=1:4 (thé tich).
- Dung dich ammonium axetat 5,2 M (dém):
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CH;COONH,4 40g
CH;COOH 50 ml
Nude cat da 100 ml

- Dung dich hydroxyl ammonium chloride 1,4 M (khtr Fe*" thanh Fe™)
NH,OH. HCl 10g
Nude cat du 100 ml

- Dung dich phenanthrolin 21 mM (bao quén trong lo t61, han str dung trong 1 tudn):
C1,HoCIN,.H,O 05g
Nudre cat da 100 ml
Dung dich chuén:
FeSO,.7H,0 2,78 mg
HCI125% 6,25 ml
Nude cét dt 100 ml

Céc bude tién hanh:

- Sau khi thu mau, 14p tirc ha pH t6i 1 bang dung dich H,SO, loang (1% thé tich).
- Thém vao 50 ml miu 5 ml dung dich ammonium axetat va 2 ml dung dich hydroxyl
amoni clorua, tron déu bang vortex, hon hgp phai c6 pH nim trong khoang 3,4 - 5,5
(t6i wu 14 4,5).
- Thém 2 ml dung dich phenanthrolin, tron déu.
- Thém nuéc cho t6i 100 ml, trén déu. Gitt & nhiét do phong trong 15 phut.
- Do OD tai budc song 510 nm. Dudng chuin duoc tién hanh voi dung dich FeSO, vé1
ndng do Fe*" tir 5 - 50 uM.
Téc do khur Fe** duoc tinh dua trén luong Fe?* duoc tao ra trong mot don vi thoi
gian, theo cong thtrc: Ve = (Cg— Cp)/Tr
Trong d6: Vg Tde dd tao Fe*" (mg/L/ngay)
Cro: Nong do Fe? trong mdi trudng ban diu (mg/L)
Cp: Nong do Fe*" trong mbi trudng sau khi nudi ciy (mg/L)
Tr: Thoi gian nuoi cay (ngay)
Két qua thu dugc cho thay chung FNO c6 kha ning oxy hoa NH," rét cao vdi toe do 1a
44,64 mg/Lingdy (Hinh 3A). Tuong tmg véi toc do oxy hoa NH,", toc do khir Fe’* tinh
theo ham luong Fe®" tao ra trong moi truong 1a 208 mg/L/ngay (Hinh 3B).

Vi du 2: Thir nghiém quy trinh xir Iy dong thoi NH,” va COD & diéu kién ki Fe’™ trén hé
théng bé ky khi
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Heé théng bé ky khi quy md phong thi nghiém dugc thiét ké bang vat liéu mica gbm 3
bé c6 nip day kin khi (N1, N2, N3), nbi v6i nhau bing dudng éng chay tran huéng day
(Hinh 1), thé tich mdi bé 1a 4800 ml, thé tich lam viéc chira nude thai khoang 3 lit do ctra
chay tran & do cao 260 mm, va 01 bé ling (N4) khong ¢6 ndp ddy co thé tich lam viéc
khoang 4 lit. M&i bé déu co clra x4 & ddy dé thu mau bun. Doc theo mit dimg cua cac bé
ky khi c6 van 14y mau tang nudc ddy va tAng nudc mit, phia trén nip day c6 van thu khi.
Trong mdi bé ky khi c6 bd sung 100 cm® gid thé hat nhya kich thude 12 x 7 mm (dién tich
bé mit riéng 12 850 m*/m®), dat trong ti lu6i dé dam bao on dinh vi trf cia céc hat gia thé
& sat day.

Vi khuin feammox duoc lam giau trong céc bé ctia hé thdng xir Iy quy md phong thi
nghiém ¢ diéu kién ky khi hoan toan. Céc hat gia thé nhya cb dinh ¢ day mdi ngin 13 noi
bam dinh ctia t& bao vi khudn. Mbi truong khoang dich thé FM (Bang 3, 4, 5) chira NH,™ &
ndng do khoing 300 mg/L 1 ngudn dién tir, ferrihydrit & ndng do6 30 mM lam chat nhan
dién tir va Na-axetat (10 mM) lam ngudn cacbon dugc dua vao cac bé v6i thé tich 3 lit/bé,

sau d6 bo sung Na-ascorbat (1 mM), ddy kin va thdi khi argon dé& dudi oxy.

