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LOI CAM ON

Loi dau tién, em xin giri 10i cam on chan thanh dén Quy thay c6 trong Bo mon
Hoéa hoc - M6i trudong, Khoa khoa hoc trng dung, Trudng Pai hoc Cong nghé Giao thong
Van tai, nhirng ngudi da tan tinh hudng dan, hd trg va tao moi diéu kién thuan lgi dé em
c6 thé hoan thanh d6 an t6t nghiép mot cach tbt nhat.

Em xin bay t6 10ng biét on sau sic dén TH.S Nguyén Thi Phwong Dung va THS.
Luu Thi Thu Ha, hai giang vién da truc tiép hudng dan, tan tinh chi bao va ddng hanh
cing em trong sudt qué trinh thuc hién d6 4n véi dé tai: “Nghién civu xit Iy nwde thdi
sinh hoat bang vi khudn lam Synechocystis salina M8”.

Em ciing xin guri 101 cam on dic biét dén PGS. TS Tran Pang Thuan cing tap thé
can bo tai Vién Cong nghé nang luong va Moi truong, Vién Hoéa hoc thudc Vién Han
1am Khoa hoc va Cong nghé Viét Nam, di tao diéu kién thuan lgi dé em thyc hién cac
nghién ciru thyc nghiém tai Phong thi nghiém Cong nghé hoa sinh, g6p phan quan trong
vao su thanh cong ctia dd an.

Do thoi gian thyc hién dé tai c6 han, clng véi kién thirc va kinh nghiém thyc tién
ctia ban than con nhiéu thiéu sot, dd an tot nghiép ctia em kho tranh khoi nhirng han ché.
Em rat mong nhan dugc nhitng v kién dong gop, chi bao quy bau tir quy thay c6 dé 46
an dugc hoan thién hon, dong thoi gitp em nang cao kién thirc chuyén moén va kinh
nghiém thyec tién, tir 46 phuc vu t6t hon cho cong viée va nganh nghé trong tuong lai.

Em xin chan thanh cam on!

Sinh vién thuc hién

Nguyén Thi Thu Théio
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DANH MUC CHU VIET TAT

STT | Chir viét tat Tén Tiéng Viét

1 ATP Adenosine Triphgsphate - mot phan tir cung cap
nang luong cho té bao hoat dong

2 BODs Nhu cau oxy sinh hoc trong 5 ngay

3 BTNMT B6 tai nguyén moi truong

4 COD Nhu cau oxi héa hoc

5 NF Codng nghé mang loc nano

6 N Nito

7 NTSH Nudc thai sinh hoat
Optical Density — mat d6 quang hoc hay do hap

8 ODégonm . AR
thu quang &nh sang ¢ budc song 680 nm

9 P Photphorus

10 PHA Polyhydroxyalkanoates - mot loai polymer sinh
hoc

1 PUB Polyhydroxybutyrate - mét loai polymer sinh
hoc

12 QCVN Quy chuan Viét Nam

13 S. Salina S. salina

14 TCVN Tiéu chuan Viét Nam

15 TN Total Nitrogen - Tong Nito

16 TP Total Phosphorus - Téng Photpho

17 TSS Total Suspended Solids - Tong chat ran lo lirng

18 VFASs Volatile fatty acids - acid béo dé bay hoi

19 VKL Vi khuan lam
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MG PAU

1. Su can thiét ciia dd an

Nudc 1a mot ngudn tai nguyén vo cling quan trong cho sy song dbi voi tat ca sinh
vat trén trai dat, néu khong c6 nudc thi chiac chin sé khong co sy song xuat hién cing
nén van minh hién dai nhu ngay nay. Pbi vdi con nguoi, nudc chiém 60-70% co thé,
tham gia vao moi hoat ddng song tir trao d6i chat, van chuyén dinh dudng dén ddo thai
doc t6. Hang ngay, nudc con 1a yéu td thiét yéu cho sinh hoat: uéng, nau an, vé sinh, va
san xuat luong thyc, duy tri an ninh luong thyc. Trong cong nghiép, nude 1a nguyén lidu
khong thé thiéu cho san xuat dién, dét may, luyén kim, va hang nghin quy trinh cong
nghé khac. Vé mit moi truong, nude gitip diéu hoa khi hau thong qua chu trinh thay
van, duy tri hé sinh thai da dang tir dai dwong dén rirng mua. Tuy nhién véi sy gia ting
dan s6, qua trinh do thi hoa va phat trién kinh té dan dén nhu ciu str dung nudc rat 16n
trong khi ngudn tai nguyén nudc lai khong ting 1én, diéu ndy lam suy giam nghiém trong
ca vé chat va luong nudce. Viée tuan hoan nwdc thai sau xur Iy khong nhirng 1a giai phap
cap thiét dé giam ap Iyc 1én ngudn nudc ty nhién ma con gop phan thuc day kinh té tuan
hoan bién chat thai thanh tai nguyén cho cac muc dich nhu tuéi tiéu, lam mat cong
nghiép, hodc bd sung nudc ngam. Trong bdi canh d6, vi khuan lam (cyanobacteria) noi
1én nhu mot cong nghé xanh, bén virng nho kha ning dong thoi xtr 1y 6 nhidém, thu giit
carbon va tao sinh khdi c6 gia tri. So vdi cac phuwong phap xir 1y truyén thong thuong
tén kém, tiéu thu nhiéu ning lwong, hoic dé lai du lwong bun thai can xu 1y thi viée sir
dung vi khuan lam dé xir Iy nuéc thai duoc xem 1a mot trong nhitng phwong phép cé chi
phi thip, c6 thé loai bé cac chat 6 nhiém hitu co, hop chit phosphate ciing nhu cac hop
chat nitrogen. Céc vi khuan lam con gitip tiéu hoa hiéu qua chat dinh dudng trong nudc
thai va cung cap oxy cho cac vi khuan hiéu khi. Trong cac co s& xtr Iy nude thai truyén
thdng thudng tao ra cac chit 6 nhidm thir cip nhu bun thai, va cic hoa chat du giy anh
huong xdu dén moi trudng séng. Thi dbi voi cac co sd xtr Iy nude thai bang vi khuin
lam s& chi tao ra sinh khdi tao véi ham lwong ning lugng cao, c6 thé duoc xu Iy tiép dé
san xuat phan bon hodc nhién li¢u sinh hoc. Bén canh dé, xur Iy nudc thai béng vi khuén
lam sir dung CO; 1am ngudn quang hop, diéu nay lam giam khi phat thai gay hiéu tng
nha kinh ma trudc d6 phuong phap xtr 1y truyén thong dong gép mot phan dang ké vao
hiéu tng nay. Khac v6i vi khuan lam thong thudng, mot sé chung vi khuan lam con ¢o
kha niang c6 dinh dam, gitp loai bo nitrogen ma khong can bo sung ngudn carbon ngoai.

Trong s6 cac loai vi khuan lam co tiém ndng cao trong xir Iy nudc thai,

Synechocystis salina M8 (S. salina M8) — mot chung vi khudn lam (cyanobacteria) —
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duoc biét dén nho kha ning thich nghi tét v6i diéu kién moi trudng bién dong, toc do
sinh truong nhanh, hiéu qua xir 1y cao cac chat dinh dudng va chét hitu co. Bén canh do,
loai vi khuan lam nay c6 thé phat trién trong diéu kién anh sang tu nhién, khong yéu cau
dau tu thiét bi phirc tap, pht hop véi diéu kién khi hau va anh sang tai Viét Nam noi
chung va Ha Noi noi riéng.

Mic du tiém ning 13 rat 16n, song viéc ing dung vi khuan lam S. salina M8 trong
xu ly nudce thai sinh hoat & Viét Nam, dac bi¢t tait Ha No1, van con kha méi mé va chua
¢ nhiéu nghién ctru danh gia cu thé. Do d6, viéc thuc hién nghién clru nay nhim danh
gia hiéu qua xtr Iy nudc thai sinh hoat bang vi khuan lam (VKL) S. salina M8 trong diéu
kién phong thi nghiém la rt can thiét. Két qua nghién ctru s& gop phan cung cép co s
khoa hoc cho viéc phat trién cac md hinh xir 1y nuéc thai sinh hoc quy mé nho, ng
dung tai cac khu dan cu, lang nghé, trudng hoc hay co so cong cong & Ha Noi va cac do
thi 16n khac. Pong thoi, nghién ciru cling mé ra hudng di méi trong viée két hop xur Iy
nude thai véi thu hoi tai nguyén sinh khdi, gop phan giam thiéu 6 nhiém va nang cao
hi€u qua quan Iy moi truong do thi.

Tur nhitng 1y do trén em lya chon dé tai thyc hién d6 an tot nghiép: “Nghién ciru
xir Iy nwée thai sinh hoat bing vi khuin lam Synechocystis salina M8” nhim danh
gia anh hudng ctia mot s6 yéu t6 hoa 1y dén hidu qua xtr 1y nudc thai sinh hoat bang vi
khudn lam Synechocystis salina M8.

2. Muc ti¢u cia d6 an

Nghién ctru xtr Iy nude thai sinh hoat khu nha & tap thé Gido vién truong Pai hoc
Cong nghé GTVT bang VKL Synechocystis salina M8.

Danh gia hiéu qua xt Iy nudc thai sinh hoat bing VKL Synechocystis salina M8

3. Poi twong va pham vi ciia dd an

*Poi tiwong nghién ciru:

- Nudc thai sinh hoat tai khu nha & tap thé cua Gido vién truong Pai hoc Cong
ngh¢ GTVT.

- VKL Synechocystis salina M8.

* Pham vi nghién cvru:

- Nudc thai sinh hoat tai khu nha ¢ tap thé Gido vién truong Pai hoc Cong nghé
GTVT.

- VKL Synechocystis salina M8 trong quy mo phong thi nghiém.

- Panh gia hiéu qua xtr Iy nudc thai sinh hoat tai khu nha & tap thé Gido vién
truong Pai hoc Cong nghé GTVT bang VKL Synechocystis salina M8 trong quy md
phong thi nghiém.
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- Thoi gian nghién ctru: Tir thang 1/2025 dén thang 5/2025.
4. Phwong phap thue hién dd an

- Phwong phép nghién ctru 1y thuyét.

- Phuong phap thuc nghiém, phén tich trong phong thi nghiém.

- Phuong phép danh gia.

- Phuong phép xir 1y s6 liéu
5. Chu truc cia d6 an

Chuong 1: Tong quan vé nudc thai sinh hoat va phuong phap xtr Iy nuéc thai
sinh hoat bang vi khuan lam

Chuong 2: Phuong phap, d6i twong va vat liéu nghién ciru

Chuong 3: Két qua va thao ludn

Két luan va kién nghi
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Nghién ciru xir Iy nude thdi sinh hoat bang vi khudn lam Synechocystis salina M8

CHUONG 1. TONG QUAN VE NUOGC THAI SINH HOAT VA PHUONG
PHAP XU LY NUOC THAI SINH HOAT BANG VI KHUAN LAM

1.1. Téng quan vé nwédc thai sinh hoat
1.1.1. Khai niém va phan loai
1.1.1.1. Khai niém

Theo Luat Bao vé moi truong 2020, nude thai dugce dinh nghia 1a nude da bi thay
ddi tinh chat ban dau do duoc su dung trong hoat dong san xuat, kinh doanh, dich vu,
sinh hoat hodc hoat dong khac.

Theo dinh nghia nay thi nudc thai dugc hiéu 13 ngudn nuée di qua st dung va co
su thay ddi vé tinh chét vat 1y, héa hoc hodc sinh hoc so véi trang thai ban dau. Nudc
thai c6 thé phat sinh tir nhiéu ngudn khac nhau nhu nuwéc thai tir hoat dong sinh hoat,
cong nghiép, nong nghiép, y té... va c6 thé chira cac chit 6 nhiém anh hudéng dén moi
truong néu khong duoc xur Iy dung cach.

Theo QCVN 14:2008/BTNMT — Quy chuan k¥ thuat Qudc gia vé nudc thai sinh
hoat: Nudc thai sinh hoat la nudc thai dugce thai ra tir cac hoat dong sinh hoat cua con
ngudi nhu an udng, tim gidt, vé sinh ca nhan, tr cac khu dan cu, khu vuc hoat dong
thuong mai, cong so, trrong hoc va cac co so twong tu khac. Luu lugng ctia nude thai
sinh hoat cuia khu dan cu phu thugc vao dan $d, tiéu chuin cép nude va dic diém cua hé
thdng thoat nudc.

Nudc thai sinh hoat 12 nudc tir nha tam, giit, hd boi, nha dn, nha vé sinh, nudc
rira san nha... chung chira khoang 58% chat hitu co va 42% chét khoang. Pic diém co
ban ctia nudc thai sinh hoat 1a ham lwgng cao cac chat hitu co khong bén sinh hoc (nhu
hydratcacbon, protein, md), chat dinh dudng (photphat, nito), vi trung, chat ran va mui.
Nudc thai sinh hoat phat sinh tir cac hd dan cu véi luu lwong nho, nhung bb tri trén dia
ban rat rong, kho thu gom triét dé dugc xép vao loai ngudn phan tan [1].
1.1.1.2. Phan loai

Nudrc thai sinh hoat thuong duge phan loai dya trén ngudn gdc phét sinh, thanh
phan 6 nhiém va mirc 6 anh hudng dén moi truong. Theo Luat Bao vé moi trudng 2020,
nudc thai sinh hoat ¢6 thé dugc chia thanh cac nhém nhu sau:

< Theo ngudn phat sinh:

- Nudec thai tir ho gia dinh: phat sinh tir hoat dong sinh hoat hang ngay cua nguoi
dan nhu tim, giat gidl, ndu an, vé sinh ¢4 nhan, ...

- Nudc thai tir co s¢ cong cdng: Phat sinh tir trrong hoc, bénh vién, nha hang,
khach san, khu vui choi, trung tam thuong mai.

GVHD: Nguyén Thi Phuong Dung SVTH: Nguyén Thi Thu Théo
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- Nude thai tir khu dan cu, d6 thi: Gom nudce thai tir cac ho dan, chung cu, cho,
khu thuvong mai, toa nha van phong.

- Nudc thai tir cong trinh xdy dung va khu cong nghiép: Mic du chi yéu cé nude
thai cong nghiép, nhung van cé nude thai sinh hoat tir cong nhan, viin phong lam viéc.

% Theo thanh phan 6 nhiém: Nuéc thai sinh hoat (NTSH) thudng gdm hai dong
thai chinh:

- Nuée thai den: nude thai cé do nhiém ban rat cao do chat bai tiét ciia con ngudi
tor nha v¢ sinh, thuong duoc xur ly so bd qua bé tu hoai. Tuy nhién, hau nhu chét lugng
dau ra sau bé tu hoai van chua dat tiéu chuan, nhung nho bé tu hoai ma mot lugng 16n
chat 6 nhidm duoc xt Iy.

- Nudce thai xam: nude thai c6 ndng d6 nhiém ban thap hon nuée thai den, phat
sinh tir cac hoat dong tai nha bép, tAm giat, v¢ sinh nha ctra... Nudc thai xam hau nhu
chua duoc xir 1y va thai tryc tiép ra moi trudng.

1.1.2. Cac dic trung cua nuoc thai sinh hoat

Do nudc thai sinh hoai khong dugc thu gom ri€éng, ma dugc thai vao hé théng
thoat nudc chung cta thanh phd, vi vdy, nude tinh chat ciia nudc thai khong 6n dinh,
hon nita tai cac khu vuc khac nhau tinh chit cua nude thai sinh hoat cling khéac nhau.

Pic tinh chung cua NTSH thudng bi 6 nhiém bai cac chat cin ba hitu co, cac
chat hiru co hoa tan (thong qua cac chi tiéu BOD, COD), cac chét dinh dudng (nitrogen
phospho), cac vi tring gdy bénh (Ecoli, coliform...), ddu m& va cac chat hoat dong bé
mit c6 ngudn gdc phét sinh do st dung cac chét tay rira trong sinh hoat. Chat hitu co
chtra trong nudc thai sinh hoat bao gom cac hop chat nhu protein (40-50%); hydrat
cacbon gom tinh bot, duong va xenlulo (40-50%) va cac chat béo (5-10%). Nong do
chat hitu co dao dong trong nude thai sinh hoat khoang 150 — 450 mg/I theo trong lwong
kho, trong d6 c6 khoang 20-40% chét hitu co kho phan huy sinh hoc [1].

Bing 1.1. Ham lwong chit 6 nhiém trong nwéc thii sinh hoat va nwéc thai

do thi
Loai nuée thii COD BOD:s SS T-N T-P Coliform
: (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) |(MPN/100mL)
Nudc thai den 1086 - 7905 - - -
Nudc thai xam 208 151 63 24,2 4,9 4,7x10°
583 243 223 48 9 3,7x107
Nuoc thai sinh hoat| 145,67 | 72,67 34,00 32,69 - 2,48x10°
96-135 | 64-95 | 90-140 | 31-37 16-32 >9000
60-604 | 31-380 | 41-792 11-95 1,4-19 -
Nudc thai do thi 500 250 300 40 9 108- 10°
200 100 50 20 4 -

GVHD: Nguyén Thi Phuong Dung
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QCVN
14:2008/BTNMT 30 75 50 20 4 3000
(cOtA)

QCVN
14:2008/BTNMT 50 150 100 40 6 5000
(cot B)

[Nguon: Tap chi méi truong.vn 2021]

Mitc d6 6 nhiém cua nude thai sinh hoat phu thudc vao:

- Luu luong nudc thai

- Tai trong chat ban tinh theo dau ngudi nhu: mirc song, dicu kién séng va tap
quan sinh séng; diéu kién khi hau,. ..

C6 thé thay duoc dic trung nudc thai sinh hoat va d6 thi 1a 6 nhiém chat hiru co.
Nudc thai den ¢ ham lwgng chat 6 nhiém 16n nhét so vdi nude thai xam, nude thai sinh
hoat va nudc thai do thi. Nudc thai d6 thi c6 ham luong chét 6 nhiém thap nhat, doi khi
thap hon nudc quy chudn vao mua mua. Him luong chat dinh dudng N, P trong nudc
thai sinh hoat 16n hon nude tu nhién, 1a nguyén nhan gay ra hién tuong pht dudng cho
cac ngudn tiép nhan. Trong nude thai sinh hoat ciing ¢6 chtra cac kim loai nhu: Canxi,
Magie, Chi, Pong, K&m, Cadimi... tuy ham lwong ctia ching khong cao, nhung van c6
thé gay nhung mdi lo ngai lién quan dén van dé tich tu sinh hoc.

