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CHUONG 5
NHU CAU OXY SINH HOA

5.1 GIO1 THIEU CHUNG

Nhu cau oxy sinh héa (BOD) la lwgng oxy can thiét dé vi sinh vat oxy hoa cac chét hiru
co' ¢o kha nang phan huy sinh hoc trong diéu kién hi€u khi. Khai niém “c6 kha nang
phan hdy” cé nghia la chat hiru co cé thé dung lam thirc an cho vi sinh vat.

BOD la mét trong nhivng chi tiéu dwoc ding d& danh gia mac do gay 0 nhlem cua cac
chét thai sinh hoat, nwéc thai cong nghiép va kha nang tw lam sach cia ngudn nuéec.

Chi tiéu BOD duwoc xac dinh bang cach do dac lwong oxy ma vi sinh vat tiéu thu trong
qua trinh phan hiy cac chat hiru co. Cac mau phai dwoc bdo quan tranh tiép xuc voi
khéng khi d& ngan can oxy thédng khi hoa tan vao nwéc khi ham lwong oxy hoa tan
trong mau gidm. Do ham lwgng oxy hoa tan b&o hoa trong nwédc dat khoang 9 mg/L &
20°C, nhirng loai nwée thai cé ham lwong chat hivu co cao phai dwoc pha lodng thich
hop dé& bao dam lwong oxy hoa tan phai ton tai trong subt qua trinh thi nghiém. Phan
tich BOD ap dung qua trinh sinh hoc nén phai khéng ché diéu kién méi trwéng thich
hop cho sy sinh trwdng cla cac vi sinh vat. Cac chat doc hai dbi voi vi sinh vat phai
duwoc loai khoi dung dich. TAt ca cac thanh phan dinh duwéng can thiét cho sw phat trién
cta vi sinh vat nhw N, P va nhirng nguyén té vi lwong phai dwoc bd sung. Qua trinh oxy
hoa hoan toan cac chat hivu co dwéi tdc dung cla vi sinh vat sé tao thanh CO, va H,O0.
Do do, vi sinh vat dwoc bd sung trong phan tich BOD duoc goi |a “seed”.

Phwong trinh phdn (ng téng quat cé thé biéu dién nhuw sau:
CoHaOuNe + (N + a/4 - b/2 - 3/4¢)0, — NCO, + (a/2 — 3/2)H,0 + NHy (5 - 1)

Van téc phan &ng phan hay chét hiru co trong thi nghiém BOD phu thudc vao nhiét dé
va ndng dd chét hiru co cé trong mau phan tich. Bé loai trir &nh hwdng ctia nhiét do, thi
nghiém duoc tién hanh & 20°C. Theo ly thuyét, phdn tng c6 thé xem la hoan toan trong
vong 20 ngay, day la khodng thoi gian kha dai. Kinh nghiém cho thay, ty &
BODs/BODténg cdng twong dbi cao nén thdi gian G 5 ngay 1a hop ly. Ty 1& nay cao hay
thdp tuy thudc vao déc tinh cla “seed” va ban chét clia chat hiru co. Nuwdc thai sinh
hoat va nhiéu loai nwéc thai cdng nghiép cé BODs = 70 — 80% BOD tdng. Théi gian G 5
ngay con co tac dung loai trtr anh hwdng cla qua trinh oxy héa ammonia do
Nitrosomonas va Nitrobacter gay ra.

5.2 BAN CHAT CUA PHAN NG BOD
Nhing nghién cru ddng hoc cho thay rang phan rng BOD 1a phan &ng bac 1 cé nghia

la van t6c phan (g ty 1& thuan véi lvgng chét hiku co' co kha nang phan hay sinh hoc.
Téc d6 phan &ng dwoc biéu dién nhw sau:

ThS: Huynh Ngoc Phuong Mai 5-1

© Copyright 2006 gree-vn.com, All rights reserved. Xin ghi ré nguén khi ban phét hanh lai théng tin tir trang nay.



(" = CONG TY MOI TRUONG Tel: (08)5150181
——— %=/ = TAM NHIN XANH GREE Fax: (08)8114594

. — www.gree-vn.com
GREEN EYE ENVIRONMENT

- di =k 'C
dt
(5-2)
_dc
dt
Trong do, C dac trwng cho ndng dd cla chat hiru co co kha nang oxy hoa, t 1a thoi gian
va k’ la hang s0 toc d6 phan (rng. Nhw vay, van téc phan rng giam khi nong dé chat
hiru co C giam.

