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TOM TAT

Thire hanh vé qud trinh bin hoat tinh la ndi dung quan trong trong chirong trinh ddo tao
cua cac nganh moi truong. Tuy nhién, viéc s dung nudc thdi thdt cho cdc thi nghiém bun
hoat tinh ¢6 nhiéu han ché nhu: nguy co vé van dé vé vé sinh va sirc khoe, khé kiém sodt
thanh phan nuwée thai, rii ro cao. Nwéc thdi tong hop khdic phuc dwge cac nhiege diém cia
nude thai thit va cé thé thay thé nudce thai thit trong giang day vé qud trinh bin hoat tinh.
Bai bdo nay trinh bay mét so khuyén cdo vé thanh phan ciia mede thai tong hop ciing nhw viéc
bi’ng dung nuoc thai téng hop trong giang day thuc hanh qua trinh bun hoat tinh. Cac khuyén
cdo nay tdp trung vao viéc chon lira nguon carbon, ty I¢ giita carbon, nito va phospho; ham
luong can thiét ciia cdc nguyen 16 vi leong; ton trit mede thai tong hop va nhitng anh hwong
tiém ndng ciia nude thai tong hop déi véi qud trinh giang day.

Tir khéa: medc thai tong hop; qud trinh bin hoat tinh; giang day thiee hanh; thanh phan; ing dung.
ABSTRACT

Activated sludge process plays an important role in the curricula of enviromental majors.
The implementation of activated sludge experiments with real wastewater shows many
drawbacks: health hazards, poor control of wastewater composition, potential accidents.
Synthetic wastewater can be an effective alternative for real wastewater in the instruction of
activated sludge experiments. This paper presents some recommendations on composition
and application of synthetic wastewater for experimental teaching for activated sludge
process. The recommendations focus on the choice of carbon source; BODs:N:P ratio;
concentrations of trace elements; the storage of synthetic wastewater; potential effects of
synthetic wastewater on teaching process.

Keywords: synthetic wastewater; activated sludge process; experimental teaching;
composition; application.

1. GIOI THIEU duge xtr Iy mot cach hiéu qua bang BHT.
Bun hoat tinh sau d6 duoc tach khoi nudc
thai d3 qua xir 1y bang bién phap ling hay
loc. Qua trinh bun hoat tinh 1a qua trinh sinh
hoc quan trong nhit trong coéng nghé xir 1y
nuéc thai, duoc giang day trong nhiéu
chuyén nganh nhu Ky thuat moi truong,
Quan 1y moi truong, Khoa hoc moi truong,
Cong ngh¢ moi truong.

Qua trinh bun hoat tinh 1a mot qué trinh
xtr ly nudce thai si dung khéng khi va céac
bong bun vi sinh (bun hoat tinh). Bun hoat
tinh dugc cip oxi va tron véi nude thai nho
thiét bi cap khi. Cac vi sinh vat trong bun
hoat tinh (BHT) st dung Cac chat hitu co
trong nudc thai nhu ngudn cung cdp dinh
dudng, cac chit nay bi phan huy hay dong
hoa thanh sinh khéi cta vi sinh. Cac thanh Thuc hanh qua trinh BHT 1a ndi dung
phin v6 co nhu NH4*, PO, ciing ¢6 thé khong thé thidu trong dao tao cac ky su thiét
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ké, k¥ su van hanh hé théng xir Iy nudc thai.
Muc tiéu cua bai thuc hanh la:

- Phat trién k¥ nang phan tich, k¥ ning
lam vi¢c nhom cua sinh vién. Sinh vién phai
van dung kién thirc da hoc dé giai thich két
qua thi nghiém va phdi hop véi cac thanh
vién trong nhom ctia minh dé hoan thanh thi
nghiém. Moi budi van hanh c6 it nhit 2
nhom, mdi nhém xur Iy mdt loai nudce thai co
thanh phan khéac nhau.

- Budc dau tao co hoi cho sinh vién dugc
tiép can va van hanh hé théng BHT. Théy
dugc sy anh hudng cia loai nudc thai va didu
kién van hanh dén hiéu qua loai bo chat 6
nhiém cioa BHT. Nguoi hoc s& thay do6i cac
thong s6 van hanh cua mé hinh BHT, theo
ddi dép Gmg ctia BHT véi sy thay doi, tir 6
xac dinh 2 thong s6: hé sb phan huy ndi bao
va hé sé ning sut s dung chat nén cuc dai
cia vi sinh trong BHT. Pay 1a 2 thong sb
dugc tng dung dé thiét ké cac bé bun BHT.