MGt trong cac van dé dang lo ngai khi tai st dung nudce la cac tac dong bat lgi
ciia hoa chat va cac yéu to sinh hoc nhu cac chat gdy 6 nhiém cin quan tim
(contaminants of emerging concern - CEC) va gen khang thudc khang sinh (antibiotic
resistance genes - ARG). Tuy nhién, ¢ Viét Nam chua c6 nhiéu nghién ctru vé vé hai van
dé trén dbi v6i nude thai sinh hoat, ma chi tap trung vao nghién ctru trén nude thai bénh
vién, phong kham va trén mrée mat. Cac loai dugc pham do con ngudi sir dung c6 thé
thong qua nude thai sinh hoat di vao mdi trudng, diéu nay cd gop phan tao ra cic gen
dot bién co kha ning khang chat khang sinh, tir 46 gay ra cac lo ngai vé nguy co xuat
hién cac chung virut 3 khang thudc khang sinh [2].

Bing 1.2. Thanh phan nuwéc thai sinh hoat phan tich theo ciac phwong
phap cia APHA

, X Mirc do 6 nhiem (mg/l)
Cac chat (me/l) Cao Trung binh Thap
Tong chat ran (TS) 1.000 500 200
Chét ran hoa tan (TS) 700 350 120
Chat ran khong hoa tan (SS) 300 150 8
Chat ran lo ling (TSS) 600 350 120
BOD; 300 200 100
DO 0 0 0
GVHD: Nguyén Thi Phuong Dung SVTH: Nguyén Thi Thu Théo
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Tong N 85 50 25

Nitro hitru co 35 20 10

NH,* 50 30 15

NO;’ 0,4 0,2 0,1

Cr 175 100 15

Do kiém 200 100 50
Chat béo 40 20 0
Tong Photpho - 8 -

[Nguén: GTZ,1989]

Nhu vay, nude thai sinh hoat ¢6 ham lugng cac chit dinh dudng khé cao, vuot
yéu cau cho cc qua trinh xir Iy sinh hoc. Thong thudng cac qua trinh xir Iy sinh hoc can
céc chat dinh dudng theo ty 1¢ nhu sau: BODS : N : P=100: 5 :1. Mot tinh chit dic
trung nita ctia nude thai sinh hoat 1a khong phai tit ca cac chat hiru co déu c6 thé bi phan
huy baé1 cac vi sinh vat va khoang 20 - 40% BOD thoéat ra khoéi cac qua trinh xtr ly sinh
hoc cuing vi bun.

1.1.3. Cac thong s6 6 nhiém diic trung cta nuoc thai
1.1.3.1. Théng sé vat Iy

* Ham luong chat ran lo leng: Cac chat ran lo ling trong nude ((Total) Suspended
Solids — (T)SS - SS) bao gém céac chat v co khong tan & dang huyén phu (phu sa, gi
sét, bun, hat sét); Cac chat hitu co khong tan; Cac vi sinh vat (vi khuan, tdo, vi nim,
dong vat nguyén sinh...). Him luong chat rin lo ling trong nudc cao gy nén cam quan
khong tét cho nhiéu muc dich s dung dic biét chung lam giam kha niang truyén anh
sang trong nudc, do vay anh huong dén qua trinh quang hop dudi nuée, lam can kiét
tang 6xy trong nudc gy anh hudng dén doi séng thuy sinh nhu ca, tom. Chét ran lo
lirng co6 thé 1am tic ngh&n mang c4, can tré sy hd hap dan ti lam giam kha ning sinh
trudng cua cd, ngin can sy phat trién cia tring va au trung. Phan biét cac chit ran lo
lirng ctia nude dé kiém soat cac hoat dong sinh hoc, danh gia qua trinh xir Iy nudc thai
bing phuong phap Iy hoa, danh gia sy phi hop ciia nude thai véi tiéu chuan gidi han
cho phép.

* Mui: 1a mot trong nhitng dic trung quan trong cua nudc thai sinh hoat, phan
anh muc d6 6 nhiém va qua trinh phan hity cac chat hitu co bén trong nude thai. Mui
trong nude thai sinh hoat xuat phat tir qua trinh phan hiy sinh hoc ctia cac hop chat hitu
co va vo co, dic biét 1a trong diéu kién thiéu oxy (phan huy ky khi). Hop chat gay mui
chinh trong nudc thai 1a hydro sunfua (H2S), amoniac (NH3,) metan (CHa,) cac hop chat
khéc nhu ercaptans, Dimethyl Sulfide, Dimethyl Disulfide dugc tao thanh tir qua trinh
phan huy thuc phém, rac thai hiru co, chat béo dong vat.

* PO mau: Nudce sach khong c6 mau. Mau sic cta nude xudt hién do su hién dién
cua cac tap chét ngoai lai, bao gém céc chit hoa tan hodc & dang keo. Cu thé, mau cua
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nude c6 thé bit nguén tlr cac cht hitu co hoa tan, cac hat keo, hodc cac hop chit vo co
nhu sét va mangan ¢ dang hoa tan hoac keo. Nudc thai thuong c6 mau ndu den hodc do
nau chu yéu do cac chét hitu co tir qua trinh phan huy xac dong thuc vat, hoac do sy
hién dién cta sat, mangan ¢ dang keo hay hoa tan. Ngoai ra, mau ctia nudc thai con co
thé xuét phat tur cac chét thai sinh hoat, cong nghiép (nhu thude nhudm), hodc cac san
pham phu tir qué trinh phan hay sinh hoc ctia cac chat hiru co. Pon vi do d6 mau thong
dung 13 mgPt/L (thang do Pt Co). P mau 1a mot thong s6 thudng mang tinh chat cam
quan, c6 thé dugc str dung dé danh gia trang thai chung ctia nude thai [1,3].

1.1.3.2. Théng sé hod hoc

* pH: pH 14 chi sb dic trung cho ndng d6 ion H' ¢6 trong dung dich, thudng dugc
dung dé biéu thi tinh axit va tinh kiém ciia nuéc. Do pH cia nude b lién quan dang ton
tai ctia kim loai va khi hoa tan trong nudc, pH c¢6 anh hudng dén hiéu qua tit ca qua
trinh xtr 1y nuwéc. Do pH c6 anh hudng dén cac qua trinh trao chat dién ra bén trong co
thé sinh vat nudc. Do vay rat c¢o ¥ nghia vé khia canh sinh thai méi truong. PO pH tdi
uu trong xu Iy moi trudng: 6,5-8,5.

* Nhu cau oxy hoa hoc (Chemical Oxygen Demand - COD)

COD la lugng oxy can thiét dé oxy hod cac hop chat hoa hoc trong nuéc bao gom
ca vO co va hitu co. Nhu vy, COD 1a lugng oxy can dé oxy hoa toan bo cac chét hoa
hoc trong nuéc, trong khi d6 BOD 14 lwong oxy can thiét dé oxy hoa mot phan cac hop
chat hitu co dé& phan huy bai vi sinh vat. COD 1a mét thong sé quan trong dé danh gia
murc d6 6 nhiém chat hiru co néi chung va ciing véi thong sé BOD, gilp danh gia phan
6 nhiém khong phan huy sinh hoc ciia nude tir d6 c¢6 thé lya chon phuong phép xir Iy
phu hop.

* Nhu cau oxy sinh hoc (Biochemical Oxygen Demand - BOD)

BOD (Biological Oxygen Demand) - Nhu ciu oxy sinh hoc. BOD 1a lugng oxy do
vi sinh vét str dung dé oxy héa cac chét hiru co trong nuéc thai. Co ché theo phan tng:

Chat hiru co + 02 > CO»+ H0 + té bao méi + san pham trung gian

Trong moi trudng nudce, khi qué trinh oxy hod sinh hoc xay ra thi cac vi sinh vat
sir dung oxy hoa tan, vi vay xac dinh tong lugng oxy hoa tan can thiét cho qué trinh phan
huy sinh hoc 13 phép do quan trong danh gid anh hudng cia mot dong thai dbi véi ngudn
nuée. BOD c6 ¥ nghia biéu thi lugng cac chit thai hiru co trong nude c6 thé bi phan huy
bang cac vi sinh vat.

* Oxy hoa tan (Dissolved Oxygen - DO)

DO 1a lugng 6xy c6 mit trong nudc, mot phan duoc hoa tan tir luong 6xy trong
khong khi, mot phan luong oxy duoc sinh ra tir cic phan tng tong hop quang hoa cua
tao va cac thyc vat séng trong nudc. Cac yéu té anh hudng dén su hoa tan 6xy vao nudc
1a nhiét do, ap suat khi quyén, dong chay, dia diém, dia hinh. Gia tri DO trong nudc phu
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thudc vao tinh chat vat 1y, hoa hoc va cac hoat dong sinh hoc xay ra trong do. Néng do
oxy tu do trong nudc ndm trong khoang 8 - 10 ppm, va dao dong manh phu thudc vio
nhiét do, sy phan huy hoa chit, sy quang hop cta tao va v.v... Phan tich DO cho ta danh
gid mirc do 6 nhiém nudc va kiém tra qué trinh xtr Iy nudc thai. Cac song hd c6 ham
lugng DO cao dugc coi 1a khoé manh va co nhiéu loai sinh vat séng trong d6. Khi DO
trong nudc thip s& 1am giam kha ning sinh trudng ctia dong vat thuy sinh, tham chi lam
bién mat hodc c6 thé gay chét mot sb loai néu DO giam dot ngdt. Nguyén nhan lam giam
DO trong nudc 1a do viéc xa nudc thai cong nghiép, nude mua tran 16i kéo cac chat thai
nong nghiép chira nhidu chat hitu co, 14 cAy rung vao ngudn tiép nhan. Vi sinh vat sir
dung 6xy dé tiéu thu cac chat hitu co 1am cho luong 6xy giam.

* Nitrogen va cac hop chit chtra nitrogen: Trong nudc thién nhién va nudc thai,
cac hop chit cua nitrogen ton tai dudi 3 dang: Cac hop chat hitu co, amoni, cac hop chit
dang oxy hoa (nitrit, nitrogenrat). Cac hop chit nitrogen 1a cac chit dinh dudng, luon
van dong trong tu nhién chi yéu nho cac qua trinh sinh hoéa. Trong nwée thai sinh hoat
(NTSH), nitrogen ton tai dudi dang vo co (65%) va hitu co (35%). Ngudn nitrogen chi
yéu la nude tiéu, khoang 1,2 lit/ngudi/ngay, twong duwong 12 g nitrogen trong d6 nitrogen
amoni N- CO(NH>)> 1a 0,7 gam con lai la cac loai nitrogen khac. Ure thudong dugc amoni
héa theo phuong trinh sau: Trong mang ludi thoat nudce ure bi thiy phan:

CO(NHz)Z + 2H20 —_— (NH4_)ZCO3
- Sau d6 tiép tuc bi phan huy theo phuong trinh phan t@ng:

(NH,),C0; — 2NH, + CO, + 2H,0

- Nitrit 14 san phAm trung gian ctia qué trinh oxy héa amoniac hoic nitrogen amoni
trong diéu kién hiéu khi nho céc loai vi khuan Nitrosomonas. Sau d6 nitrit hinh thanh
tiép tuc dugc vi khuan Nitrobacter oxy héa thanh nitrogenrat.

Nitrosomonas

1
NHf + 50, NO; + 2H,0 + 2H*

1 Nitrobacter
NO, + 502 — NO3

- Nitrit (NO2): La hop chit khong bén, né cé thé 13 san pham cua qua trinh khur
nitrat trong diéu kién yém khi..

- Amoni va amoniac (NH4", NH3): Amoni (NH.") trong nudc thai sinh hoat ¢6
ngudn gbc chi yéu tir chét thai con ngudi va thue pham phan huy. Ham lugng NHa* dao
dong tir 10 - 50 mg/L, cao hon nhiéu so véi tiéu chuan x4 thai. Néu khong duoc xir 1y,
NH.* ¢6 thé gdy 6 nhim méi trudng, suy giam oxy hoa tan, anh huéng dén stc khoe
con ngudi. Vi vay, can ap dung cac cong nghé xtr Iy sinh hoc, hoa hoc va vat Iy dé giam
thiéu ham luong NH.4* trong nude thai trude khi xa ra moi trudng.

GVHD: Nguyén Thi Phuong Dung SVTH: Nguyén Thi Thu Théo
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- Nitrat (NO3): 13 san pham cudi cliing ctia sy phan hiy cac chat chira nitrogen c6
trong chét thai cua nguoil va dong vat. Nitrat (NOs™) 1a mot dang ton tai chinh cua
nitrogen trong nudc thai sinh hoat, dugc hinh thanh tir qua trinh oxy héa amoni (NHa4")
thong qua qua trinh nitrat héa. Ham lugng nitrat trong nudc thai thuong dao dong tir 10-
30 mg/1, ham lugng nitrat cao s& anh hudng 16n dén moi trudng va stc khoe con ngudi
néu khong duoc kiém soat ding cach [1,3].

* Phosphorus va cac hop chét chira phosphorus

- Trong cac loai nude thai, Phosphorus hién dién chu yéu duéi cac dang phosphate.
Céc hop chat Phosphat duroc chia thanh Phosphat v6 co va Phosphat hitu co.

- Phosphorus 1a mot chat dinh dudng da lugng can thiét di voi su phat trién cua
sinh vat. Viéc xac dinh Phospho tong 1a mot thong sé dong vai tro quan trong dé dam
bao qua trinh phat trién binh thudng ciia cac vi sinh vat trong cac hé thong xir 1y chat
thai bang phuong phap sinh hoc.

- Hién tuwong trong nude c¢6 nhidu NOs™, PO4> 13 hién tuong pht dudng cta nudc
hay con goi la hi€n twgng nd hoa cua tdo.

* Chat hoat dong bé mit

Céc chét hoat dong bé mit 1a nhitng chit hitu co gdm 2 phan: ki nudc va wa nudc
tao nén su phan tan clia cic chat d6 trong dau va trong nudc. Nguon tao ra cac chat hoat
dong bé mat 1a do viée st dung cac chat téy rua trong sinh hoat va trong mot sb nganh
cong nghiép [1,3].
1.1.3.3. Théng sé sinh hoc

Trong nudc thai, dic biét 1a nudc thai sinh hoat nhiém nhiéu vi sinh vat ¢ sin &
trong phan ngudi va phan suc vat.

Trong d6 cé thé c6 nhiéu loai vi khuin gay bénh, dac bi¢t la cac bénh vé duong
tiéu hod nhu ta, ly, thuong han, cac vi khuan gay ngd doc thuc pham. Trong rudt ngudi,
dong vat co vit khac khong ké lra tudi co nhitng nhom vi sinh vat cu trii, chu yéu 1a vi
khudn. Cac vi khuan nay thudng c6 trong phan rac. Vi khuan duong rudt gdm 3 nhom:
Coliform dac trung la Escherichia coli (E. coli), Streptococcus dac trung la
Streptococcus faecalis, Clostridium dic trung la Clostridium perfringens.

Dé danh gi chit lvong bang chi tiéu sinh hoc thudng sir dung chi sé Coliform.
Vi khuan nhoém Coliform (Coliform, Fecal coliform, Fecal streptococci, Escherichia coli
...). Chi sb Coliform tong sb trong nudc thai sinh hoat thudng co gia tri: 106 — 108
MPN/100 mL va chi s6 E.coli: 104 — 106 MPN/100 mL[1,3].
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1.1.4. Hién trang nuéc thai sinh hoat va vin dé 6 nhim nwéc thai sinh hoat tai cic do
thi & Viet Nam
1.1.4.1. Hién trang NTSH tai cac do thi o Viét Nam

Nhu mét s6 qudc gia trén thé gioi, Viét Nam dang phai d6i mat voi van dé nudce
thai sinh hoat, dac biét 1a nudc thai tir cac khu do thi, khu dan cu tai cac thanh phé lon
nhu Ha Noi va thanh phé HO Chi Minh.

Véi tc d6 gia ting dan sb va do thi hoa nhanh chong dang 1am ting luong nudc
thai sinh hoat. Theo Tong cuc Thong ké (2022), ty 1& d6 thi hoa tai Viét Nam da dat 41%,
kéo theo nhu ciu sir dung nude va phat sinh nudc thai ngay cang 16n. Tuy nhién, hé
thdng xr Iy nude thai chua phat trién dong bo, din dén tinh trang nudc thai chua qua xu
Iy bi xa truc tiép ra méi trudng. wong nudce thai sinh hoat phét sinh ngay cang ting,
nhung ty 1& nudc thai duge thu gom va xtr 1y lai rit thap. Theo Béo cdo Mbi trudng Qudc
gia (2022) chi khoang 15-20% lugng nudce thai sinh hoat tai cac do thi dugc xur Iy trude
khi thai ra mo1 truong. 80-85% lugng nude thai sinh hoat chua dugce xtr Iy hoac xur 1y
khong dat ticu chuan trudce khi xa thai ra song, hd, kénh rach. O khu vuc nong thon, hé
thong thu gom va xtr Iy nudc thai hiu nhu chua c6, phan 16n nudc thai tham tryc tiép
vao dat hodc chay ra hé thdng kénh muong. Tong lwong nudc thai hang ngay cua thanh
phd Ha Noi vao khoang 320.000m’ trong d6 ¢6 1/3 lugng nudc thai ra méi trudng 1a
nuée thai cong nghiép. Theo bao cdo ciia Cuc Kiém soat 6 nhiém moi trudng (BO Tai
nguyén va Méi treong nim 2023) cho biét dén nay ¢ Viét Nam méi chi c6 khoang 18%
nudc thai do thi dugce xir Iy tai cac Nha may xur ly nudc thai tap trung. Cac giai phap thu
gom va xu Iy nudce thai tap trung, vdi cong nghé hién dai, thiét bi tdn kém, tiéu thu nhiéu
dién niang, doi hoi chi phi dau tu va quan 1y van hanh rat 16n. D6 1a chua ké chi phi xay
dung nhirng tuyén cong tap trung thu gom nude thai 1on rat ton kém, kho thyc hién dau
ndi, khong tranh khoi ro ri, gdy 6 nhiém dat va nudc ngdm. Tir cac con sd thong ké ciia
céc co quan lién quan cho thiy sé lugng nude thai sinh hoat duoc xa thang vao hé thong
thoat nudc chung rdi chdy ra ao, hd, song ngoi 1am 6 nhiém ngudn nude 14 rat 1on.
Nhitng dong song, ao hd, song ngodi hiang ngay dang tiép nhan hang triéu m® nudc thai
d6 thi chua qua xir Iy. Vi toc d6 d6 thi hoa nhu hién nay, dé c6 thé thu gom va xir Iy
hét duoc nude thai tir cac khu dan cu d6 thi, ven bo, ndng thon, cac co s dich vu, cong
cong, bén canh giai phap thu gom va xtr Iy nude thai tap trung, can phat trién va tng
dung ca cac giai phap thu gom, xir Iy nudce thai tai chd. Trén thuc té, da ¢ nhitng con
song & Ha Ngi da tro thanh dong song chét do bi 6 nhiém qua nghiém trong, nhu song
T6 Lich, song Sét, Kim Nguu, song Nhué... anh huéng nghiém trong dén chat lugng
song cuia nhirng nguoi dan khu vuc d6 [4].