Ngudn vi sinh vat ban ddu d& lam gidu 1a bin st tir nha méay xi Iy nuéc thai ché bién
thuy san tai Binh Duong, duoc bd sung vao mdi bé theo ty 16 10%. B6 sung dich nudi cy
chiing vi khudn Pseudomonas stutzeri FN9 (c6 mat dd té bao > 10° MPN/ml) vao cung véi
bun sét theo ty 16 3% thé tich. Ching vi khuin Pseudomonas stutzeri FN9 dugc bao quan &
dang 6ng dong kho tai Vién Vi sinh vat va Cong ngh¢ sinh hoc, Dai hoc Quéc gia Ha Noi.
Céc bé ky khi ctia hé théng sau do dugc dong kin va dich duge bom tuan hoan véi tbc do
twong duong 17% thé tich chia cia toan bo hé théng/ngay dém, nhiét do 6n dinh ¢ 28 —
32°C, duy tri trong 25 ngay dé 1am gidu. Hoat tinh cua vi khudn dugc theo doi thong qua
xéc dinh lugng NH," bi oxy hoa theo thoi gian (phuong phdp mo téd ¢ vi du 1 néu trén).

Két qua lam giau (Hinh 4) cho thdy qua trinh oxy hoa NH," dién ra o rét & ca 3 bé
N1, N2, N3 cia hé théng xtt 1y. Sau 25 ngay, ndng do NH," trong ca 3 bé giam tir 285
mg/L xudng con khoang 140 mg/L (khoang 50% so v&i ban dau). Cu thé, qué trinh oxy
héa NH," bit diu tir ngdy thtr 8, sau d6 didn ra vai the do én dinh cho téi thoi diém cudi

ky theo doi.

Dich méi trudng trong céc bé dugc rit ra, thay bang nudc thai nhan tao c6 thanh phén
twong tu nhu moi truong khoang FM nhung khong chira ferrihydrit, ¢6 ham luong NH," va
COD & ty 1& [COD]/[NH,'] = 1,4 va van hanh xir ly lién tuc. Nudc thai duge bom vao hé
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théng xit Iy voi the do twong tmg v6i 17% thé tich ciia toan bo he théng/ngay dém. Chi tiét

v& diéu kién van hanh quy trinh xr 1y lién tuc dugc trinh bay tai bang 6.

Bang 6: Diéu kién vAn hanh xt Iy lién tuc dé loai ddng thoi NH," va COD

Yéu t6 vin hanh Gia tri
Ham luong NH," 100 mg/L
Ham lugng COD 140 mg/L (ty 1&6 [CODJ/[NH,'] = 1,4)
Tbc do nap 17% thé tich/ngay dém (twong duong 3 lit/ngay dém)
Nhiét do 28 —32°C
pH moi truong 7-72
Thoi gian luu N1 =2 ngay; N2 = 4 ngay; N3 = 6 ngay

Hiéu qua x{r Iy dugc danh gia thong qua ham luong NH," va COD mét di & trong cac
bé tuong Gng vai thai gian luu khac nhau. Xéc dinh ham lwong NH," va COD dugc tién

hanh theo nhu mo ta tai cac vi du & trén.

Két qua xac dinh ham lugng NH," (Hinh 7A) cho thdy voi thoi gian Iuu 2 hodc 4
ngdy chi c6 30 — 60% NH," bi loai, tuy nhién khi thoi gian luu kéo dai t6i 6 ngay thi hi¢u
qué loai NH," dat t6i muc 80 — 90%. Tuong tng, tdc do loai COD ciing phu hop véi toc do
loai NH," trong cac bé xu ly va ty 1& v6i thoi gian luu (Hinh 7B). Hi¢u sudt loai COD &
murc 54 — 66% vai thoi gian luu 6 ngay duoc quan sat 6n dinh trong 30 ngay thi nghiém.
Vi du 3: Xdc dinh ty lé [COD JJ[NH,] phii hop dé van hanh quy trinh xir [y

Hé théng xir ly duge xdy dung nhu trong Vi du 2. Trong d6, sau khi h¢ vi khuin
feammox dugc lam giau thanh cong trong cac bé x1 1y, dich moi trudng FM cta bude 1am
giau dugc rat ra va thay bang maéi trudng FM méi nhung khong chira ferrihydrit, c6 ham
lugng NH," & mtrc khoang 200 mg/L va ham lugng COD (nap bang Na-axetat) khac nhau
& mdi bé theo ty 16 [COD]/[NH,'] twong tng 1a 1,4 ; 1 va 0,7 (Bang 7).

Bang 7: Cong thurc thi nghiém trong cac bé xr ly vai ty 16 [COD]/[NH, ] khac nhau

Vitribé | Nongddo NH," | Nong do COD (mg O,/L) | Ty 1é [COD)/[NH,']
(mg/L) (tinh theo Na-axetat) (theo ndng d0)
BENI 213 298 1,4
Bé N2 205 210 1
BE N3 208 65 0,7
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Sau khi nap nguyén liu, cac bé xir ly duoc dong kin, qué trinh xir ly dién ra & nhiét
dd 28 —32°C va dugc theo ddi trong 25 ngay qua cac thong s6 1a ham luong NH, va COD
bi oxy hoa, lugng N, sinh ra va thé oxy hoa khit. Cac phuong phép phén tich dugc tién

hanh nhu sau:

Xdc dinh nhu cau oxy héa hoc (COD): Dugc thuc hién theo phuong phap TCVN
6491:1999

Xdc dinh ham lwong NH, " : Dugc thuc hién theo phuong phap mo ta ¢ vidu 1.