Vit liéu can thiét cho bai thyc hanh nay
la nudce thai. Tuy nhién viéc st dung nudc
thai that tr sinh hoat hay tir cac co s san
xuét ¢6 nhiéu han ché:

(a) Vi sinh vat gay bénh c6 thé hién dién
trong nudc thai that. Mui hdi phét sinh trong
qua trinh ton trit nudc thai. Bun thai tir thi
nghiém co6 kha nang chira ham lugng cao cac
chat nguy hai c6 nguén gdc tir nudc thai.

(b) Khé kiém soat duoc chit lugng nude
thai nhu d6 dam dac hitu co, ty 1€ cac thanh
phan. Bén canh d6, hoat dong san xuit co thé
ding cac chat tdy rita, cac chét diét khuan,
dung moi, phu gia gdy doc cho vi sinh. Khi
thanh phan nude thai thay doi dot ngdt, cac bd
tri ton nhiéu thoi gian phai tién hanh tir dau,
anh huong dén tién do va hiéu qua giang day.

(c) Rui ro cao. Nguy co xay ra tai nan
trong khau thu va van chuyén nudc thai vé
phong thi nghiém. Bit ky lac nao, doanh
nghiép ciing c6 thé tir chdi viéc xin nudc
thai, da duoc thoa thuan tir trude. Co thé gap
van dé vé phap 1y khi van chuyén mot luong
16n nudc thai. Trong khi d6 viée bd tri thi
nghiém va to chuc giang day tai noi co
ngudn nudc thai 1a khong kha thi.

Nuéc thai tong hop  (synthetic
wastewater) 1a dung dich dugc diéu ché trong
phong thi nghiém c6 thanh phan mé phong
mét loai nude thai cu thé. Viée st dung nudc
thai tong hop (NTTH) thay thé cho nudc thai
that sé khéc phuc dugc nhiing han ché cua
nudc thai that. Bai bdo nay trinh bay nhiing
lwu ¥ dbi voi thanh phan cua nude thai tong
hop va viéc st dung NTTH trong giang day
thuc hanh xur 1y nuée thai bang qué trinh BHT.

2. THANH PHAN CUA NUOC THAI
TONG HQP

Khi diéu ché NTTH cho thi nghiém
BHT, can luu y rang trong hé thong xir 1y
nudce thai ¢6 bé BHT thi trude bé BHT da c6
cac cong trinh xtt 1y nudc thai khac. Do do
thanh phan cta nudc thai vao bé BHT co su
khac biét dang ké so véi nudc thai tho, dic
biét vé ham luong céc chét lo ltng, dau md,
ham lugng BODs, COD. Trong trudng hop
trudc bé BHT c6 cong trinh sinh hoc khac thi
ty 16 BODs/COD ciia nudc thai vao bé BHT
thudng sé& thip hon nudc thai tho [1] [2].

Thanh phan ciia NTTH bao gdbm ngudn
dinh dudng carbon, cic nguyén tb da lugng va
vi lugng. Tiéu chi dé chon co chat cho NTTH
la 6 an toan, tinh than thién véi moi truong,
murc d6 dé tim, gia thanh, vai tro trong thuc té
va yéu cau dic trung cia thi nghiém.

Vi khuin sir dung ngudn dinh dudng
carbon cho hoat dong trao ddi chat va téng
hop té bao. Thanh phan chiém ty 1é cao nhat
trong NTTH 1a ngudn carbon. Ngudn carbon
ma cac tram xur Iy nudc thai thuong sir dung
la: methanol, ethanol, mudi acetate, acid
acetic, glucose va dich ri duong. Trong do
methanol va ethanol la cac chat bay hoi dé
bat lira.

Mudi acetate, acid acetic va glucose 1a
cac chat thuong thdy trong cac phong thi
nghiém sinh, hoéa ¢ trudng dai hoc. Mubi
acetate va acid acetic 1a thanh phan cin c6
trong cac thi nghiém dung BHT dé loai bo
phospho trong nudc thai. Acetate thuong
chiém 50% t6i 70% tong acid bay hoi (VFA)
cia nudc thai, dé qua trinh xtr 1y phospho
bang vi sinh dién ra hiéu qua thi ty 16 VFA/P
phai 16n hon 7.
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Dich ri dudng 1 chat thai cua qua trinh
san xudt duong nén cd gia thanh ré. Tuy
nhién, thanh phan cua dich ri duong lai thay
d6i theo mua, loai thuc vat, cong nghé san
xuét va khau ton trit. Bén canh d6 1a su hién
dién cua cac hop chit c6 vong thom trong
thanh phan dich ri duong, day la cac hop chat
kho xir Iy bang BHT. C6 thé tmg dung dich ri
duong cho phan thyc hanh xir 1y héa hoc, sau
dé dung nudce thai qua xtr 1y héa hoc cho bai
qua trinh BHT.