Tai Ha Noi, nha may xtr Iy nuéc thai Yén X4, v6i cong suét thiét ké 270.000
m?/ngay dém, di bat ddu van hanh thir nghiém tir thang 12/2024. Trong giai doan dau,
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nha may hoat dong véi cong suat 30.000 - 40.000 m*/ngay dém va dy kién ting 1én
100.000 m*/ngay dém vao thang 2/2025, nang ty 1¢ nudc thai duge xir 1y cua Ha N1 1én
40%. Khi nha may dat cong suét toi da, du kién vao nam 2025, ty 1€ nudc thai dugc thu
gom va xir Iy ctia thanh phd sé ting 1én khoang 50%, diéu ndy giup giam ap luc cua viée
xa nuée thai sinh hoat khong dat tiéu chudn ra moi trudng [5]. Méi truong nude & nhiéu
khu vyc d6 thi, khu cong nghiép va lang nghé ngay cang bi 6 nhiém boi nuéc thai, khi
thai va chét thai ran. O cac thanh phd 16n, hang trim co sé san xuat cong nghiép dang
gy 6 nhi®m moi truong nude do khong co cong trinh va thiét bi xir Iy chat thai. O nhiém
nuée do san xudt cong nghiép chiém ty trong 16n. Tinh trang 6 nhiém nude & cac d6 thi
thdy r& nhat 1a & thanh phd Ha Noi va thanh phd H6 Chi Minh. O cac thanh phd nay,
nuée thai sinh hoat khong c6 hé thdng xir Iy tip trung ma truc tiép xa ra ngudn tiép nhan
(song, ho, kénh, muong). Mat khac, con rat nhiéu co s& san xuat khong xtr Iy nudce thai,
phan 16n cac bénh vién va co sé y té 1on chua c6 hé thong xir Iy nudc thai; mot lugng
réc thai ran 16n trong thanh phé khong thu gom hét duoc. .. 1a nhitng ngudn quan trong
gy ra 6 nhiém nudc. Hién nay, mirc do 6 nhiém trong cac kénh, séng, hd & cac thanh
phé 16n 13 rat ning.

Tinh trang 6 nhi®ém ngudn nudc dang ngay cang bao dong, khoang 9.000 nguoi
tir vong mdi nam do ngudn nudc ban. Theo Vién Strc khoe Nghé nghiép va Moi trudng
(2023) cho biét ty 1€ mic cac bénh tiéu chay, viém da, giun san ¢ khu vyc co nguén nudc
6 nhiém cao hon 30-40% so v&i noi c6 nuée sach. Nude thai chia vi khuan E. coli,
Salmonella, ky sinh trung Giardia, gay ra cac bénh duong ti€u hoa, dac biét 1a ¢ tré em.
Bén canh d6 ham lwgng nitrat (NO3") va amoni (NH4") trong nuée thai cé thé gy nguy
co ung thu, bénh gan than, dic biét khi nude bi nhiém vao nguén nudc sinh hoat. Theo
B0 Tai Nguyén va Moi Truong (MONRE) co6 khoang 20.000 nguoi phat hién bi ung thu
nguyén nhan chinh 1 do 6 nhiém ngudn nude. Khoang 44% tré em bi nhiém giun do s
dung nudce bi khong dat chét luong. 27% tré em dudi 5 tudi bi suy dinh dudng do thiéu
nude sach va vé sinh kém (theo WHO). Khoang 21% dan s6 dang st dung ngudn nudc
bi nhiém Asen —hay 13 Arsenic vo co lai la mot chit hoa hoc cuc doc thuong dugc st
dung trong viéc tao ra cac loai thude diét co va céc loai thudc trir siu [6].
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Hinh 1.1. Mt sé hinh dnh vé nwéc thdi sinh hoat tai Ha Ni
Bang 1.3. Uéc tinh lwgng nwée thai sinh hoat phat sinh tai khu do thi cia
mét s6 tinh, thanh phé tai Viét Nam [7]

2015 2025 2050
. . A K an Hé sb A K an HEé s0 A K aa Hé sb
7| Tinb/thanh[Dan s6 46| Lugng |, o 5, [DAns0do| Lugng | oo, \DAns0d0) Lugng |00 0
pho thi nwoc thai (L/ngwoi thi nu’;)’c thai (L/nguoi thi nu’;)’c thai (L/nguoi
N e 3 Y . e Y . e Y .
nguwoi) |(Mm°/nga : nguwoi) |(m’/nga N nguoi) |(m°/nga 5
(nguoi) |(m’/ngay) ngay) (ngudi) [(m*/ngay) ngay) (nguoi) [(m*/ngay) ngay)
1 Ha No6i  |3,968,800| 682,336 172 [4,420,000{ 698,36 158 |7,544,00011,455,992| 193
2 TpI\I/IJi(;W? i 6,455,943|1,129,790| 175 |8,400,000/1,889,933| 158 |9,046,000(1,745,878| 193
3 | PaNing | 897,114 | 113,036 126 [1,033,000| 232,740 158 |1,160,000| 223,880 193
4 | Hai Duong | 571,389 | 59,996 105 539,000 | 65,265 85 973,000 | 149,842 154
5 [Thai Nguyén| 379,801 | 39,879 105 480,000 | 58,027 85 866,000 | 133,364 154
6 | Thanh Hoa (2,424,798| 162,461 67 592,000 | 71,637 85 1,069,000| 164,626 154
7 | Khdnh Hoa | 508,637 | 53,407 105 768,000 | 92,948 85 1,318,000| 289,874 154
8 | Biac Ninh | 421,466 | 48,890 116 402,000 | 48,692 85 726,000 | 159,780 154
9 SonLa | 245939 | 17,216 70 248,000 | 29,981 85 447,000 | 98,382 154
10 | Lang Son | 171,285 | 11,990 70 234,000 | 28,348 85 423,000 | 93,023 154
11 | KonTum | 158,688 | 10,632 67 241,000 | 29,175 85 435,000 | 95,736 154
12 |Binh Duong|1,5655,229| 161,744 104 755,000 | 91,335 85 1,362,000| 299,712 154
13 | Pong Nai [1,406,407| 129,389 92 1,382,000| 167,206 85 [2,494,000| 548,678 154
14 | AnGiang | 681,591 | 47,711 70  [1,016,000| 122,930 85 1,834,000| 403,387 154
15 | Kién Giang | 498,363 | 41,862 84 757,000 | 91,537 85 1,365,000| 300,374 154
16 | Nghé An | 450,393 | 37,833 84 625,000 | 75,629 85 1,128,000 248,172 154

[Nguén: Co quan hop tic quéc té Nhdt Ban (JICA), 2015]

Luong nude thai sinh hoat phét sinh phu thudc vao dan sé va thoi quen st dung.

Mic du kho ¢ thé xac dinh con sb chinh xéac cua lrgng nudce thai sinh hoat phat sinh,

nhung cé thé udc tinh duoc lrgng nudce thai theo mat do dan sb, dién tich va hé s6 phat

sinh nude thai. Luong nudc thai binh quan dau ngudi duge thé hién qua Bang 1.3. Véi
ndm 2015 lvong nudce thai duge udce tinh trong cac du an xay dung tai cac dia phuong,
nam 2025 va nam 2050 duoc udc tinh theo muc tiéu cép nudce do thitheo Quyét dinh sd
1929/QD-TTg ban hanh ngay 20/11/2009, lwgng nudc thai binh quan dau ngudi nudce
thai sinh hoat chiém 70% lwong nuée cap. Tir Bang 1.3 ¢6 thé thiy duoc néu khong co

GVHD: Nguyén Thi Phuwong Dung
Luwu Thi Thu Ha

SVTH: Nguyén Thi Thu Théo

10




Nghién ciru xir Iy nude thdi sinh hoat bang vi khudn lam Synechocystis salina M8

cac bién phap tai sit dung nude hi¢u qua hon thi lugng nude thai sinh hoat phat sinh s€
rat 16m.
1.1.4.2. Cdc vin dé méi truong lién quan do 6 nhiém nwéc thai sinh hoat

O nhiém ngudn nudc mat: Nude thai sinh hoat chua xir Iy chira nhiéu chat hitu
co, chat dinh dudng, vi sinh vat gdy bénh va kim loai nang. Khi xa thfmg ra moi truong,
cac chat nay 1am 6 nhidm ngudn nudc mit va nude ngdm, anh huong dén hé sinh thai
thuy sinh.

Hién tugng pht dudng: Luong nitrogen (N) va photphorus (P) cao trong nudc
thai chua xir 1y thiic day sy phat trién qua murc cua tao va vi sinh vat, gay hién tuong
pha dudng & song, hd. Piéu nay lam giam lugng oxy hoa tan trong nudc, anh hudng
tiéu cuc dén dong vat thuy sinh.

Anh huéng dén sire khoe con ngudi: Nude thai chira vi khuan, virus va ky sinh
trung c6 thé gy ra cac bénh duong tiéu hoa, bénh da liéu va nhiéu bénh truyén nhidm
khac khi con nguoi tiép xuc truc tiép hodc gian tiép qua ngudén nude 6 nhiém.

Tac dong dén moi truong khong khi: Khi nudc thai bi phan hity trong diéu kién
yém khi, n6 san sinh CHa, H2S, NH: , gdy mui hoi kho chiu va anh huong dén chit lugng
khong khi do thi.

Tac dong kinh té - x4 hoi: O nhiém ngudn nudc do mréc thai chua xir Iy 1am giam
gia tri sir dung ctia nguén nudc, anh huong dén san xuat nong nghiép, thiy san va du
lich. Ngoai ra, chi phi xtr Iy 6 nhiém méi trudng sé ting cao néu khong c6 bién phap
kiém soat kip thoi.

Nguy co lan truyén dich bénh: Mot trong nhitng tic dong nghiém trong nhung
thudng bi xem nhe ctia 6 nhiém nudc thai sinh hoat 1 nguy co phat tin cac mam bénh.
Trong nude thai sinh hoat c¢6 chta rat nhiéu vi khudn, vi rat, ky sinh tring gay bénh nhu
E. coli, Salmonella, giun san,...Khi xa truc tiép ra moi trudng hodc thdm vao nguén
nude ngdm, cic mam bénh ndy co6 thé lay lan va gay bung phat cac dich bénh truyén
nhiém nhu tiéu chay, viém gan A, ta, thuong han,... Nguoi dan st dung ngudn nudc 6
nhiém hoic tiép xuc truc tiép v&i1 nude thai cd nguy co cao mic bénh, dic biét 13 tré em
va nguoi gia.

Ganh ning chi phi va anh hudng dén phat trién bén vitng: O nhidm nuéc thai sinh
hoat khong chi gy thiét hai vé moi trudng va strc khoe ma con dat ra ganh ning 16n vé
chi phi cho x4 hoi. Chinh quyén cac d6 thi phai dau tu ngan sach 16n dé duy tu, nao vét
kénh muong, lam sach cac song ho, xu 1y bun thai va khac phuc 6 nhiém méi truong.
Bén canh d6, cac su ¢d 6 nhiém kéo dai c6 thé 1am giam gié tri bat dong san, anh hudng
dén hoat dong san xudt nong nghiép, nudi trong thity san va chat lugng séng do thi — tir
d6 can tré dinh hudng phat trién bén virng.
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1.2. Cac phuwong phap xw ly nwoc thai sinh hoat
1.2.1. Phwong phap truyén thong

Xt Iy nude thai sinh hoat nham loai bo cac thanh phan 6 nhiém bao gom céc chat
khong tan, chat it tan va nhitng hop chit tan trong nudc, 1am sach nudc va cé thé dua
nude vao ngudn tiép nhan. Viée lra chon phuong phap xir 1y thich hop thudng dugc cin
ctr trén dac diém ciia cac loai tap chat co trong nude thai. Cac phuong phap chinh thudng
dugc st dung trong cac cong trinh x1r Iy nuwde thai sinh hoat la: phuong phap co hoc,
héa hoc, hoda ly, va sinh hoc.
1.2.1.1. Phuong phap co hoc

Phuong phap xtr Iy co hoc dé loai bé cac hop chit hiru co khong hoa tan, ton tai
trang thai lo lirng va mot phan cac chat dang keo ra khoi nudc thai. Nhitng cong trinh
xtt Iy co hoc bao gdm: song chin rac, bé diéu hoa, bé ling, bé loc, bé tach diu mJ. ..
Phuong phap xir 1y co hoc ¢ thé loai bd 60% cac hop chat khong tan va 20% BOD
trong nudc thai. Ngoai ra, phuong phap ndy c6 thé xtr Iy ham lrgng 16n cac chit lo ling.
Thong thuong, xt 1y co hoc chi 1a giai doan tién xur 1y trudc khi chuyén sang phuong
phap xu Iy hoa hoc hay sinh hoc.

Song chin rac: Song chin rac 13 hang muc cong trinh xir Iy so bo dau tién nham
ngin giit rac ban thd gdm gidy, boc nylon, chéat déo, co cay, vo do hop, g9, ... Cac loai
rac ndy c6 thé 1am tit nghén duong dan nuéc hodc 1am hu hong may bom.

Bé lang cat: Bé ling cat (grit chamber) dung dé chin giit nhitng hat cat, san nho
c6 trong nude thai. Cac hat cat ndy c6 thé gy hu hong may bom va lam nghén cac dng
dan bun cua cac bé ling. Dong chdy trong cac bé nén khdng ché ¢ vao khoang Vmax =
0,3 m/s nham dam bao cac hat cat co thé ling chim xudng ddy, dong thoi ciing khong
nén dé nude chay vdi van tdc nho hon 0,15 m/s lam céc lién két hiru co trong nudc thai
ling dong. Thoi gian nude luu lai trong bé ling tir 30 - 60 gidy. Thuong c6 cac loai bé
ling cat: Bé lang cat ngang, bé ling cat ding, bé lang cat tiép tuyén, ...

Bé loc: La qua trinh tach cac chat rin lo ing ra khoi nude khi hdn hop nude va
chat ran lo lirng di qua 16p vat liéu loc, tai d6 chét ran lo ling dugc giir lai va nude tiép
tuc dugc chay qua. Co thé dung céc hat san so1, cat, than ... dé loai bo mot phén cac chét
ran lo lng ctia mréc thai va lugng BOD trudce khi cho qua cac cong trinh xir 1y sinh hoc
hay hoa hoc khac [1,3,8].
1.2.1.2. Phuong phap hoa hoc

Phuong phap xir Iy hoa hoc 1a dwa vao nude thai chat phan ung dé tham gia cac
phan rng héa hoc véi cac chat 6 nhiém co trong nudc thai thdng qua cac phan ang hoa
hoc nham loai bo hoic chuyén hda chiing thanh cac dang it doc hai hon. Phuong phap
nay thudng duoc ap dung dé xir Iy cac thanh phan 6 nhiém khé xir Iy bang phuong phap
co hoc hoac sinh hoc.
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Céc phuong phap héa hoc dung trong hé thdng xir Iy nude thai sinh hoat gdm
c6: trung hoa, oxy hoa khir, tao két tiia hoic phan (rng phan huy cac hop chat doc hai.
Trong d6, qua trinh trung hoa duoc str dung dé diéu chinh pH vé mirc pht hop, oxy hoa
- khtr gitip loai bo cac kim loai nang va cac hop cht hitu co doc hai, con qua trinh két
tha gitip loai bo cac ion kim loai bang cach tao thanh cac hop chat khong tan.

Uu diém ctia phwong phap nay 1a kha ning xur 1y hiéu qua d6i véi nhiéu loai chat
6 nhiém, hoa chét str dung dé dang tim kiém, pht hop véi cac hé thong xtr Iy nudc thai
cong nghiép c6 yéu cau khat khe. Ngoai ra, cong trinh xtr ly thuong c6 thiét ké nho gon,
chiém it dién tich. Tuy nhién, phuong phap niy ciing c6 mot s6 han ché nhu chi phi van
hanh cao do can sir dung lugng 16n hoa chét, yéu cau quan Iy va van hanh phtc tap, doi
hoi nhan su c6 chuyén moén cao. Bén canh d6, qua trinh xtr Iy ¢6 thé tao ra cac san pham
phu can duoc xu 1y triét dé dé tranh gay 6 nhiém tht cap [8].
1.2.1.3. Phuong phap hoa ly

Phuong phap héa 1y trong xtr Iy nudc thai 1a sy két hop giita cac qua trinh vat Iy
va hoa hoc nham loai bo hodc chuyén hoa cac chat 6 nhiém trong nuwdc. Bang cach sir
dung cac chit phan tng hoic ap dung cac nguyén 1y vat Iy, phuong phap nay gitp tach
céc chat 6 nhiém ra khoi nudc dudi dang cin lang hodc chat hoa tan khong doc hai, gop
phan giam thiéu tac dong tiéu cyc dén mdi truong.