Xdc dinh thé oxy héa khir ciia dich méi truong: MaAu dich mdi truong (80 ml) dugc lay &
van thu mAu trén than cta hé théng xir 1y, chuyén vao binh Schott 100 ml. Hiéu dién thé
cta dich méi trrong duge xéc dinh béng dung cu do g@)m mot dién cuc tham khao
Ag/AgCl duoc ndi vé6i dién cyc than chi thong qua Vol ké (mV). Chi s6 (mV) hién thi trén

Vol ké chinh 1a do chénh léch dién thé cta dich mdi truong.

Xdc dinh lwong khi N, tao thanh trong cdc bé ciia hé théng xtt ly: dugc thuc hién béng
phuong phap sdc ky khi sir dung thiét bi sic ky 7890A (Agilent) gén cot HT-plot/Q va
TCD detector. Cac thong s6 van hanh GC nhu sau: nhiét do 10 60°C, nhiét do detector
250°C, khi mang la argon (Messer Vietnam) voi tbc do dong 3 ml/phut. Thé tich mAu khi
12 0,2 ml/lan. Duong chuén thanh phan khi N, duoc xdy dung dya trén ddy binh serum kin

khi chtra hdn hop khi nito trong argon trong khoang 0 — 100%.
Két qua (Hinh 5A, 5B) cho théy qué trinh loai NH," va COD dién ra tich cuc ¢ ca ba

bé, trong d6 bé N1 dat hiéu qué loai NH," cao nhét, tir mic 213 mg/L ban diu xubng con
5,79 mg/L sau 25 ngay (tuong duong véi ~ 97% NH," bi loai), trong khi d6 COD giam tr
298 mg/L xudng con 120 mg/L (twong dwong v6i 60% COD bi loai). Ty 1€ loai COD ¢
muc ~60% cling dugc xéac dinh & cac bé N2 va N3 sau 25 ngay, tuy nhién khong tiép tuc
giam sau d6 (Hinh 5B). Thé oxy héa khir dugc duy tri 6n dinh hon cd ¢ bé N1, ludn &
trong khoang — 20 mV + 5 mV (Hinh 5C). Trong khi do, & bé N2 murc oxy hoa khir ting
1én > 0 mV sau 15 gid van hanh, dat > 22 mV sau 25 gi0; con ¢ bé N3 thi muc oxy héa
khtr ting > 0 mV ngay sau 3 — 4 ngay xu ly, dat > 30 mV sau 22 ngay, sau d6 giam con 7,5
mV tai ngay 25, hiéu qua loai COD ciing kém hon so voi bé N1 va N2. Nhu vay, c6 thé két
luan ring & didu kién ky khi khir Fe™", NH," va COD c6 thé duoc loai dong thoi voi higu
qué cao nhét khi ty 16 [COD]/[NH,] 1a 1,4 va thé oxy hda khir trong moi truong & muc —
20 mV ++20 mV.
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Dic biét, N, duoc phat hién 1a san phém chuyén hoa duy nhit ctia NH4" trong ca ba
bé N1, N2, N3 (Hinh 6), khong phat hién nitrit (NO,") hay nitrat (NOs") tich lity trong pha
dich. Nhu vay NH," da duoc loai khoi moi truong dich thé hoan toan & dang khi N,. Trong
ba bé N1, N2, N3 thi lugng khi N, tich lity trong bé N3 cao hon hai bé con lai, tuong tmg

v6i muc oxy hoa NH," cao nhét tai day.
Hiéu qua dat dwgc ciia sang ché

Sang ché dua ra quy trinh xit Iy ddng thoi NH," va COD & diéu kién ky khi khir Fe™*
(feammox) dé ung dung trong viéc loai cac chét 6 nhiém nay trong céc loai nudc thai khic
nhau, cho phép (i) tiét kiém nang lugng (do hoan toan khong co nhu cau oxy) va (ii) rat
ngén qué trinh x& Iy nho két hop dong thoi budc loai NH," va bude loai COD. Qua trinh
nay dién ra & diéu kién pH trung tinh, pht hgp cho viée tich hop véi quy trinh xur Iy COD
bang 1én men ky khi sinh methane dé xtr 1y hoan toan nudc thai c6 ham lugng hitu co cao
t6i mitc dat yéu cAu xa thai quy dinh. San pham chuyén hoa NH," 1a khi N, tirc 1a nito da
duoc loai hoan toan khoi moi truong khi chi qua mot bude xu 1y duy nhét. Chiing vi khuin
Pseudomonas stutzeri FN9 dugc phat hién c6 kha ndng oxy hoa NH," va khir Fe*" cao, c6
tiém ning tmg dung dé chu dong lam giau hé vi khuén feammox, diéu khién van hanh céc