Su khong can bang giita dinh dudng
carbon va ham luwong nito, phospho trong
NTTH co6 thé dan dén su cb trong qua trinh
nudi cdy BHT chuan bi cho thi nghiém. Cac
su ¢d thuong gip 1 ndi vang bot va bun kho
lang. Chi tiéu BODs cho biét mirc d¢ dam dic
cac chat hitu co trong nudc thai. Mot gam
glucose tuong duong vai 0,80 gam BODs [3].
Ty 1& nay vé6i acid acetic va mudi sodium
acetate 1an luot 13 0,62 va 0,33 [3]. Con theo
James Dumanowski va Arvid Strom 1 ml dich
ri duong tuong duong voi 1,16g BODs [4].
Nhiéu tai liéu khuyén cao dé dam bao sy can
bang giita dinh dudng carbon va ham luong
nito, phospho thi ty 16 BODs:N:P cho qué
trinh BHT can dat 100:5:1.

Bén canh ngudén dinh dudng carbon,
NTTH phai chita mot ham luwong nhat dinh
nguyén t6 da lugng va vi luong can thiét.
Ham luong phospho va ham lugng tdi thiéu
cua K va Mg trong dung dich phai dam bao
dat ty 1€ 1:1:3 (Mg:K:P) [5]. Boi vi Mg va K
1a cac nguyén té thiét yéu cho sy hinh thanh
poly-P cuia vi sinh vét.

Bing 1. Nhu cau dinh dwong vi lwong ciia

BHT [6]
Nguyén to Nhu ciu
(mg/mg BOD)
Mn 10 x 10°
Cu 15 x 10°
Zn 16 x 10°
Mo 43 x 10°
Se 14 x 107
Mg 30 x 10
Co 13 x 107

Nguyén to Nhu ciu
(mg/mg BOD)

Ca 62 x 10™

Na 5x 10

K 45 x 10

Fe 12 x 10°®

Hi¢u qua xu ly nudc thai cia qué trinh
BHT ¢ thudc nhiéu vao sy 6n dinh cia bong
BHT. Bé mit té bao vi khuan duoc tich dién
am, su hién dién cua cation hoa tri hai duogc
cho 1a gitip tao cau ndi gan két cac té bao vi
khudn cuia BHT. Néu luc ion (ionic strength)
cua moi truong dudi 0,05 thi sy gia tdng cla
luc ion gitp gia ting d6 6n dinh cua BHT,
tao cho bong BHT kha ning ling tét. CO
nghién ctru cho thay ham lugng tdi thiéu Ca
va Mg dé tao nén bong bun sinh hoc c6 kha
ning lang t6t 1a 14 — 40 mg/L cho Ca va 8 —
24 mg/L cho Mg [7]. Tuy nhién ham lugng
can thiét thuc té cta Ca va Mg con tily thudc
vao lyc ion cta nude thai dugce xur ly. Ngoai
ra ty 1¢ gilra cation hoa tri hai va cation hoa
tri mot ciing 13 yéu té quan trong boi vi khi ty
1¢ nay nho hon 0,5 kha ning ling cia bong
bun suy giam [7].

Trong thi nghiém so sanh hiéu qua xur 1y
NTTH va nudc thai ché bién ca ctia md hinh
BHT hoat dong theo mé, D.P. Mes quita va
cong su dd sit dung NTTH c6 thanh phéan
gdbm NH4Cl (76,1 mg/L), CeH120s (300
mg/L), MgS0,.7H,0 (16,7 mg/L), NaHCO3
(243,3 mg/L); Na,CO; (162,2 mg/L),
Na,HPO4.12H,0 (46,2 mg/L), CaCl,.7H,0
(4,7 mg/L) va KCI (4,7 mg/L) [8]. Két qua
cua nghién cuu cho thdy NTTH chi gom
glucose 14 ngudn carbon khong thich hop dé
mo phong nude thai ché bién ca.

Kangala B. Chipasa va Krystyna
Mdrzycka khao sat qua trinh phan huy lipid
trong nudc thai bdi BHT [9]. Nghién ctu st
dung NTTH c6 thanh phan gom: dau hat cai
tinh luyén (1 g/L), Tween 80 (1 g/L),
MgS0O,.7H,O (0,08 g/L), NaNOsz (1 g/L),
K>HPO, (1,5 g/L), KH,PO, (2 g/L),
NaHPO,.7H,0 (0,4 g/L), NH,CI (0,5 g¢/L),
(NH4).SO, (0,5 ¢/L), FeS0O,.7H,O (0,05
g/L); Na;Mo00,4.2H,O0 (0,025  g/L),
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CaCl,.2H,0 (0,035 g/L), CaS0,4.7H,0 (0,02
g/L), ZnS0O4.5H,0 (0,015 g/L), Fey(SO4)3
(0,025 g/L) va CuS0O4.5H,0 (0,025 g/L). Sau
7 ngay van hanh ham luong lipid trong nudc
thai giam tir 2000 mg/L con 300 mg/L, ham
lvong lipid giam manh trong 24h dau, tir
2000 mg/L xudng khoang 600 mg/L sau 1
ngay. Tuy nhién céac tac gia da khong dé cap
dén kha ning ling hay tinh trang cua bong
BHT sau qua trinh xtr ly nudc thai chira ham
luong cao lipid.