Nhirng phuong phéap hoa 1y thuong duoc ap dung dé xir Iy nudc thai 1a: keo tu,
tuyén ndi, dong tu, hép phuy, trao ddi ion, thAm loc nguoc va siéu loc... Qua trinh keo ty
va dong tu gitp két dinh cac hat nho lo lrng trong nude thanh cac bong cin 1on hon dé
dé dang loai bo. Tuyén ndi sir dung bot khi dé tach cac chét nhe khoi nude. Hap phu
giup loai bd cac chit 6 nhiém bfmg cach stir dung vat li¢u hép phu nhu than hoat tinh.
Trao d6i ion giup loai bé cac ion khong mong mudn trong nudce, trong khi tham thdu ngugc
va siéu loc str dung mang loc dé loai bo céc tap chét va vi sinh vat ¢6 kich thudc nhé.

Giai doan xir Iy hoa 1y c6 thé 1a giai doan xir Iy doc 1ap hodc xir Iy ciing véi cac
phuong phép co hoc, hoa hoc, sinh hoc trong cong ngh¢ xur Iy nuwde thai hoan chinh
nham ning cao hiéu qua xtr 1y nudc [8].
1.2.1.4. Phuwong phap sinh hoc

Co sé cua phuong phap xur Iy sinh hoc nude thai la dya vao kha nang oxy hoa
cac lién két hiru co dang hoa tan va khong hoa tan cua vi sinh vat - chung sé hitu cac
lién két d6 nhu ngudn thirc in cta chung.

- Céc cong trinh xir Iy sinh hoc trong diéu kién ty nhién gdm c6:

+ Ho sinh vat

+ Hé théng xu ly bing thue vat nude (luc binh, lau, sdy, rong, tao..)

+ Canh dong ludi

+ Canh dong loc
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+ Pat ngap nudc
- Céac cong trinh xur ly sinh hoc trong diéu kién nhan tao bao gdm:

+ Bé loc sinh hoc cac loai

+ Phuong phap sinh hoc hiéu khi (aroten): Qua trinh xir Iy duoc dua trén su 6xy
hoa cac chat hitu co ¢ trong nude thai nhd 6xy hoa tan. Cac cong trinh xir Iy sinh hoc
hiéu khi trong diéu kién nhan tao thudng duoc dua trén nguyén tic hoat dong ciia bun
hoat tinh (bé Aeroten tron, kénh 6xy hoa tudn hoan) hodc mang sinh vét (bé loc sinh
hoc, dia lgc sinh hoc). Xt ly sinh hoc trong diéu kién tuy nhién thuong dugc tién hanh
trong cac hd (h6 sinh vat canh déng tudi1, canh dé)ng loc, bai loc ngdp nudc...).

+ Phuong phap sinh hoc ki khi: Qua trinh xt ly dwoc dua trén co s¢ phan huy cac
chat hitu co giir lai trong cong trinh nho 1én men ky khi. Cac cong trinh duoc (mg dung
rong rai 1a cac loai bé tu hoai, giéng tham, bé ling hai vo (bé ling Imhoff), bé ling
trong két hop ngin 1én men, bé loc nguoc qua ting cin ky khi (UASB)...

+ Loc sinh hoc tiép xuc dang trong quay (RBC)
+ Ho sinh hoc thdi khi
+ Muong oxi hoa [8].

1.2.2. Phuong phap tién tién

1.2.2.1. Cong nghé Mang loc sinh hoc (MBR - Membrane Bio-Reactor)

Nguyén 1y: 1a su két hop qua trinh bun hoat tinh sinh hoc va mang loc (Baker,
2004). Pay 1a mot trong nhitng phwong phap tién tién, da duoc ap dung xir Iy thanh cong
nhiéu loai nudc thai khac nhau tir d6 thi cho t6i cac loai nuéc thai cong nghiép, y té c6
thanh phan phurc tap va kho xt Iy. MBR 14 su két hop qua trinh bun hoat tinh véi mang
dé tach bun ra khoi dong sau xir 1y. Vi viée sir dung mang loc ¢6 kich thudce 16 mang
dao dong tir 0,01-0,4 pm nén vi sinh vat, chat 6 nhiém, bun bi giir lai tai bé mat mang.
Pdng thoi, bun sinh hoc s& dugc giit lai trong bé phan g, mat do vi sinh cao nén nang
cao hiéu suit xir ly chit 6 nhiém (Water Enviroment Federation, 2006). Vat liéu ché tao
mang loc gdm cac chat liéu vo co hodc hiru co. Tuy nhién xu huéng st dung mang loc
c6 ngudn gdc hitu co duoc str dung rong rai hon. Mang loc hitu co nhu polypropylene,
polyethylene, polyacrylonitrile, polysulfone, aromatic polyamide, fluorinated polymer.
Mang loc vo co dugc tao thanh tir vat liéu nhu kim loai, oxit kim loai, ceramic, zeolites,
thily tinh, s, polymer tong hop. Cau triic mang thuong ¢ cac dang nhu sgi rong, 6ng mao
dan, cudn va duoc ché tao co dién tich bé mit 16n dé dap trmg cac yéu cau k¥ thuat [9].

Uu diém: Hiéu sudt xtir Iy BOD/COD, TOC dat 5-99%. Loai bé hoan toan vi
khuan va virus. Tiét kiém dién tich so voi phwong phap truyén thong.
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Hinh 1.2. Cong nghé mang loc sinh hoc (MBR - Membrane Bio-
Reactor)

1.2.2.2. Cong nghé AAO (Anaerobic - Anoxic - Oxic)

Nguyén Iy: 14 mot quy trinh sinh hoc phd bién duoc str dung trong cac nha may
xtr Iy nudc thai dé loai bo cac chit dinh dudng nhu nitrogen va phdt pho. Quy trinh nay
bao gdm ba giai doan: ky khi, thiéu khi va hiéu khi, gitip t5i vu hoa viéc loai bo cac chat
6 nhiém thong qua cac qua trinh sinh hoc khac nhau. Quy trinh AAO da ching minh
hiéu qua cao trong viéc loai bo nitrogen va phdt pho, v6i hiéu sudt loai bo tong nitrogen
(TN) va tong phét pho (TP) thudng vuot qua 85% va 91% ngay ca ¢ nhiét do thap
dudi 15°C.

Mot nghién ctru cho thay viéc tich hop dién phan vao quy trinh AAO c6 thé ting
cuong hi¢u suét loai bd TN va TP, dat t&i 77.24% va 95.08% tuong ung, so voi cac h¢
thdng khong tich hop [9,10].

Uu diém: Xir Iy ddng thoi BOD, nitrogen (N) va phét pho (P) v6i hiéu suit >90%.
Giam lugng bun thai.
1.2.2.3. Cong nghé MBBR (Moving Bed Biofilm Reactor)

Nguyén Iy: 1a mot phuwong phép tién tién két hop gitra bun hoat tinh truyén théng va
qué trinh loc sinh hoc. MBBR sir dung cac gia thé nhya dé vi sinh vat phét trién, giup
xtr Iy hiéu qua cac chét hitu co va dinh dudng trong nude thai. MBBR c¢6 kha ning loai
b6 COD, NH4-N va céc chat dinh dudng khac v6i hidu suat cao. Hé thong nay ciing cho
phép san xut khi sinh hoc, gbp phan vao ty cha ning lugng.

Uu diém: Tang mat do vi sinh, hiéu suat xir Iy cao cling nhu co thé san xuit khi sinh
hoc. Tao ra it bun hon, gitip giam chi phi xi i bun. D& van hanh, it ton dién tich [11,12]

Uu diém: Tang mat do vi sinh, hi¢u sult xur 1y cao cuing nhu co thé san xut khi sinh
hoc. Tao ra it bun hon, giup giam chi phi xi 1i bun. D& van hanh, it ton dién tich
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Hi
1.2.2.4. Céng nghé loc mang Nano (NF) va Tham thau ngirge (RO)
Nguyén ly: NF 1a mot k¥ thuat loc mang dya trén qua trinh tham thdu nguoc, phat

trién tir nhitng ndm 1980. Mang NF c6 kich thudce 16 khoang 1 nm va kha ning cit phan
ttr tr 300 dén 500 Da. Mang NF hoat dong dua trén sy két hop cuia céac co ché loai bo
nhu can tr¢ kich thudc, loai trir di€n, hi¢u itng di€n moi va co ché hydrat hoa. NF thuong
duoc sir dung dé loai bo cac ion da hoa tri va cac hop chat hitu co 16n, dong thoi co kha
ning tiéu thu ning lwgng thap hon so vdi RO. RO 13 cong nghé loc mang hang dau trong
qué trinh khir mudi, sir dung ap luc dé diy nuée qua mang ban thim, loai bd mudi va
cac tap chét khac. RO dwoc str dung rong rii trong cac nha may khir mudi nuée bién va
xur ly nude ngot hoa [13,14].

Két hgp NF va RO c6 thé cai thién hiéu suat loai bo d6 cting ciia nudc va ting ty
16 thu hdi nude, ddng thoi giam thiéu lwgng nude thai. Hé thdng NF-RO co thé tiét kiém
nang lugng hon so vdi cac hé théng loc don 1€, nho vao kha nang loai bo can béan va tbi
uu héa qua trinh loc [15].

Uu diém: Loai bd 99% mudi va chat 6 nhidm vi lugng. Tai str dung nude cho san XUAt.
1.2.2.5. Cong nghé Plasma lanh

Nguyén ly: 1a ki thuat than thién voi moi trudng tao ra mot sd chat phan ung
(OHs, O3, H,02, H, HO2, O) c6 kha ning oxi hoa manh gitip phan huy cac hop chat hiru
co phtc tap va vi sinh vat trong nudc, bao gdm ca vi khuan E. coli va virus SARS-CoV-
2.[16,17].

Tuy nhién cong nghé plasma lanh van d6i mét v6i cac thach thirc nhu chi phi dau
tu ban dau va hiéu qua xtr 1y chua cao trong mot s6 trudng hop, doi hoi nghién ciru thém
dé t6i wu hoa va thuong mai hoa.

1.3. Phwong phap xit Iy nwée thai bing vi khuin lam
1.3.1. Tong quan vé vi khuén lam

Vi khuan lam & mot nhém da dang cac vi khudn nhan so quang hop gram am.
Ngudi ta cho rang chiing 1a mot trong nhirng sinh vat quang hop lau doi nhat tao ra cac
diéu kién dan dén su tién hoa cta qua trinh trao d6i chat hiéu khi va quang hop ¢ sinh
vat nhan chuan [18]. Chung chu yéu 1a quang tu dudng thuc hién quang hop oxy bang
cach st dung hé thong quang hop I va IT dé tao ra ning lwong, can nude, carbon dioxide,
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hop chit vo co va anh sang dé phat trién. Chiing ciing ¢ thé phat trién trong diéu kién
di dudng ma khong can anh sang bang cach st dung chat nén cacbon hiru co dé thu duoc
nang luong [18].

nang lwong mat troi

€O, + H,0 (CHO), +0, + Q

V¢é mat hinh thai, vi khuan lam c6 thé 1a don bao hodc dang sgi va cé hinh cau,

hinh que va hinh xo04n dc. V& mat phan loai, chiung dugc chia thanh nam phan nhom
chinh str dung cac dic diém hinh thai va sinh Iy nhu duoc mé ta trong: Phan nhom I (bo:
Chroococcales), II (bo: Pleurocapsales), 111 (b0: Oscillatoriales), IV (bg: Nostocales) va
V (bd: Stigonematales). Phan nhém I va II 1a don bao dudi dang cac té bao don 1é hodc
cac tap hop sinh san bing cach phan d6i hodc nay chdi (I) va phan d6i nhiéu hoic ca
phan d6i va phan d6i nhiéu (II). Phan nhom III-V 14 dang soi, bao gdm cac trichome
(chudi té bao), chung sinh san bang cach pha v trichome dé tao ra cac manh di dong
ngin duoc goi 1a hormogonia. Phan nhom 111, vi khuan lam chi phan chia trén mot mit
phing va chi bao gdm céc té bao sinh dudng trong khi phan nhém IV va V ¢6 kha ning
biét hoa té bao. Phan loai vi khuan lam lién tuc phat trién voi cac hé théng méi hon dua
trén phan tich phat sinh loai [18].

Vi khuan lam séng trong nhiéu méi trudng sdng khac nhau bao gom cac hé sinh
thai nudc ngot, bién va trén can (Bang 1.4). Mot dac diém chinh ciia vi khudn lam 1a kha
niang phat trién manh trong diéu kién khic nghiét va kha nang thich nghi va tién hoa dé
d6i pho véi cac yéu td gy cing thang phi sinh hoc nhu anh sang cao, tia UV va nhiét
d6 khic nghiét. La vi khuan wa cuc, vi khuan lam c6 thé ton tai dudi dang ua nhiét (chiu
dugc nhiét do cao), vi du nhu Synechococcus dugc tim théy trong sudi nudce nong va
dia nhiét, va lanh (chiu dugc lanh), va axit (chiu duoc pH thép), wa kiém (chiuduoc pH
cao) va wa man (chiu dugc mudi) [18].

Bing 1.4. M6t s6 vi khuin lam va dic tinh phan bd ciia chiing trong tw

nhién.
Loai Bo Moéi trudng song
Dang don bao
Microcystis sp. Chroococcales Nudc ngot
Synechococcus sp. Chroococcales Nudc man
Synechocystis sp. Chroococcales Nudc ngot
Hyella caespitosa Pleurocapsales Nudc man
Dang s¢i
Lyngbya majuscula Oscillatoriales Nudc man (nhiét do1)
Oscillatoria sp. Oscillatoriales Nudc ngot
Anabaena sp. Nostocales Nudc ngot
Nostoc sp. Nostocales Cac luu vuc ngot-man
Fischerella muscicola | Stigonematales Nudc ngot
GVHD: Nguyén Thi Phuong Dung SVTH: Nguyén Thi Thu Théo
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Nhitng vi sinh vat ndy dong vai tro quan trong, gop phan vao su da dang sinh hoc
ctia Trai dat. Luc lap, co quan quang hop c6 trong thuc vat va tao nhan chuén, di tién
hoa tir t6 tién 13 vi khuan lam thong qua co ché ndi cong sinh. Tao luc lam c6 kich thudce
rat nho, khé quan sat bang mét thuong, nhung nhd dic tinh sinh treéng nhanh va tap
hop thanh tirng dam trén midt nwde, ching trd nén dé nhan biét. Trong moi trudng 4m
ap va giau chat dinh dudng (chu yéu 13 phosphorus va nitrogen), vi khuan lam phat trién
nhanh chong va c6 thé xdy ra hién tugng “né hoa” trong hd (goi 1a hién tugng Tao nd
hoa). Tao lam hay tao luc lam thudng thudng xuét hién & nhitng viing nudc c¢6 nhiét do
cao, nhiéu anh sdng mat troi, du thira cht dinh dudng va dong nude chay cham hodc tu
dong 1a cac diéu kién Iy twong dé chung sinh s6i nhanh chong. Cac "bong hoa" tao co
thé hinh thanh & nhirng khu vuc nudc 4m, c6 dong chay cham va giau chat dinh dudng,
thudng xudt phat tir cac ngudn nhu phan bon hoic cac khu vire chin nudi. Ching can
dinh dudng dé ton tai va phat trién, c6 thé xuat hién bat ctr luc ndo, nhung thuong phd
bién vao cudi mia hé hodc ddu mua thu.

Vi khudn lam thuong c6 dang don bao, tp doan (Hinh 1A), soi chudi (Hinh 1B),
vi khuan lam dang don bao (Hinh 1C).

-

Hinh 1.5. Vi khuén lam sgi chudi (B)

Hinh 1.6. Vi khuén lam dang don bao (C)
1.3.2. Nhu ciu dinh duéng va cac yéu té anh hwéng dén sinh truéng ciia vi khuin lam

Su phat trién cua vi khudn lam chiu anh huong 16n tir cac diéu kién moi truong
nhu pH, nhi¢t d0, anh sdng, cac chat vi lugng va ham luong chit dinh dudng. O céc
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ving on d6i, nhiét do va anh sang 13 hai yéu t6 chinh chi phi sy phat trién cta vi khuan
lam. Tuy nhién, tai cac vung nhi¢t 61— no1 anh sang luébn & mirc cao va nhiét dg duy tri
& mirc thuan loi thi cac yéu té dinh dudng nhu nitrate va phosphate lai dong vai tro chu
dao. Dudi day 1a mot s6 yéu té chinh c6 tac dong truc tiép dén kha ning sinh trudng va
phat trién cta vi khuan lam [19].

- Anh sang: Qua trinh quang ty dudng cua vi khuan lam doi hoi anh sang trong
pham vi bitc xa hoat dong quang hop (thudng trong khoang tir 400-700 nm). Anh sang
can duogc cung cip du dé khong trd thanh yéu té han ché su tang trudong. Viée toi wu hoa
mdi trudng nudi cay doi hoi sy két hop hidu qua gitta viéc giam lang dong, dam bao su
di chuyén cuia té bao, dong thoi toi da hoa kha ning tiép xuc ctia chiing véi anh sang.
Tuy nhién, cudng do anh sang khong nén qué cao, vi c6 thé giy ra hién tuong trc ché
quang hop, 1am hu hai co ché quang hop cta té bao. Khi nudi ciy tao & do sau 16n va
mat do cao, can ting kha ning xuyén thdu ctia 4nh sang trong moi truong nudi. Cu thé,
cudng d6 anh sang khoang 1000 lux pht hop voi nudi trong binh tam gidc, trong khi thé
tich 16n hon can khoang 5000 - 10.000 Lux [19].

- Ngudn dinh dudng: Trong qua trinh san xudt quang ty dudng, vi khuan lam can
chu yéu cac chét dinh dudng nhu N, P, C cing v&i mot luong nho khoang chét va kim
loai vi lugng. Nitrogen va Phosphorus ¢ thé dugc cung cap voi sé lugng 16n thong qua
cac hop chit cong nghiép nhu uré va diamoni photphat. Cac ngudn carbon tap trung s&
duoc dé cap chi tiét & phan sau.