hé théng xir ly theo nguyén ly feammox trong thuc té.
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YEU CAUBAO HO
1. Quy trinh xir Iy ddng thoi NH," va COD ¢ diéu kién khir Fe™ trén hé théng bé ky khi

bao gom cic budc nhu sau:
(i) thiét 1ap hé théng bé ky khi :
thiét 1ap hé théng bé ky khi gdm 3 bé ky khi, c6 nip day kin khi, kich thudc bang

nhau, va 1 bé ling khong co ndp day, trong d6 thé tich 1am viée ctia bé lang 16n hon the

tich lam viéc cta bé ky khi;

trong mdi bé, bd sung gia thé hat nhua kich thude 12 x 7 mm c6 dién tich bé mit
riéng 12 850 m*/m’, trong d6 thé tich gia thé hat nhya bang 1/30 so véi thé tich lam viée

cua bé ky khi;

cho nuéc thai di chuyén tir 1an lugt qua cac bé thong qua cac ong noi hudng day, dam
bao duoc tiep xtc vaoi 16p gia thé chira vi sinh vét;
(ii) lam giau vi khuan feammox

dua vao cac bé ky khi ngudn Fe* & dang dich huyén phu ferrihydrit, duoc chudn bi
theo phuong phép do Ratering (1999) md ta hodc sir dung bun st tir cac nha may xu ly
nude sach hay bun do tur cac diém khai thac bun d6 bd xit, trong d6 mdi truong khoang
danh cho vi khuén khir Fe’" (Ratering, 1999) dwoc dudi oxy bang khi No/CO, theo ty 18
90/10 (thé tich/thé tich) trong thoi gian 3 — 5 phit va chuyén vao cac bé cia hé thong xir Iy

bang bom nhu dong;

mdi truong dugc 4n dinh pH&67-172 béng hé dém bicacbonat NaHCO; 30 mM

hogc da voi dap nho tuy didu kién thyc té;

str dung bun tir nha may xir ly nude thai ché bién thiy sin lam ngudn vi sinh vét ban

dau va duoc bd sung vao cac bé theo ty 1€ 10% thé tich;

b6 sung dich nudi cdy ching vi khudn Pseudomonas stutzeri FN9 vao cung véi bun
sét theo ty 18 3% thé tich, trong d6 ching vi khuén Pseudomonas stutzeri FN9 dugc phan
lap tir bun cua nha may xtr ly nudc thai ché bién thuy san, str dung phuong phap 6ng thach
ban 16ng va c6 trinh tw 16S rADN cta chung FN9 dugc dang ky trén ngén hang dir liéu
GenBank v6i ma s6 MT568614;

céc bé ky khi ctia hé thong sau d6 dugc dong kin va dich dugc bom tuln hoan véi toc
do6 twong duong 17% thé tich chtra ciia toan bd hé théng/ngay dém, trong 25 ngay, nhiét do
6n dinh ¢ 28 —32°C;
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hoat tinh cta vi khudn feammox trong bun ky khi dwgc danh gid thong qua ham
lugng NH," bi loai va hé vi khuin feammox duoc hinh thanh & day cac bé ky khi cia hé

théng, chii yéu bam dinh irén bé mat gia thé nhya va cac hat ferrihydrit; va
(iii) x& Iy nude thai ¢ ham luong NH," va COD cao theo ché @6 van hanh lién tuc

rat dich moi trudong ra khéi cac ngan ky khi sao cho khong anh huéng t6i 16p bun da
duoc hinh thanh & day.

xac dinh ty 18 [COD]/[NH,'] trong nude thai cn xt Iy va thuc hién diéu chinh & mirc
1,4;

dich nudc thai dugce loai oxy bing cach thdi khi argon trong 3 phut, sau d6 dugc bom
vao hé théng tir ngan dau tién, téc do bom 1a 17% thé tich chira ciia toan bd hé théng/ngay
dém ;

dich nudc thai chay tir bé dau tién sang bé thtr hai va thi ba theo nguyén ly chay tran,
thoi gian luu tvong tng & moi bé 14n luot 1a 2, 4 va 6 ngay, trong d6 ham lugng NH," va
COD trong mdi bé dugc xac dinh hang ngay;

sau b thir ba, nude thai chiy sang bé ling va ham luvong NH," va COD trong mdi bé

dugce xac dinh hang ngay.
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