Pé mod phong nudce thai sinh hoat tai li¢u
cia OECD d& xuat NTTH c6 thanh phan
duoc diéu ché nhu sau, hoa tan trong mdi lit
nudc may: peptone (160 mg), meat extract
(110 mg), urea (30 mg), K;HPO, (28 mg),
NaCl (7 mg), CaCl,.2H,O (4 mg),
Mg,S04.7H,0 (2 mg). NTTH nay c6 ham
luong chat hitu co hoa tan (DOC) khoang
100 mg/L [10].

Mot sb thi nghiém phdi tron 10% thé tich
nudc thai that va 90% nudc thai tong hop.
Viéc phdi tron nay nham giam sy khac biét
gitta nude thai that va NTTH. Tuy nhién, co
nghién ctru cho thay str dung phdi hop nuéc
thai sinh hoat va NTTH da lam gidm hi¢u qua
loai bo cac hop chét hitu co hoa tan so voi sir
dung riéng nudc thai sinh hoat [11][12].

3. NHUNG LUU Y TRONG GIANG DAY

Néu phai tién hanh nhiéu thi nghiém hay
thi nghiém kéo dai, NTTH c¢6 thé duoc diéu
ché & dang c6 dic, thanh tring (trong 1h &
110°C) va str dung nhu dung dich stock. Tuy
nhién trong qué trinh ton trit, dung dich phai
bi loai bé néu xuat hién két tua hay c6 déu
hiéu nhiém vi sinh nhu dung dich chuyén sang
duc hay xuat hién bot khi. Khi duoc diéu ché
bang nudc cat, NTTH theo cong thirc ciia
OECD c6 thé trit & 1°C trong mét tuan.

Két qua thi nghiém v6i NTTH c6 thé tét
hon nudc thai that ma né6 moé phéong do nudce
thai that c6 thanh phan phuc tap va chua

nhiéu chét hiru co kho phan hay. Cing c6
truong hop ghi nhan BHT dugc nudi ciy
bang nudc thai that cho hiéu qua xir 1y tot
hon, c6 thé do nudc thai that c6 thanh phan
vi sinh phong phu, hé vi sinh nay c6 tac dong
hd tro 1an nhau trong qué trinh phan hiy cac
hop chéat hiru co. Bén canh d6 trong nudc
thai that dwa vao xir Iy ¢ thé chura cac chung
Vi sinh thich nghi véi viéc phan hiy cac hop
chat hitu co ma vi sinh trong BHT (duogc
nudi bang NTTH) phéan hity khong hiéu qua.
Khoang gia tri cta cac thong sd van hanh
BHT, di tdi wu cho viéc xtr Iy nudc thai tong
hop, c6 thé khac dang ké so véi khi xir 1y
nude thai that. Trong truong hop két qua thi
nghiém voi NTTH t6t hon két qua tuong tng
ting dugce cong bd véi nude thai that, giang
vién can luu y sinh vién phai than trong khi
ap dung két qua thi nghiém cho cong viéc
thuc té.

Nudc thai tong hop hau hét c6 dic tinh
khac biét so voi nudc thai cua hé théng ma
mau bun hoat tinh dugc thu thap (nudc thai
ban dau). Do d6 bun hoat tinh cin c6 thoi
gian thich nghi voi NTTH. Thoi gian thich
nghi tuy thude vao ché do van hanh nhu thoi
gian luu bun, ty s6 thic an trén vi sinh (F/M)
va muc do khac biét gitta NTTH dang xtr ly
v6i nude thai ban dau. Thoi gian nay co thé
kéo dai tir 1 dén 8 lan thoi gian luu bun.
Giang vién phu trach cin danh khoang thoi
gian phu hop dé chuin bi nguon BHT da
thich nghi.

4. KET LUAN

Thanh cong cua vi¢c giang day thuc
hanh qué trinh BHT 1€ thudc vao viéc chon
Iira ngudn carbon thich hop, dam bao yéu cu
vé ty 16 BODs:N:P ciing nhu ham luong can
thiét cua cac nguyén t6 vi lugng trong
NTTH. Bén canh d6 giang vién phu trach can
lwu y anh huong cia NTTH dén khau chuan
bi BHT cho thi nghiém va kh&u thao luén,
gii thich két qua thi nghiém.
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