- Ngudn Carbon: Vi khuan lam chu yéu sir dung CO» tir khi quyén dé phat trién
trong moi truong tu nhién. Tuy nhién, do ham lrgng CO» trong khong khi kha thap, viée
b6 sung ngudn CO, tap trung cé thé gitp ting tdc do sinh truong, ddng thdi nang cao
san lugng va hi¢u suat PHB cao hon. Mot s6 ngué)n carbon c6 néng do cao tiém nang
bao gdm glucose, lactose, glycerol va cic hop chat hitu co khic. Tuy nhién, trong qua
trinh quang dudng, vi khuan lam bat dau giai phong carbon hitu co théng qua bai tiét
hozc phan huy té bao khi chét, tao diéu kién cho vi khuan di dudng phat trién va giy suy
thoai hé nudi cdy. Néu méi trudng nay dugce tai sir dung cho cac dot nudi cay tiép theo,
tong lugng carbon hitu co cin dugc gidm sat chit ché va duy tri & mic thap dé tranh cac
van dé trong qua trinh nudi cy.

- Do pH: Pay 1a mét yéu td quan trong dbi v6i sy sinh trudng va phat trién cua
VKL. Mbi trudng thuan lgi cho VKL thuong c6 pH trung tinh hoidc hoi kiém, v6i khoang
pH phu hop cho hau hét cac loai tao nudi nim trong khoang 7 — 10, tdi vu tir 8,2 — 8,7.
Su thay d6i dot ngot ciia pH c6 thé gdy anh huong tiéu cuc, thim chi ddn dén that bai
trong qué trinh nudi cdy. P6i voi VKL nudi & mat do cao, viéc bo sung CO: gitp kiém
soat pH, dam bao khong vuot qua 9 trong qua trinh phat trién.

- Nhiét d6: Phan 16n vi khuan lam phat trién t6i vu trong khoang 30 - 35°C hoic
cao hon mét chat. Tuy nhién, mot sé loai c6 thé thich nghi véi méi trudng khic nghiét,
nhu vi khuan lam séng & ving Bic Cuc va Nam Cuc, hay cac loai wa nhiét trong sudi
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nude nong, co thé phat trién manh & nhiét do trén 50°C. Mic du diéu kién nhiét do khac
nghiét ¢ thé tao ra moi trudng chon loc gitip kiém soat viée nudi cdy va giam nguy co
nhiém tap, nhung viéc duy tri nhiét d6 6n dinh trén quy mo 16n thong qua sudi 4m hoic
lam mat lai khong kha thi vé mat kinh té.

- Diéu kién canh tac chon loc: Bén canh cac vi khuan lam wa nhiét, con ¢6 nhirng
loai thich nghi véi mdi truong khic nghiét nhu vi khudn ua min hodc wa kiém, dién hinh
14 Arthrospira platensis va Synechocystis DUN52. Céc chiing nay c6 thé dugc nudi trong
diéu kién hoa hoc dic trung, khong thuan lgi cho sy phat trién clia cac vi sinh vat gay 0
nhiém. Tuy nhién, cac trang thiét bi va phuong phap hién c6 thuong kho lam sach va
khir tring giira cac 1an nudi cay, tham chi mot s6 trudng hop khong thé khir tring hoan
toan. Vi vdy, mot giai phap thay thé dé giam nguy co nhiém tap 1a luan phién nudi ciy
giita cac loai vi khuan lam nudc ngot va nude man. Sy thay d6i 16n vé méi trudng niy co
thé tiéu diét phan 16n vi khuan gy 6 nhiém, gitp duy tri chat lwong nudi ciy 6n dinh hon.
1.3.3. Phwong phap xir Iy nuéc thai sinh hoat bing vi khuén lam

1.3.3.1. Phuong phap quang duwong

Vi khuan lam (cyanobacteria), con goi 13 tiao lam, 1a nhém vi sinh vat quang
dudng nhn so, c6 kha ning quang hop oxyic tuwong tir thuc vat bac cao. Mot sb loai vi
khuan lam c6 kha ning phat trién manh trong diéu kién dinh dudng cao, dic biét 14 trong
nude thai gidu nitrogen va phosphorus. Dua trén kha ning quang hop va hap thu chat
dinh dudng, vi khuan lam dugc (ng dung trong xir Iy nudc thai nham loai bo cac hop
chat hitu co va chat dinh dudng (N, P). Co ché cua phuong phép quang dudng cia vi
khudn lam nhu sau:

a. Quang hop va co dinh CO:
Vi khuan lam str dung anh sang nhu ngudn ning lwong va CO: 1am ngudn carbon
thong qua qua trinh quang hop:

nang luwong,Chlorophyll
€0, + H,0 CsHy,05 + 0, +Q

Qua trinh nay lam ting ham lugng oxy hoa tan trong nudc, hd trg qua trinh oxy
hoa sinh hoc va thiic day su phan hiy cac chét hitu co.
b. Hap thu va chuyén héa nitrogen

Vi khudn lam c6 kha ning hip thu cac dang nitrogen vo co nhu amoni (NH4"),
nitrat (NOs"), nitrit (NO2") va chuyén hoa chung thanh sinh khdi té bao.

Mot s loai ¢6 thé ¢d dinh nitrogen phan tir (N2) trong diéu kién thiéu nitrogen,
thong qua enzyme nitrogenase:

nitrogenase

N, + 8H* + 8e~ 2NH; + H,
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c. Hap thu Phosphorus

Phosphorus duoc hap thy dudi dang orthophosphate (PO4*) va tich lily trong té
bao dudi dang polyphosphate.

Khi sinh khdi vi khuan lam dugc loai bo khoi hé théng, lugng 16n phosphorus
cling duogc loai ra khéi nudec.

d. Sinh tong hop sinh khéi

Vi khuan lam chuyén héa cac hgp chét dinh dudng va anh sang thanh sinh khéi
té bao, gop phan giam nong do 6 nhiém trong nudc thai:

Chét dinh dudng + CO, + 4nh sang — Sinh khdi+ O,

Hinh 1.7. Vi khudn lam quang dwéng Spirulina

1.3.3.2. Phuwong phap tap duong

Vi khuan lam tap dudng 13 nhém vi khuan lam c6 kha ning sir dung dong thoi
hai co ché dinh dudng: quang dudng (sir dung anh sang va CO,) va di dudng (st dung
cac hop chét hitu co) dé sinh trudng. Diéu nay gitp chung thich nghi tt véi nhiéu diéu
kién mo1 truong khac nhau, dic bi¢t 1a trong nudce thai cé dac tinh bién ddi vé 4nh sang
va dinh dudng. Co ché ctia phuong phap tap dudng cta vi khuan lam nhu sau:

a. Co ché tap dweong

Trong diéu kién c6 4nh sang, vi khuan lam thyc hién qua trinh quang hop:

nang lwong,Chlorophyll
CO, + H,0 CsHy 0y + 0, +Q

Pong thoi, ching c6 thé hip thu cac hop chat hitu co (nhu glucose, axetat, axit

amin) tir moi truong:

C¢H,,0, (COD) + 0, — CO, + H,0 + nang lwong (ATP)
Hai con dudng trao d6i chit nay dién ra song song, gitip tang hidu suét sinh truong
va kha nang xur Iy nudce thai.

b. Loai b6 chdt é nhiém
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Chét hitu co (BOD, COD): Puoc phan giai thong qua con duong di dudng, giup
giam nhanh tai lugng hitu co trong nudce thai.

Nitrogen va Phosphorus: Pugc hap thu dé xay dung cau tric té bao (protein, axit
nucleic) va nang luong (ATP, DNA).

Kim loai ning: Mot sé loai vi khuan lam tap dudng c6 kha ning hap phu hoic
tich Iily kim loai ning trong sinh khdi.

c. Sinh tong hop sinh khoi

Sinh khdi vi khuan lam phat trién manh trong méi trudng gidu chat hiru co, va co
thé tich liy lwong 16n cac hop chit c6 gia tri nhu protein, polysaccharide va
polyhydroxybutyrate (PHB) — mot loai polymer sinh hoc.
1.3.3.3. Phwong phap di duong

Vi khuan lam thuong duoc biét dén véi kha ning quang dudng, tuy nhién nhiéu
loai ciing c6 thé sinh trudng trong diéu kién di dudng — tirc 1a sir dung chét hitu co lam
ngudn carbon thay vi CO: va khong can anh sang. Phuong phap xir Iy nudc thai bang vi
khudn lam di dudng dira vao kha ning phan hiy cac chét hitu co, hip thu dinh dudng
(Nitrogen, Phosphorus) va sinh truéng trong méi trudng gidu hop chat hitu co. Co ché
ctia phuong phap di dudng ciia vi khuan lam nhu sau:

a. Trao doi chdt di dwong

Vi khuan lam di dudng st dung cac hop chét hitu co hoa tan trong nude thai nhu
glucose, axetat, axit amin, peptit... d¢ 1am ngudn ning lwgng va carbon cho qué trinh
phat trién té bao.

Phuong trinh tong quéat cho ho hap hiéu khi di dudng:

C¢H.,0, (COD) + 0, — CO, + H,0 + nang lwvong (ATP)

Trong diéu kién yém khi hodc thiéu oxy, mot s6 loai co thé 1én men cac hop chat

hitu co thanh cac acid béo dé bay hoi (VFAs).

b. Logi b6 chdt hitu co va dinh duwéng

Chat hitu co: Vi khuan lam di dudng phan hily cac hop chat hiru co (BOD, COD)
nho enzyme ndi bao va ngoai bao, chuyén hda chung thanh CO,, nwée va sinh khdi té bao.

Nitrogen va Phosphorus: Cac hop chat Nitrogen (NHs*, NOs") va Phosphorus
(PO+*) duogc hip thu dé phuc vu cho tong hop protein, axit nucleic va ATP, gop phan
lam giam nong do cac chat dinh dudng trong nudc thai.

c. Sinh khéi va kha nang tich lity

Vi khuan lam di dudng c6 téc do sinh trudng nhanh hon so véi thuan quang dudng
hoic di dudng nho tin dung dong thoi hai ngudn ning lwong va carbon, dan dén:
- Tang sinh khdi nhanh.
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- Tich Iy protein, lipid hodc polysaccharide cao.

- Sinh khdi ¢6 gia tr1 st dung trong cong nghiép sinh hoc, ndng nghiép, hodc xur
Iy tiép theo.
1.3.3.4. Xut Iy nudc thdi sinh hoat bang vi khudn lam S. salina

S.salinalda mot loai vi khudn lam (cyanobacteria) don bao, thudc chi
Synechocystis, dugc biét dén v6i kha ning quang hop manh mé nhd so hitu hé sic to
chlorophyll va phycocyanin, noi bat nh kha niang thich nghi vi méi truong man va
tiém ning Gng dung trong cong nghé sinh hoc bén virng.

Dic diém hinh thai:

Nganh: Cyanobacteria
Lop: Cyanophyceae
Bd§: Synechococcales
Ho: Merismopediaceae
Chi: Synechocystis
Loai: S. salina (Sauvageau, 1892)

Hinh 1.8. Hinh thai cua VKL M8
S. salina thudc nhom vi khuan quang hop, c6 cAu tric té bao hinh cau hoic oval,

khong cb dinh dam c6 duong kinh (0.7-8 pm), c¢6 hodc khong cé 16p nhdy min khong
mau. Chung s& hiru hé thdng sic t6 dic trung gdm phycocyanin (tao mau xanh luc lam)
va chlorophyll-a, giup hip thy anh sang hiéu qua cho qua trinh quang hop. Cau trac c6
thé 1a séng don 1¢ hoic thanh cum va c6 mang thylakoid phin b déu trong té bao (quan
sat dudi kinh hién vi dién tir).

S. salina M8 12 mot loai vi khuan lam c6 tiém ning cong nghé sinh hoc nho kha
nang tong hop mot s6 hop chat hoat tinh sinh hoc. M8 1a mét loai VKL trong nhom vi
khudn lam (cyanobacteria) voi kha ning quang hop, c6 thé sdng trong cac méi truong
nude min va nude ngot. VKL nay duoc biét dén voi kha ning tao ra ning lwong tir anh
sang mit troi thong qua qua trinh quang hop, twong tu nhu cac loai vi khuan lam khéc

v6i sy tham gia cta sic td chlorophyll a dé hap thu 4nh sdng mit troi va chuyén hoa

GVHD: Nguyén Thi Phuwrong Dung SVTH: Nguyén Thi Thu Théo
Luu Thi Thu Ha
23



Nghién ciru xir Iy nude thdi sinh hoat bang vi khudn lam Synechocystis salina M8

thanh ning lugng hoa hoc. Qua trinh nay tao ra cic san pham phu nhu oxy va glucose,
ddng thoi gitip chung phat trién va sinh truong. Ngoai ra, S. salina con c6 kha ning san
xuit polyhydroxyalkanoates (PHA), mot loai polymer sinh hoc c6 thé duogc sir dung
trong cac (rng dung cong nghiép, tir ngudn carbon dioxide, gitip tranh canh tranh vi san
xuit thue pham. Cac nghién ciru ciing da kham phé kha ning chiét xuit cac hop chat co
gid tri gia ting tir S. salina, bao gdm cac chit chdng oxy héa va sic t6 sinh hoc nhu
phycocyanin, carotenoids, va phycobiliproteins, théng qua cic phuong phap chiét xuat
tién tién nhu chiét xuat hd tro siéu Am [20]. S. salina co thé duoc st dung trong mot nha
may loc sinh hoc dé san xuat PHB va cac nhién liéu sinh hoc tién tién. PHB t S. salina
c6 thé duoc chuyén d6i thanh propylene va dau sinh hoc thdng qua qué trinh héa 1ong
thay nhiét [21].

S. salina dugc ung dung hi€u qua trong xtr ly nudc thai cong nghi¢p chira kim
loai nang. Thi nghiém ctia Almomani va cdng su (2020) chirng minh, loai nay loai bo
90% asen (As(III)) trong nuwde mén chi sau 7 ngay nhd co ché hap phu va chuyén hoa
sinh hoc. Kha ning ndy mé ra trién vong xtt Iy 6 nhiém tai cac khu vyc khai thac khoang
san hodc nudi tréng thuy san [22]. Nghién ctru ctia Zhang va cdng sy (2021) chi ra
rang, S. salina ¢ kha ning tong hop lipid chiém dén 35% trong lugng kho khi nudi cay
trong diéu kién thiéu nitrogen. Lipid nay chtra ham lwong cao axit béo khong no (C16—
C18), phu hop dé san xuét biodiesel. Pay 1a giai phap thay thé tiém ning cho nhién liéu
hoa thach, dic biét & cac ving ven bién noi ngudén nudc min doi dao [23]. S. salina cd
kha nang loai bo cac ion amoni, nitrat, nitrit va photphat tir nude thai trong vong 10-15
ngdy sau khi cdy, cho thdy kha ning tich lily cac ion niy trong sinh khéi ctia vi khuan
lam [24]. Ngoai ra, loai nay ciing da dugc chirng minh 14 ¢6 kha ning loai bd cac chat
dinh dudng nhu nitrogen va photpho tir nudc thai, v6i hiéu suat loai bé 1én dén 96%
photpho va 66% nitrogen [25]. S. salina c6 kha ning san xut cac hop chit chdng oxy hoa
va sac to nhu phycobiliproteins va carotenoids. Cac diéu kién tdi wu cho san xuét sinh
khéi va hop chét sinh hoc bao gom nhiét 46 25°C, pH 7,5, va ndng d6 NaCl thap [26].
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CHUONG 2. PHUONG PHAP, POI TUQNG VA VAT LIEU NGHIEN CU'U
2.1. Pbi twong, pham vi nghién ciru
2.1.1. Pdi twgng nghién ciru

Nudc thai sinh hoat thu tai cong xa cua khu nha & tap thé cta Gido vién truong
DPai hoc Cong ngh¢ GTVT tai 54 Triéu Khitic, Thanh Xuén, Ha Noi.

Chung vi khuan lam S.salina M8 dugc 1ay tir bd swu tap gidng duoc luu giir va
nuodi céy tai Phong Cong nghé Hoa sinh, Vién Hoa hoc, Vién Han Lam khoa hoc va
Cong ngh¢ Viét Nam, s6 18 Hoang Qudc Viét, Ha Noi.

2.1.2. Pham vi nghién ciru
Nghién ctru dugc thuc hién tai phong Phong Cong ngh¢ Hod sinh, Vién Hoa hoc tir
thang 1/2025 dén thang 5/2025.
2.2. Nguyén vat liéu, hoa chét va phwong phap nghién ciru
2.2.1. Hoa chét

Mbi truong thich hop dé nudi vi tao S. salina M8 1a BG-11, danh muc cac hop chat

can thiét chuan bi cho 1 lit méi trudng BG-11 dugce thiét 1ap nhu sau:

Bang 2.1. Thanh phan trong 1 lit méi trwong BG-11

Codng thac phan Do tinh

STT Tén hoa chat ti Khiét (%) Xuat xw

1 | Sodium nitrate NaNO; 95 Trung Quédc
Dipotassium phosphate K2HPO4 95 Trung Quéc
Magnesium sulfate A

3 heptahydrate MgSO4-7H0 95 Trung Quoc
Calcium chloride z

4 dihydrate CaCl,-2H20 95 Trung Quoc

5 | Citric acid CsHsO7 95 Trung Qudc
Ferric ammonium | (NHa)s[Fe(CeHa £

6 citrate 07)s] 95 Trung Quoc
Disodium

7 | ethylenediaminetetraac | Na;EDTA-2H,0 95 Trung Québc
etate dihydrate

8 | Sodium carbonate Na2CO3 95 Trung Quéc
Hon hop vi luong - kim loai (mix A5): H3BOs: 2,86g/L; MnCl2.4H,0: 1,81

9 |g/L; ZnSO047H20: 0,222g/L; Na:MO04.2H.O: 0,39¢/L; CuS0O4.5H0:
0,079g/L; Co(NO3)2.6H20: 0,049 g/L.

10 | Ammonium chloride NH4CI 98 Sigma

11 | Sodium Acetate C2H3NaO: Sigma
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2.2.2. Dung cu thi nghiém

D¢ tién hanh cac thi nghiém nghién ctru xir Iy nudc thai bang vi khuan lam

Synechocystis salina M8, céc thiét bi va héa chat duoc sir dung trong phong thi nghiém

can dam bao d6 chinh xac va pht hop véi yéu cau k¥ thuat. Duéi day 1a danh sach céac

thiét bi va hoa chat chinh duoc st dung trong qua trinh nghién ctru:

Bang 2.2. Thiét bi va hoa chit can thiét trong PTN

STT Tén thiét bi Model/Théng sé ki thuat Nha san xuat
1 | Cénphantich JF2204 Labex — Anh
2 | May ly tdm Z206A Hermle, btic
3 | May siéuam Ultrasonic Cleaner Anh
4 | Nbi hap tiét tring LS-75LJ Nanbei, Trung Qudc
5 | Tusay vataam Heraeus, Buc
6 | Kinh hién vi Kinh hién vi OLYMPUS, Nhat Ban
7 \1\/4|2y do quang UV- U-2900/2910 Shimazdu, Nhat Ban
May do cuong d6 anh Tenmars  Electronics
8 sang T™-204 CO., Ltd, Pai Loan
9 | benLED Rang Dong, Viét Nam
10 | May suc khi HP-400 Atman, Trung Qudc
11 Van dleEJ chinh luu Viét Nam
luong khi
1p |Binhthiydnhding de | o) .55 .51 | SIMAX, Germany
nudi cay
13 | Pau loc khi 0,22 um Trung Quéc
14 | Ong day Silicon Trung Quoc
p 25 mL, 50mL, 100 mL, ,
15 | Ong dong 1000 mL buc
16 | Binh dinh mic 25 mL, 50 mL, 1000 mL | buc
17 | Binh nén 50 mL, 250mL brc
18 | Glucose CsH120s Trung Quéc
19 | Natri bicarbonat NaHCO:s Trung Quéc
20 | Natri nitrat NaNO:; Trung Quéc
Kali dihydrogen z
21 ohotphat KH:PO. Trung Quoc
22 | Axit sulfuric H2S0.4 Trung Qudc
23 | Natri hidroxit NaOH Trung Québc
24 | Natri acetat CH;COONa Trung Québc
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2.2.3. Phwong phap nghién ciru

2.2.3.1. Vi khudn lam giong
a. Phuong phap duy tri giéng

Ngudn VKL gidng: S. salina M8 dugc nudi cdy duy tri trong cac binh tam giac
250 mL véi thé tich 1am viéc 100 mL. Nhiét 6 trong qua trinh nudi cdy dugc duy tri &
mtrc 25 —27 °C.

Nguon sang 1 2 bong dén huynh quang v&i cuong dd anh sang 60 pmol/m?/s 9
tuong duong 4.500 Lux), chu ky chiéu sang 1a 24 gio sang, suc khi (0,1 vvm) va khuy
tir (150 vong/phtt).

b. Phuong phap nhan giéng

- Gibng cép 1:

+ 8. salina M8 Iuu trén thach cdy vao 20 mL mdi truong BG- 11 trong binh tam
gidgc 100 mL va lic 150 vong/phut dudi anh sang trong 7 ngay.

- Gibng cép 2:

+S. salina M8 gibng cép 1 (20 mL) trong binh tam gidc 100 mL va cdy vao 100-
150 mL mbi trudng BG-11 di tiét tring trong binh tam gidc 250-500 mL va lic 150
vong/phut dudi anh sang trong 6-8 ngay, khi tbc do ting trudng cua tao dat 6n dinh va
dé dat mat do té bao trén 2,5 x 10° TB/mL (twong duong ODsso =2,5 Abs hodc 1,0 g/L)
thi s& tién hanh nudi ciy Synechocystis salina M8 trong méi trudng nude thai dé thuc
hién céc thi nghiém.

Hinh 2.1. Hinh thdi vi khudn lam S. salina M8
2.2.3.2. Phwong phdp ldy mau va phdn tich chdt lwong nwée thai sinh hoat

a. Phuong phap lay mau va bao quan nudc thai

Mau nuéc thai dugc lay tai cong thoat nudc thai (sau khi xir 1y so bo tai bé phot
3 ngin) cua nha B2 tai khu nha & gio vién tai 54 Triéu Khic, Thanh Xuén, Ha Noi vao
luc 8h ngay 18/01/2025. Toa do: X =2 321 500, Y =594 624.

Nudc thai duge ldy theo tiéu chuan Vit Nam TCVN 5999:1995 (ISO 5667/10:

1992) vé chét lwgng nudce - 1dy miu — hudng dan Ay mau nudc thai; Bao quan theo tiéu
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chuin Quéc gia TCVN 6663-3:2016 (ISO 5667-3:2012) vé chit lvong nude — Lay mau —
Phén 3: Bao quan va xt Iy mau nudc dé dam bao tinh dai dién va d6 chinh xac cua mau
trong qua trinh thyc hién thi nghiém.

Nudc thai dung vao can 5-10 L va dua vé Phong thi nghiém Cong nghé Hoa sinh,
Vién Hoa hoc
b. Phuong phap tién xtr ly va phan tich mau nuwéc thai trong phong thi nghiém

Nudc thai duge xir Iy so bd bang phuong phap loc qua gidy loc ¢6 kich thuée 16 3
-7 um trong 30 phut dé loai bo rac, hat lo ling trude khi tién hanh cac thi nghiém.

* Phuong phap do nhanh cic thong sb trong nuéc thai (do nhanh cac thong sb
pH, nhiét do).

* Phuong phap phan tich mau nuéc thai trong phong thi nghiém

- TCVN 6625:2000 (1SO 11923:1997) vé chat lwvgng nudce - Xac dinh chat ran lo
lieng bang cach loc qua cdi loc soi thuy tinh;

- TCVN 6202:2008 — Tiéu chuan Viét Nam vé chit lwong nudc — Xéc dinh
Phosphate va Phosphorus, phwong phap dé phd dung amoni moliphat;

- TCVN 6180:1996 1SO 7890-3:1998 (E): Tiéu chuan Viét Nam vé chit luong
nuéc — Xac dinh Nitrat, phuong phap tric phd ding axit sunfosalixylic;

- TCVN 6179-1:1996 - Tiéu chuan Viét Nam vé chat lugng nuéc — Xac dinh
amoni;

- TCVN 6491:1996 - Tiéu chuan Viét Nam vé chat lugng nuéc — Xac dinh nhu
cau 6xy hoa hoc.

M&bi mau thi nghiém duoc do 13p lai 02 lan dé dam bao d6 tin cay thong ké va két
qua do duoc trinh bay bang gia tri trung binh + do léch chuan.
2.3. Phwong phap nuéi S. salina M8 trong nwée thai sinh hoat
2.3.1. Chuan bi giéng

Quy trinh nudi cay S. salina M8 ddi héi viéc chuan bi gidng dam bao tinh thuin
khiét va hoat tinh sinh truong t6i wu. Cac ching vi khuan lam M8 can duoc duy tri trong
mdi treong nudi ciy tiéu chuan nhu moi truong BG-11. Trude khi dua vao hé thong
nudi trong nudc thai sinh hoat, cac giong vi khuan lam dugc nhan giéng so bd trong moi
truong dinh dudng thich hop duédi diéu kién anh sang lién tuc (40-60 pmol photons m
s71) va nhiét d6 toi wu (25 — 27°C).

Viéc kiém tra mat do té bao bang phuong phap do mat do quang (ODsso) dé xac
dinh thoi diém thich hop chuyén gidng sang binh c¢6 dung tich 16n hon. Ngoai ra, can

kiém tra do thuan khiét cua giéng dé tranh nhiém tap céac vi sinh vat khong mong mudn.
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Hinh 2.2. Nhin giong S. salina M8 trong binh 250 mL (A) va 2000-5000
mL (B) trong phong thi nghiém
2.3.2. Chuén bj nuoc thai

Nudc thai sinh hoat dugc thu thap va xu 1y so bd trude khi sir dung dé nudi cay
vi khuan lam. Cac budc chuan bi bao gom:

- Loc va lang can: Nudc thai duge xtr Iy so bd bang phuong phap loc qua gidy loc
c6 kich thude 16 3 - 7 pm trong 30 phut dé loai bo rac, hat lo ling trude khi tién hanh cac
thi nghi¢m.

- Diéu chinh pH: Duy tri pH trong khoang 5 — 9 dé dam bao méi trudng pht hop
cho sy phat trién cua VKL. pH duoc diéu chinh bang dung dich axit (H2SO4) 0,1N hodc
bazo (NaOH) 0,1N.

2.3.3. B4 tri thi nghiém

a. Khdo sdt anh hirong ciia mdt dé giong ban dau 1én khd néng sinh triwong cia S.salina

Pé Iya chon dugc mat do giéng thich hgp cho su sinh truong cua S.salina M8,
chung ndy duoc nudi trong cac binh Duran 1L v6i moi truong BG-11. Mat do tao gidng
ban dau tai cac thi nghiém véi ty 18 tao gidng 10%, 15%, 20% va 25% (v/v). Cac thi
nghiém duoc thyc hién trong thoi gian 8 ngay véi diéu kién nhiét 46 27°C, suc khi (0,1
vvm) va khudy tir (150 vong/phit), cuong d6 chiéu sang 4.500 Lux, chu ky sang 13 24h.
MGdi thi nghiém dugc thuc hién lip lai 02 lan.
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Hinh 2.3. Thi nghiém nudéi S.salina M8 trong NTSH

b. Khado sat anh hwong cia pH dén kha néng sinh trwdng cia S.salina M8 va hiéu qud

xw Iy nweoc thai sinh hoat

Thi nghi¢ém tién hanh trong cac binh Duran 1L tai cac gia tri pH tur (5, 6, 7, 8, 9),
v6i mat do S.salina M8 ban dau duoc lya chon 1a mat do c6 kha ning sinh trudng tdi uu
tir thi nghiém (a). pH duoc diéu chinh pH trong méi trudng nudc thai biang axit (H2SO4)
hodc bazo (NaOH) trong c4c thi nghi¢m. Cac diéu kién thi nghiém nhu sau: nhiét 46 27°C,
suc khi (0,1 vvm) va khudy tir (150 vong/phut), cudng d6 chiéu sang 4.500 Lux, chu ky
sang 1a 24h. Mdi mau thi nghiém dugc thyuc hién do lip lai 02 lan. Su sinh truong va hi¢u
qua xur Iy nude thai sinh hoat cta S.salina M8 dugc theo doi trong 8 ngay, céc chi ti€u
phan tich chat lugng nude thai sau xir Iy bao gdm: N-NH4", T-N, T-P, PO,>, COD.

c. Khao sdt anh hwong cia ty 16 C:N:P dén khd ndng sinh triéng ciia S.salina M8 va
hiéu qua xu ly nworc thai sinh hoat

Thi nghiém tién hanh trong cic binh Duran 1L tai cac ty 16 C:N:P = (100:10:1),
(100:5:1), (100:10:0,5), (100:15:1). Diéu chinh thanh phan dinh dudng bing cach bd
sung ngudn cacbon (acetate), nitrogen (NaNO3) va phosphorus (KxHPO,). Cac diéu kién
thi nghiém nhu sau: nhiét d6 27°C, suc khi (0,1 vvm) va khudy tir (150 vong/phut),
cuong do chiéu sang 4.500 Lux, chu ky sang la 24h, mat d¢ tao giéng lya chon dua vao
két qua thi nghiém (a) va pH t6i vu duoc lya chon dya vao két qua thi nghiém (b). Moi
thi nghi¢m dugc thyc hién ldp lai 02 lan. Sy sinh trudng va hi¢u qua xur Iy nude thai sinh
hoat ctia S.salina M8 dugc theo ddi trong 8 ngdy, cac chi tiéu phan tich chat luong nudce
thai sau xur 1y bao gém: N-NH4", T-N, T-P, PO4*-, COD.

d. Phuwong phap danh gida sw sinh truwong cua S.salina M8
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Véi myc dich x4c dinh sy sinh trudng cta S. salina M8 trong mdi trudng nudi cdy,
phuong phap do mat d6 quang hoc (Optical Density — OD) dua trén kha ning hap thu 4nh
sang cua cac sic té Chlorophyll trong té bao duoc sit dung. Sy sinh trudng cua S. salina
M8 dugc theo dbi bang cach do do hp thu quang tai budc song 680 nm (ODsso) bang may
quang ph6 UV-Vis. Gia tri ODeso ty 1& thuin v6i mat do sinh khéi trong méi truong.

Tién hanh do mat d6 quang v&i tan suit 1 1an/ngay vao cung thoi diém trong ngay.
Trudc khi do can lac déu binh thi nghiém va dung pipet iy 5 mL dung dich thi nghiém
cho vao cuvet sach. DBat cuvet vao may do quang & bude song 680 nm sau do ghi lai gia
tri ODeso ctia mau. Xay dung dudng chuan ODsgo theo thoi gian dé theo ddi sy sinh
truong cua S. salina MS.

Hinh 2.4. Mdy do quang phé UV-Vis

e. Do pH, nhiét do

Céc thong s6 méi truong nhu pH va nhiét 46 dong vai trd quan trong trong su
sinh truong va kha ning tong hop PHB ctia vi khuan lam. pH moéi trudng duoc do bang
méay do pH cam tay dé theo ddi sy thay doi theo thoi gian. Nhiét do ctia hé thong nudi
cay dugc kiém soat va do bang nhiét ké dién tir.

2.4. Phwong phap xi li s6 liéu

Cac thi nghiém duogc bb tri theo thiét ké hoan toan ngau nhién véi cac bién doc lap
gbm ty 16 tao giéng, pH va ty 16 C:N:P v&i bién phu thudc 1a mat do quang hoc (ODego).
MObi mau thi nghiém duoc do lap lai 02 1an dé dam bao do tin cay théng ké va két qua do
duoc trinh bay bang gia tri trung binh + d6 1éch chuan. S6 liéu thé duoc xir 1y trén phan
mém Excel 2016 cua Microsoft. Hiéu Suét xur Iy COD, N-NH4", T- N, P- PO4> va T-P duoc
xac dinh theo cong thirc:

H. :(1-&)X100
Co

Trong d6 H; 13 hiéu suat xir 1y; Co; 13 gia tri ndng d6 cac thong sb cua nude thai

dau vao (mg/L); va C; 1a gia tri ndng d6 cac thong sd cua nudc thai sau xir 1y (mg/L).
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CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Khio sat miu nwéc thai sinh hoat

Mau nuédc thai dugc léy o céng thoat nudc tai khu vuc nha & gido vién truong
Pai hoc Cong nghé GTVT. Qua quan sat bang cam quan nhan thiy nuéc thai c6 mui
héi, chira nhiéu cin lo irng va cac van duc mau trang. Can lo ling va d6 mau cao s& anh
huong dén kha nang khuyéch tan ctia 4nh sang vao trong nuée, lam giam hiéu suit quang
hop ctia vi tao, do d6 mrde thai sinh hoat khi dwa vé phong thi nghiém can duoc loc qua
gidy loc c6 kich thuée 16 3 - 7 pm trong 30 phut nham loai bo cin lo lirng, cin c6 kich
thudc 16n va giam do duc trude khi tién hanh nudi cy S.salina M. Trude khi tién hanh
cac thi nghiém, nude thai sinh hoat duoc phan tich cac thong sé 6 nhiém co ban nhim
danh gia ham luong cac chat nhu COD, Nitrogen, phosphorus dé sir dung nudi ciy
S.salina M8 va danh gia anh huong cua cac yéu té nhu mat do tao gidng, pH, ty 1& cac
chat dinh dudng COD, TN, TP dén su sinh truong va hiéu suit xtr Iy cac chat 6 nhiém
c6 trong nudce thai sinh hoat bang S.salina MS.

Bang 3.1. Nong dd cac chat 6 nhiém trong NTSH trwde khi nudi VKL

STT | Thongsé | Don vi Hamlwong | QCVN 14:2008/BTNMT
(Cot B)
1 pH - 7,3+0,2 5-9
2| Nhiét do oC 25,67+ 0,21 i
3 TSS mg/L 1,4+ 0,2 100
4 N-NO3 mg/L 32+0,1 50
5 | N-NH4 mg/L 32,12 + 0,42 10
6 Tong N mg/L 36,12+ 0,52 -
7 P-POs* mg/L 52 +0,15 10
8 Tong P mg/L 6,3+0,2 -
9 COD mg/L 325,6 £ 0,3 -

C4c so liéu phan tich nudc thai dugc thé hién trén bang 3.1 cho thay nuéc thai sinh
hoat da qua loc va trudc khi dua vao xu Iy bang S.salina M8 c6 méi truong pH trung
tinh. Ham legng COD dao dong trong khoang 325,6 £ 0,3 mg/L. Nudc thai giau
Nitrogen trong d6 ham lugng amoni (N-NH4*") cao véi nong do trong khoang 32,12 +
0,42 mg/L va N-NOs™ ¢6 ham lugng thap 3,2 + 0,1 mg/L. Ham luong photphat (PO4%)
la dang hop chat phosphorus chu yéu duoc tim thay trong nuée thai sinh hoat véi ndng
d6 dao dong 5,2 + 0,15mg/L. Tong nitrogen T-N va tong phosphorus T-P ghi nhan trong
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nghién cru ndy nam tuong (ng trong khoang 36,12+ 0,52 mg/L va 6,3 = 0,2 mg/L (ty
lé¢ C:N:P =~ 52:6:1). Tong chat ran lo ling (TSS) sau loc khoang 1,4+ 0,2 mg/L va khong
anh huong dén kha nang khuyéch tan cua anh sang vio trong nuwdc. Dé nudi S.salina
M8, gié tri pH trong nuéc thai sinh hoat tir mau thu tai céng thai 1a phu hop véi chung
S.salina M8 trong mdi trudong chuan BG-11 dong thoi két qua phan tich cho thay nuéc
thai sinh hoat duoc sir dung trong thi nghiém nay chira céc chat dinh dudng thiét yéu
nhu carbon, nitrogen, cac hop chat phosphorus can thiét cho su phat trién cua tao.
3.2. Anh hwong cia mat @9 VKL (VKL giéng) ban dau Ién kha niing sinh truéng
cua S.salina M8

Mat d6 cip giéng ban dau c6 vai trd quan trong va anh huéng dén sinh truong
cua S.salina M8 trong méi truong dinh dudng. Chinh vi vay, trong nghién ctu ndy cac
ty 1é cap giéng ban dau dugc khao sat lan luot la 10%, 15%, 20% va 25% (v/v). Sinh
trudng cua S.salina M8 dugce theo ddi va do mat do quang ¢ cac mdc thoi gian T = 0; 2; 4;
6 va 8 ngay (Hinh 3.1).

=
~ 4

Hinh 3.1. Thi nghiém nuoi S.salina M8 trong nwdéc thai sinh hoat voi ty
1é tao giong khdc nhau

Bang 3.2. Anh hwdng cia mét dd gidng dén su sinh truwéng cia S.salina

MS
=~ ODesonm 10% 15% 20% 25%
Theoi gian
T0 0,601 £0,02 | 0,844x0,01 | 1,466£0,01 | 1,75+0,01
T2 0,618+0,015 | 0,992+0,016 | 1,930+0,015 | 2,0+0,13
T4 1,108£0,15 | 1,636x0,124 | 2,548+0,002 | 2,4+0,05
T6 1,065+,025 | 1,63240,0,008 | 2,769+£0,01 | 2,6+0,01
T8 1,203 0,026 | 2,058+ 0,009 | 2,941 £ 0,05 | 2,648 = 0,04

GVHD: Nguyén Thi Phuwong Dung SVTH: Nguyén Thi Thu Théo
Luu Thi Thu Ha

33



Nghién ciru xir Iy nude thdi sinh hoat bang vi khudn lam Synechocystis salina M8

——10%
s 4.5 A o
zZ 15%
2 4
8 20%
o 35 25%
3 -
25 F
2 -
15
- A/"
1 r ‘—__’/v -
05 THO' GIAN (NGAY)
0 1 1 1 1 #I
0 2 4 6 8

Hinh 3.2. Sinh truwong cua S.salina M8 ¢ mdt d¢ giong dau vao khdc
nhau

S6 lieu hinh cho thdy Iwong cap gidng ban dau c6 anh huong rd rét dén tée do
sinh truong cua VKL. O céc ti 1é 10% va 15% VKL, toc do sinh trudng ting trudng ting
dan sau tirng ngay tuy nhién van thap hon so nhiéu so céc ti & khac. Sau 8 ngay nudi,
gi& tri ODego ctia 10% va 15% VKL lan luot dat 1,203+ 0,026 va 2,058+ 0,009. Biéu nay
cho thay luong gidng cap ban dau thap lam sinh khdi dat duoc khong cao, dan dén mat do
sinh khi thap.

Trong khi do, o ti I¢ 20% va 25% VKL, sinh trurdng taing nhanh hon va dat gia tri
cuc dai sau 8 ngay vai ODego lan luot 12 2,941 + 0,05 va 2,648 + 0,04. Dic biét, ti 16
20% VKL cho két qua sinh truong tot nhat véi gid tri ODego cao nhét (twong ng la
2,941 + 0,05). Két qua nay ph hop véi cac nghién ctru trude day, khang dinh ring mat
d6 VKL nubi ban dau anh huéng I6n dén hiéu suit quang hop va tée d6 ting trudng cua
sinh khéi [27]. D4i vai ti 1é 25% tuy ODesgonm c6 tang nhung khong 6n dinh, diéu nay
cho thay ti I¢ dau vao néu qué cao sé& khién VKL che khuat 4nh sang cua nhau 1am giam
hiéu suat quang hop va sy canh tranh vé chat dinh dudng trong méi trudng nudi do do
la nguy@n nhan tao tang truang kém. Do do, ty 1é cap giéng 20% VKL duoc lya chon
cho cac thi nghiém tiép theo.
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3.3. Anh huéng cia pH dén sinh trudng cua S.salina M8 va hiéu qua xir Iy chit 6
nhiém trong nwéc thai sinh hoat.
3.3.1. Panh gia anh hwong cua pH 1én kha ning sinh trwong cua S.salina M8

pH 14 yéu t chi thi, phan anh c4c thanh phan nudi dudng cung cap cho méi truong
nudi dudng VKL, chil yéu 1a ngudn bicarbonat va khi CO, hoa tan, pH 1a mot trong
nhitng nhan té moi trudng cé anh hudng rat 16n 1én sy sinh trudng cia VKL

Thi nghiém vé6i 5 binh dung tich 1000 ml, trong ¢6 mdi binh chira 100ml VKL
gibng M8 (twong rng v6i mat @ VKL giéng ban dau duoc lya chon 1a 20%) tir thi
nghiém trén cuing 400ml nudc thai. Tién hanh thi nghiém & cac do pH ting binh 1an luot
béng pH=5,6,7,8,09. Diéu kién nudi céy dugc gitr on dinh: nhiét do phong nuoi la
27°C, cuong d6 anh sang 4.500 Lux, suc khi (0,1 vvm) va khudy tir (150 vong/phut). Su
sinh trudng va hi€u qua xu Iy nude thai sinh hoat cua S.salina M8 dugc theo doi trong
8 ngay, cac chi tiéu phén tich cht luong nudce thai sau xir Iy bao gdm: N-NH4", T-N, T-
P, PO4*-,COD.

, mt

07/01/2025 16:38

Hinh 3.3. Thi nghié¢m nudéi S.salina M8 trong NTSH vdi khodng gid tri
PH khdc nhau

Trong sudt qua trinh nudi cay Synechocystis salina M8 & cac diéu kién pH khac
nhau (tr pH =5-9), gi tri pH cua méi truong dugc theo dbi dinh ky bang may do pH
cam tay. Mat do sinh khdi duge xac dinh thong qua do do hép thu quang hoc tai budc
song 680 nm (ODsso) theo cac mdc thdi gian tir ngdy (TO-T8). Bang 3.3 va Hinh 3.4,
3.5 thé hién chi tiét su thay d6i mat 46 quang va pH sau mdi lan do trong tirng diéu kién
thi nghiém:
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Bang 3.3. Anh hwéng cia pH 1én sy sinh truéng cia S. salina M8

Ngay T0 T2 T4 T6 T8
g | ODsom | 0.609:0,064 | 0.564£0.015 | 0.675£0,124 | 0.512:0,01 | 0,508+0,003
p =
pH sau 6 6,5 6,5 6 6,5
| ODstom | 0.60320,057 | 1,070:0,03 | 1,284£0,061 | 1,836+0,051 | 18520016
P pH sau 7 75 6,5 6,5 6,5
1o | Do | 0.62760,02 | 1,08260.012 | 1,560,032 | 2.868£0,041 | 2925+0,002
P pH sau 7 9 8,5 8 8
tog | ODowom | 0,669+0,008 | 1,124£0,011 | 1491+0,006 | 2.496+0,013 | 2,315£0,005
P pH sau 75 9 9 9,5 9,5
1o | ODstom | 0.61520,025 | 0.878£0,004 | 1,329+0,002 | 2,088+0,013 | 2,14:0,009
P pH sau 8,5 9 8,5 8,5 9
£ 32
c
o —&—pH=5
3
Q 2.5 A pH=6
o
pH=7
2 i pH=8
pH=9
15 -
1 .
0.5 *‘/‘\: R
Thoi gian (ngay)
0 1 1 1 :l
0 2 4 6 8

Hinh 3.4. Sinh truong cua S.salina M8 o cac pH khac nhau, ty I¢ tio
giong 20%

Két qua cho thay do hap thu quang ting dan theo thoi gian ¢ hau hét cac gia tri
pH cho thay sy phat trién cia VKL.

Tai pH = 5 d6 hap thy quang ban dau 1a 0,609 + 0,064 va c6 su thay d6i nhe sau
d6 giam dan tir ngay T3 sang T6 cho thdy moi truong nay khong thuan lgi cho sy phat
trién ciia VKL, trong khi tai pH= 6-9, 6 hap thu quang ting dan trong nhirng ngay dau
va tiép tuc ting dén ngay T6 va T8 cho thiy VKL phat trién tét trong khoang pH trung
tinh dén kiém. Tai pH=7 gia tri ODesonm cao nhat 1a 2,925+ 0,002 vao ngay T8 cho thiy
day la diéu kién t6i wu cho sy phat trién ciia VKL; pH=8 gia tri ODssonm cling phat trién
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t6t, tuy nhién cé giam hon so voi pH=7, ODssonm vao T6 la 2,496+ 0,013 sau d6 giam
nhe xudng 2,315+ 0,005 vao T8.

Tai pH=6 va pH=9 gia tri ODgsonm cling ting dan dén ngay T8 nhung khong cao
bang pH=7 hoic pH=8.

10 3
pH=5
9.5
Q H=6
2 . P
2 pH=7
(&)
g 8.5 3 —>—pH=8
81 —¥—pH=9
75 §
7
6.5
6
5.5 . .
THO GIAN (NGAY)
5 T T T T ;I
0 2 4 6 8 10

Hinh 3.5. Biéu do sw thay déi cua pH sau khi cho S.salina M8 vao
NTSH

Qua biéu dd ta thiy sau khi cho S.salina M8 vao céac thi nghiém déu cho thiy gia
tri cua pH déu ting. Piéu nay 1a do qua trinh quang hop ciia VKL lam giam CO; trong
nuée va ting pH. VKL str dung CO» trong qué trinh quang hop dé tao ra oxy va chat
hiru co. Khi CO» bi hap thy, cin bang cacbonat trong nuée bi thay doi, din dén giam
H>COs3 (axit cacbonic) va lam tang pH cua nudc:

CO; + H20 <> HCO3 +H"

Khi CO: giam, phan tng s& dich chuyén vé bén tri, 1am giam H* va tang pH.
Ngoai ra VKL con co thé do hip thu NH4" 1am ngudn nitrogen cho sy phat trién cua
ching. Qua trinh ndy giai phong OH™ vao moi trudng, 1am tang pH:

NH4"+ OH = NH;3;+ H,O

Khi NH4* bi giam, cAn bang hoa hoc dich chuyén, lam ting pH.

Qua biéu do ta thay rang tai pH=>5 gia tri pH sau khi cho VKL ting 1én pH=6 vao
TO sau d6 ting dan 1én 6,5 va 6n dinh cho dén T8. Tai pH=6 thi c6 su ting nhe tir TO
cho dén T2 sau d6 giam dan va 6n dinh tai T3 dén T8. Tai pH=7 c6 sy thay di rd nhat,
ting tir TO dén T2 va dat dinh tai T2 v&i pH sau khi cho VKL vao pH=9, sau d6 giam dan
va on dinh tai TS.
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O pH=8, gia tri pH sau khi cho VKL vao tang tir TO dén T2, sau d6 giam dan
nhung van duy tri & mic cao hon so voi T0. O pH=9, gia trj giam xudng 8,5 & ngay TO
sau do ting dan 1én pH=9 va 6n dinh tai T8S.

Nhu vay, sau khi nuoi S.salina M8 trong NTSH, pH c6 xu hudng tang 1én chim
trong giai doan dau do day 1a giai doan VKL thich nghi dan véi moi truong, dic biét &
pH =7 va pH =8 (mbi truong kiém nhe). Sau thoi gian nudi T= 8 ngay pH dat muic 6n
dinh cho thay S.salina M8 da thich nghi v&i méi truong.

Két luan: O pH = 7 duoc coi 1a mdi truong t6i wu nhat cho sy phat trién ciia VKL
M8, véi @6 hap thy quang cao nhat (ODsgonm = 2,925+ 0,002) va sy ting trudng manh
mé& qua cac mdc thoi gian. Cac pH ngoai khoang 7—-8 khong phu hop (dic biét 1a pH 5,
6 va 9), dan dén sy phat trién yéu hodc méi trudng khong 6n dinh.

3.3.2. Panh gia hi¢u qua xw li NTSH cua S.salina M8 tai gia tripH =7

Dong thoi v6i su sinh trudng tdi wu cta S.salina M8 tai gia tri pH = 7 sau 8 ngay
nudi ciy, két qua phan tich ndng d6 va hiéu suat xir Iy cac chat 6 nhiém trong nudce thai
sinh hoat dugc thé hién trong bang 3.4 va hinh 3.6.

Bing 3.4. Nong d cac chit 6 nhiém ctia NTSH khi xir 1y bang M8 tai pH

=7
pH="7.0 N-NH4 TN PO+ TP COD
Trube xwly | ) 15042 | 36124052 | 524015 63+02 | 3256+03
(mg/L)

S?;;‘Sy 631+022 | 723025 | 1,08£005 | 127£0,15 | 863+0.5
Hiéu suit (%) | 80,35£033 | 79,98+ 0,41 | 7923 0,51 | 79,84+ 0,28 | 73,5+0,12
350 2 | M D3u vao Daura M Hiéu suat | 3956 £ 90

80.35 79.84 79.98 79.23 : i

80
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éusul
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200 50

150 40

30

100
20

50 10

0 0

CcobD

N-NH4+ TP N PO43-

Hinh 3.6. Nong dé cdc chit 6 nhiém trong NTSH trwéc va sau khi xu Iy

Tu hinh 3.6 c6 thé thdy sau 8 ngay thi nghiém, ham lwong N-NH4*, T-P, T-N,
PO43, COD tai gia tri pH=7 déu giam. Trong d6, ham lugng N-NH4" ¢6 hiéu suat xur ly
cao nhat dat 80,35+ 0,33% voi ham luong amoni dau vao 1a 32,12 + 0,42 mg/L xudng
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6,31 £ 0,22 mg/L & dau ra. Piéu d6 cho thay kha ning xtr Iy amoni ctua M8 1a rét tét.
Ham lugng T-N dat 79,98+0,41% tuong (rng giam tir 36,12+ 0,52 mg/L con 7,23+ 0,25
mg/L cho thiy kha ning hap thu hiéu qua cia M8 d6i vdi cac chit dinh dudng. Tuong
tir c6 thé thdy kha ning loai bd PO4>" cling dat hiéu suét cao, dat 79,23 +£0,51% giam tir
5,2 + 0,15 mg/L xudng con 1,08+ 0,05 mg/L. Ham luong T-P giam tur 6,3 + 0,2 mg/L
xudng con 1,27+ 0,15 mg/L (du ra) voi hiéu suat xu 1y 1a 79,84 +0,28% sau 8 ngay thi
nghiém. Bén canh kha ning loai bo cac chat dinh dudng (nitrogen, phosphorus) thi kha
ning kha ning loai bo chat hiru co (COD) ciing dugc thé hién trén hinh 3.6. Ham luong
COD dau vao 1a 325,6 + 0,3 mg/l giam con 86,3+ 0,5 mg/1 voi hiéu suat 73,5+ 0,12 %.
Mic du hiéu suat xir Iy COD thap hon so véi cac chi tiéu khac, tuy nhién van c6 muc
giam dang ké cho thay kha niang xur 1i hiéu qua cua M8 trong viéc loai bé phan 16n cac
chat hitu co gay 6 nhiém.

3.4. Anh hudng ciia ti 18 C/N/P dén sinh trwéng cua vi khudn lam va va hiéu qua
xir Iy chat 6 nhiém trong nuéc thai sinh hoat béi S. salina MS8.

Thi nghiém danh gia anh hudng ciia ty 1é cac chat dinh dudng ty 16 C/N/P dén ting
truong va hiéu qua xir Iy chat 6 nhidm trong nudc thai sinh hoat boi S. salina M8 duge
tién hanh & céc ty 1€ khac nhau nhu sau 100:10:1; 100:5:1; 100:10:0.5; 100:15:1 v61 mat
d6 VKL ban dau 20% (v/v), pH =17, cudng d6 anh sang 4.500 Lux, nhiét d 27°C, suc khi
(0,1 vvm) va khudy tir (150 vong/phit). Két qua sinh truong cta S. salina M$ tai cc ty
16 C/N/P va hiéu qua xir 1y cac chit 6 nhiém trong nudc thai bao gdm: N-NH4", T-N, T-P,
PO4*, COD nuéc thai sau 8 ngay duoc thé hién trong cac Bang 3.5 va Hinh 3.7.

2025/04/08 11:38

Hinh 3.7. Thi nghiém nuoéi VKL M8 tai cdc ti I¢ C/N/P khdc nhau
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Bing 3.5. Anh hwéng ciia ti 1¢ C/N/P dén sinh truwéng ciia S.salina M8

Ty l¢ C:N:P

Mat do 100:10:1 100:5:1 100:10:0.5 100:15:1
quang ODsso
TO (8/4/2025) 1,03+0,02 0,794+0,23 0,936+0,16 1,1+0,15
T1 (9/4/2025) 1,362+0,012 1,064+0,31 0,652+0,82 0,976 £0,011
T2 (10/4/2025) 1,76+,0,014 1,58+0,16 1,48+0,25 1,504+0,2
T3 (11/4/2025) 2,211+0,01 1,977+0,24 2,037+0,45 1,947+0,23
T6 (14/4/2025) 3,248+0,011 3,188+0,15 2,787+0,12 2,778+0,15
T7 (15/4/2025) 3,754+0,009 3,95+0,015 3,716+0,006 3,704+0,003
T8 (16/4/2025) 4,25+0,015 4,06+0,012 3,695+0,002 3,52+0,001
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Hinh 3.8. Sinh trwong cua S. salina M8 o'ty 1¢ C/N/P khac nhau

Nhdgn xét: Tt hinh 3.8 c6 thé thay rang tat ca cac nghiém thuc déu cho thay xu
hudng tang trudng cua S. salina M8 tai cac ti 1&¢ C/N/P 1o rét tai ODggonm. Tai C/N/P =
100:10:1, ODegonm dat gia tri cao nhét tir T1 vé sau, toc dd tang dan va 6ndinh tir T3 dén
T7 va dat dinh tai T8 1a 4,25+0,015. Diéu nay cho thdy day 1a ty 1¢ t6i wu cho sy sinh
truong cta S. salina M8 trong NTSH. Déi véi ti 16 C/N/P = 100:5:1, gia tri ODgsonm ban
dau thip tuy nhién ciing ting dan dén T8 14 4,06+0,012 gan bang vai ti 16 100:10:1, cho
thdy rang ti 1& nitrogen thdp vin du cung cp cho su phat trién cta S. salina M8 khi
phosphorus dugc gitr & mirc day du. Ti 18 C/N/P=100:10:0.5 c6 gia tri ODggonm ban dau
tai T1 thdp hon cac ti 16 khac do thiéu hut phosphorus 1am han ché ting trudng, sau d6
gia tri bat dau tang truong dang ké va dat ODegonm = 3,695+0,002 tai T8. Ti 1¢ C/N/P =
100:15:1 c6 gié tri cao nhat tai T1 (ODegonm = 1,1£0,15) nhung ting trudng cham hon
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s0 v6i ti 16 100:10:1 va 100:5:1 tir T2 trd di, gia tri ODssonm = 3,520,001 tai T8 va thp
nhét trong tat ca cac nghiém thirc cho thay viéc gia ting ham lwong nitrogen qua mirc
khong 1am ting hiéu qué sinh truéng ma con gdy mét can bang dinh dudng.

Két luan: Ty 1é C/N/P = 100:10:1 diéu kién t6i wu cho sinh truéng cia S. salina
M8 trong NTSH. Ham lugng phosphorus (P) c6 vai tro quan trong trong giai doan tang
truéng manh (T2-T8), thé hién rd qua su ting trudng thap cta ty 18 thiéu P (100:10:0.5).
Ham lugng nitrogen (100:15:1) 16n khong dem lai hi€u qua tdng trudng cao hon ma con
gdy mat can bang dinh dudng.

Bang 3.6. Nong dd cac chat 6 nhiém ciia NTSH sau khi xir Iy bing S.
salina M8 tai cac ty 1¢ C/N/P

o NH.* Téng N P-PO& Téong P COD
Ty 1€ C:N:P
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
T1(100:10:1) 4,82+0,11 | 542+0,14 | 0,85+0,10 1,14+ 0,56 81,15+ 0,16
T2 (100:5:1) 9,64+ 0,21 | 10,84+0,43 | 1,19£0,20 1,66+ 0,47 97,38+ 0,23
T3 (100:10:0.5) | 11,24+0,24 | 12,64+0,16 | 1,70+ 0,16 2,18+ 0,31 113,61+ 0,85
T4 (100:15:1) 8,03£0,31 | 9,03£0,62 | 1,06+0,08 1,56+ 0,12 90,89+ 0,16

Hiéu qua xtr ly cac chat 6 nhiém trong nudc thai bao gom: N-NH4*, T-N, T-P,
PO,%, COD nudc thai sau 8 ngay duoc thé hién trong hinh 3.9 duéi day.
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Hinh 3.9. Ham lwong N-NH;" trong nwdc thdi trudéce va sau khi xir ly
Nhén xét: Tu hinh 3.9 c6 thé thay hiéu suat xtr Iy N- NH4* trong nuéc thai cao
nhat & ti 1¢ T1(100:10:1) véi NH4* giam tir 32,12 + 0,42 mg/L xudng 4,82 + 0,11 mg/L,
tuong duong hiéu suat xtr 1y dat 84,99 + 0,54%. P6i v6i T2(100:5:1) ham luong nitrogen

dugc giam xudng con mot nira so vdi T1. Két qua cho thay hi¢u suat xur ly bi gidm 1o
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rét khi NHs* con 9,64 + 0,21 mg/L twong dwong hiéu suat 70,0%. Ti 18 T3(100:10:0.5)
c6 ham luvong phosphorus thip NH4" giam con 11,24 + 0,24 mg/L v&i hiéu sudt 65% cho
thdy su han ché rd rét trong khi xir 1i. Ti 16 T4(100:15:1) ham luong NH4" giam con
8,03+ 0,31mg/L v&i hiéu sudt 75%. Ty 1é ndy bd sung lugng nitrogen cao hon muc t6i
uu. Tuy khong gay gidi han dinh dudng, nhung su du thira nitrogen ciing khong giap

cai thién dang ké hi€u suat xu ly so voi T1.
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. D3u vao Paura e Hjéu suit

Hinh 3.10. Ham luwgng T- N trong nwdc thdi truwdc va sau khi xur Iy

Nhin xét: Hieu xuat xir Iy T-N: Tur hinh 3.10 c6 thé thay hiéu suat xir ly T-N
trong nudc thai cao nhat 1a ti 1¢ T1(100:10:1), T-N giam tir 36,12 + 0,52 mg/L xudng
5,42 + 0,14mg/L, twong duong hiéu suét xtr Iy dat 84,99 + 0,62%. Bdi véi T2(100:5:1)
ham lugng nitrogen dugc gidm xudng con mot nira so vi T1. Két qua cho thay hiéu
Suit xir Iy bi gidam 1o rét khi T-N con 10,84 + 0,43 mg/L tuong duong hi¢u suét 70,0%.
Ti 1¢ T3(100:10:0.5) c6 ham luong phosphorus thap T-N giam con 12,64 £ 0,16 mg/L
v6i hiéu suit 65% cho théy su han ché 1o rét trong khi xt li. Ti 1€ T4(100:15:1) ham
lrong T-N giam con 9,03 £ 0,62 mg/L véi hidu suat 75%. Ty 1¢ nay bd sung luong
nitrogen cao hon murc toi vu. Tuy khong gdy gidi han dinh dudng, nhung su du thira

nitrogen ciing khong gitip cai thién dang ké hiéu suat xir 1y so véi T1.
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Hinh 3.11. Ham lugng PO# trong nwdc thdi trwde va sau khi xir Iy

Nhgn xét: Hidu xuat xtr Iy PO4> : Tl hinh 3.11 c6 thé thay higu sudt xir Iy PO4>
trong nudc thai cao nhét 1a ti 1& T1(100:10:1) véi PO4> giam tir 5,2 + 0,2 mg/L xudng
0,85 + 0,10 mg/L, twong duong hiéu suat xir 1y dat 83,65 %. Di v6i T2 (100:5:1) ham
lwong nitrogen dugc giam xudng con mot nira so voi T1. Két qua cho thiy hiu suat xir
1y bi giam 16 rét khi POs> con 1,19 + 0,20 mg/L twong dwong hiéu suat 77,12%. Ti 1&
T3 (100:10:0.5) ¢6 ham lwong phosphorus thap PO4* giam con 1,70 £ 0,16 mg/L vo1
hiéu suat 67,31% cho thay su han ché rd rét trong khi xtr li. Ti 1¢ T4 (100:15:1) ham
lwong PO4* giam con 1,06 £ 0,08 mg/L véi hiéu suat 79,62%. Ty 1 nay bo sung lugng
nitrogen cao hon muc t6i wu. Tuy khong giy giéi han dinh dudng, nhung sy du thira

nitrogen ciing khong gitip cai thién dang ké hiéu suat xir 1y so v&i T1.
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Hinh 3.12. Ham lwong T-P trong nwdc thdi trudc va sau khi xw ly
Nhén xét: Hidu xuat xir Iy T- P: Nhan xét vé higu xuat xtt Iy T-P : Tir hinh 3.12
c6 thé thay hiéu suit xtr Iy T-P trong nudc thai cao nhat 14 ti 16 T1 (100:10:1) véi T-P
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giam tir 6,3 + 0,2 mg/L xubng 1,14 + 0,56 mg/L, twong duong hiéu suat xu 1y dat 81,9
+0,2 %. Pbi voi T2 (100:5:1) ham lrgng nitrogen dugc giam xudng con mot nira so véi
T1. Két qua cho thay hiéu suat xtr Iy bi giam rd rét khi TP con 1,66 + 0,47 mg/L tuong
duong hié¢u suét 73,65%. Ti 16 T3 (100:10:0.5) c6 ham lugng phosphorus thép TP gidm
con 2,18 = 0,31 mg/L vo1 hiu suét 65,4% cho théy su han ché 16 rét trong khi xu 1i. Ti
1€ T4 (100:15:1) ham lugng TP gidm con 1,56 £+ 0,12 mg/L véi hiéu suét 75,2%. Ty 1€
niy bd sung lugng nitrogen cao hon mire tdi wu. Tuy khong gy gidi han dinh dudng,

nhung sy du thira nitrogen ciing khong gitp cai thién dang ké hiéu suat xtr Iy so v&i T1.
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Hinh 3.13. Ham lwong COD trong nwdc thdi truwdc va sau khi xw ly

Nhdn xét: Hiéu xut xir Iy COD: Bén canh khé ning loai bo nitrogen va phopho,
kha ning loai bo chét hitu co (COD) trong nuée thai cua S. salina M8 ciing duoc xem xét
(Hinh 3.13). Hiéu suét loai bo COD ¢ cac nong d6 nudc thai (T1), (T2), (T3) va (T4)
cta S. salina M8 1an lugt 13 75%, 70%, 65.1%, va 72%. O T1 (100:10:1) cho thay kha
niang xtr Iy COD cuia S. salina M8 14 t6t nhat. Ham luong COD déau vao (T8) 1a 325,6 +
0,3 mg/l giam con 81,15 + 0,16 mg/l & ngay (T8). Pbi voi T2 (100:5:1) ham lwong
nitrogen dugc giam xudng con mot nira so voi T1. Két qua cho thdy hiéu suat xtr 1y bi
giam rd rét khi COD con 97,38 + 0,23 mg/L twong dwong hiéu suit 70%. Ti 1& T3
(100:10:0.5) c6 ham lwong phosphorus thdp COD giam con 113,61 + 0,85 mg/L véi hiéu
sudt 65% cho thiy su han ché 6 rét trong khi xir li. Ty 18 T4 (100:15:1) ham lwrong COD
giam con 90,89+ 0,16 mg/L v6i hiéu sudt 72%. Ty 1& nay bd sung luong nitrogen cao hon
mirc t6i wu. Tuy khong gdy gi6i han dinh dudng, nhung sy du thira nitrogen ciing khong
gitp cai thién dang ké hiéu suat xur 1y so véi T1.

Duéi diéu kién nudi ciy t6i uvu voi mat dé VKL ban dau 20% (v/v), pH =7, cudng
d6 anh sang 4.500 Lux, nhiét ¢ 27°C, suc khi (0,1 vvm) va khudy tir (150 vong/phut).
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Kha nang xur 1y cac chit 6 nhiém trong nudc thai sinh hoat cua S. salina M8 tai ty 1€
C/N/P =100:10:1 duoc thé hién trong cac Bang 3.7.
Bing 3.7. Bang tong hop hiéu suét xir Iy cac chat 6 nhiém trong NTSH
cua S. salina M8 tai ty I€¢ C/N/P = 100:10:1

C/N/P=100:10:1 N-NH4* T-N PO4* T-P COD

Truée xir Iy (mg/L) | 32,12 0,42 | 36,12£0,52 | 52+0,15 | 63+02 | 3256+0.3

Sau xtr 1y (mg/L) 4,82+ 0,11 5,42+ 0,14 0,85+ 0,10 | 1,14+0,56 | 81,15+£0,16

Hiéu suat (%) 84,99+ 0,54 | 84,99+0,62 | 83,65£0,21 | 81,9+0,2 75,08+ 1,20
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Hinh 3.14. Nong d¢ cdc chit é6 nhiém trong NTSH truwdc va sau khi xi
ly tai ty 1¢ C/N/P=100:10:1

Tu hinh 3.14 thé hién ndng do cac chit 6 nhiém trong nudc thai sinh hoat trudc
va sau khi xu ly bang Synechocystis salina M8 & ty 1& dinh dudng t6i wu C/N/P =
100:10:1. Sau 8 ngay nudi cay, két qua cho thay ndng do cac chat N-NH.*, T-N, PO+*",
T-P va COD déu giam manh, ching to kha ning xur 1y chat 6 nhiém hiéu qua cua VKL
MS. Trong d6, ham luong N-NH4" ¢6 hiéu suat xur 1y cao nhat dat 84,99 + 0,54% voi
ham lugng amoni dau vao 1a 32,12 £ 0,42mg/1 giam con 4,82+ 0,11 mg/l (dau ra). Dicu
d6 cho thay kha ning xtr Iy amoni ctia S. salina M8 1a rat t6t tai diéu kién t6i vu. Tuong
tir, tong Nitrogen (T-N) ciing dat 84,99+ 0,62% giam tir 36,12+ 0,52 mg/l xuéng con
5,42+ 0,14 mg/l, diéu d6 chirng t6 rang S. salina M8 khong chi hap thu nitrogen vo co
ma con c6 kha nang xir Iy t6t cac dang nitrogen hiru co, gép phan han ché nguy co phu
dudng ngudn nude. Twong ty co thé thdy kha ning loai bo PO4>" cling dat hiéu suit cao,
dat 83,65 + 0,21% giam tir 5,2 + 0,15 mg/l xudng con 0,85+ 0,10 mg/l. Ham luong T-P
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giam tir 6,3 = 0,2 mg/l xudng con 1,14 £ 0,56 mg/1 (dau ra) voi hicu sudt xur 1i 1a 81,9 +
0,2% sau 8 ngay thi nghiém.

Déi voi chi tiéu COD, sau xtr Iy ham luong giam tir 325,6 + 0,3 mg/L xudng con
81,15 = 0,16 mg/L, twong trng v&i hiéu suat xur 1y 75,08 £ 1,20%. Mic du thap hon so
voi cac chit dinh dudng, tuy nhién mirc giam nay van dang ké, thé hién kha ning cta vi
tao M8 trong viéc phan huy va hap thu cac chat hitu co trong nudc thai.

Két luan: Sau 8 ngay thi nghiém két qua thuc nghiém trong diéu kién ty 1¢
C/N/P=100:10:1, ty 1& S. salina M8 giébng 20% (v/v), pH=7, nhiét d6 27°C, suc khi (0,1
vvm) va khudy tir (150 vong/phuat), cudng do anh sang 4.500 Lux cho thiy kha ning xir
Iy cac chat 6 nhiém trong NTSH béng S. salina M8 déu dat hiéu suit cao (trén 80%).
Kha ning xtr Iy COD tuy thdp hon tuy nhién vin dam bao chét lrgng dau ra theo QCVN
14:2008/BTNMT, cot B gbp phan vao viée cai thién chat luong nudc khi xa vao ngudn
tiép nhan. Piéu d6 chirng to viéc cung cap day du va can d6i ham luwong cac chét dinh
dudng C, N, P theo ty 1¢ 100:10:1 da tao diéu kién cho S. salina M8 phat trién 6n dinh,
hap thy nhanh cic chat 6 nhiém trong nudc thai, ddng thoi ting cuong kha ning c6 dinh
carbon va tich lily sinh khdi.
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KET LUAN - KIEN NGHI

1. Két luan

Dé tai da nghién ctru hidu qua xir Iy nuwde thai sinh hoat tai khu nha ¢ tap thé Giao
vién trudong Pai hoc Cong nghé GTVT bang VKL S. salina M8 va t6i wu hoa mot sb yéu
t6 anh huong dén hiéu suat xir Iy nudc thai. Pay 1a mot huéng nghién ctru dua vao cong
nghé sinh hoc VKL va c6 tinh vu viét hon qua trinh xt 1y vi sinh vat thuyén thong do vi
khudn lam c6 thé tiéu thu hiéu qua dong thdi cac chat hiru co COD, chat dinh dudng (N
va P) trong nudc thai va san xuét ra sinh khoi thay vi bun thai va sinh khéi ctia ching
dugc thu hdi dé c6 thé tao ra cac san pham than thién v§i moi truong, co ung dung cao
va mang lai gia tri trong nhiéu linh vyc cong nghiép dé hudng téi nén kinh té xanh va
kinh t€ tudn hoan.

Duya vao két qua nghién ctru thuc nghi€ém ctia do an, co6 thé rat ra két luan vé hiéu

qué xir Iy nude thai sinh hoat bang S. salina M8 nhu sau:

- Sau 8 ngay nudi cay trong phong thi nghiém xac dinh duoc diéu kién t6i uvu cho
su sinh trudng cta S. salina M8 trong moi truong nudc thai sinh hoat, véi ti 16 gidng
20% (v/v), pH=7, nhiét 46 27°C, suc khi (0,1 vvm) va khuéy tur (150 vong/phtt), cudong
do anh sang 4500 Lux, ty 1€ dinh dudng C/N/P 1a 100:10:1.

- Hiéu qua xur 1y cac chét 6 nhiém trong NTSH ctia S. salina M8 cao, cy thé nhu sau:

+ Nong do N-NH.* dau vao 32,12 mg/l, dau ra 4,82 mg/1 twong duong voi hiéu
suat xtr 1y khoang 85%;

+ Nong d6 tong Nitrogen (T-N) ddu vao 36,12 mg/1, diura 5,42 mg/1 tvong duong
v6i hiéu suét xtr Iy khoang 85%;

+ Nong d6 PO4*> dau vao 5,2 mg/l , dau ra 0,85 mg/1 trong duwong voi hiéu suat
xtr ly khoang 83,65%;

+ Nong do tong phosphorus (T-P) ddu vao 6,3 mg/l, ddura 1,14 mg/l twong duong
v6i hiéu suét xir Iy khoang 81,9%;

+ Nong d6 COD dau vao 325,6 mg/l, ddu ra 81,15 mg/l twong duong véi hiéu
suat xtr Iy khoang 75,08 %.

Nong d6 cac chat 6 nhiém trong nudc thai sinh hoat sau khi duoc xtr 1y bang S.
salina M8 dam bao tiéu chuan theo QCVN 14:2008/BTNMT cot B (d4p tng dugc theo
QCVN 14:2025/BTNMT cot B — Quy chuan quéc gia vé nude thai sinh hoat, nudc thai
d6 thi, khu dan cu ké tir ngay 01/9/2025) trude khi xa vao ngudn tiép nhan.
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2. Kién nghi
Dua trén két qua nghién ctru, c6 thé dé xuat mot so kién nghi nhu sau:

Nghién ctru 13 tién dé dé (g dung vi khuan lam noi chung va vi khuin lam S.
salina M8 vao xay dung quy trinh xtr Iy nudc thai sinh hoat tai noi nghién ctru cling nhu
cac hé thong xtr Iy nude thai sinh hoat quy mé khac nhu ho gia dinh, khu dan cu hoic
cac truong hoc, co quan va giiip gidm chi phi van hanh.

Xay dung quy trinh kiém soat mét s6 yéu té anh huong nhu ty 18 giéng, pH va ty
16 chat dinh dudng C:N:P tbi vu dé dat duoc hiéu qua xir Iy cao trong diéu kién van hanh
lau dai v61 quy mo pilot va cong nghiép.

Khuyén nghi tiép tuc nghién ctru viéc thu hoi, tn dung sinh khéi S. salina M8,
cong nghé chiét tach va tinh ché hiéu qua sinh khdi sau xtr Iy nhu nhya sinh hoc PHA,
phan bon sinh hoc, nguyén liéu san xuét biofuel hodc chiét xuat cic hop chat sinh hoc
c6 gi4 tri nhu phycocyanin...huéng dén nén kinh té xanh va kinh té tuan hoan theo dinh

hudng phat trién bén virng.
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