Trong phan tich BOD, L thwéng dwoc dung thay cho C:

dC .
-—=klL 5-3
dt (5-3)
-dL/dt biéu di&n téc d6 phan hay chét hiru co. LAy tich phan hai vé Phwong trinh (5 —
3) ta co:
—%zek't =107 (5-4)
Trong d¢, k = k'/2,303, cong thirc nay biéu dién lwgng chét hiru co con lai sau khoadng
thoi gian t bat ky.

Néu goi y 1a BOD tai thoi diém t va L la lwong BOD tdng hodc BOD cwc dai:
y=L(1-10™
Gia tri k phai dwoc xac dinh bang thwc nghiém.

Vi phan &rng phan hdy chéat hiru co BOD 1a phan trng bac 1, d6 thj biéu di&én lwong chét
hiru co con lai theo thoi gian c6 dang parabol twong ty duwdng cong phan ra cia mot
nguyén t6 phéng xa. Do d6, dé thi mé t& lwong chat hiru co bj oxy hda theo thoi gian sé
la dworng parabol dbi xirng (Hinh 5.1).

Vi lwong oxy dwoc dung ty 1& thuan véi lwong chat hivu co bi oxy hoa, db thi biéu dién
lwong oxy s dung theo thdi gian ciing cé dang parabol nhw dwong mé té lwong chat
hru co bi oxy héa & Hinh 5.1. Hinh 5.2 biéu dién duwéng cong BOD hay oxy tiéu thu
theo thdi gian.
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3 “—Chi hitu ¢d oxy héa
=
=}
<
‘<§ o . .
6 Chat hitu co con lai
-dC/dt=k C
_—
Thoi gian (ngay)
Hinh 5.1 Chét hiru co bj oxy hoa
Pudng cong d6i vdi b
Nhu nhu cdu lién két (b)

cﬁu (carbonate ceous + su nitrat h(’)a)

oxy e,
: N - Gid tri L
sinh (a) Pudng cong doi véi
hé nhu cdu ¢6 carbon & 20°C
oa y=L (1-10™)
(BOD)

[l [l [l
I I I
02 4 6 8 1012 14 16 18 20 22 24 26 28 30

Thoi gian (ngay)
Hinh 5.2 Bwong cong BOD

(a) Puwong cong chuan déi voi qua trinh oxy hoéa chat hivu co.
(b) Anh hwéng cla s nitrat hoa.

Trong moét sb trwdng hop can dung “seed” trong phan tich BOD. “Seed” c6 thé chira vi
khuén nitrat hda c6 kha ndng oxy hoa chat khéng chira carbon ch o nang lwong. Vi
khuén nitrat héa thwéng ton tai véi lwong twong ddi nhé trong nwéc thai sinh hoat chwa
xt ly va didéu may mén Ia téc dd tai sinh cla ching & 20°C cla ching khéng qué Ion dé
dung mét lwong dang ké oxy trong vong 8 — 10 ngay dau trong thi nghiém BOD. Khi
céac sinh vat nay phat trién, ching oxy héa nito & dang ammonia thanh cac acid HNO,
va acid HNO3 gay sai s6 dang ké cho thi nghiém BOD.

nitrosomonat
2NH3 + 302 ZNOZ_ + 2H+ + ZHQO (5 - 5)
nitrobacter
2NO; + 30, 2NO; +2H" (5-6)
ThS: Huynh Ngoc Phuong Mai 5-3
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Khéng thé ding chi tiéu BOD dé xac dinh lwgng nito' co trong mau vi nito dwoc thém
vao nwéc pha loang dé cung cap chat dinh dwdng can thiét cho vi sinh vat nén sé dan
den sai sO cho két qua thi nghiém.

Dé loai trir &nh hwéng do qua trinh nitrat héa gay ra, thdi gian U trong thi nghiém BOD
dwgc qui dinh la 5 ngay.

DPéi v&i nuwdc thai cd chira nhiéu nitrat nhw nwéc thai sau xi ly sinh hoc, anh hwéng
cla vi khuan nitrat héa dwgc ngan chan bang nhivrng tac nhan (e ché nhw methylene
blue ho&c allylthourea (ATU). M&rc dd nitrat hoa cling c6 thé dwoc lam gidm dang ké
nhd qua trinh khir trung bang clo.

Mau nuwéce sobng va ctra sOng thwong chira lwgng dang ké vi sinh vat nitrat héa. Hon
nira, sy phat trién cua tao cling gay ra sai s6 cho gia tri BOD.

5.3 PHWONG PHAP XAC BINH BOD

Chi tieu BOD duwoc xac dinh bang cach phan tich ham lwong oxy hoa tan. Thuwdng mau
phan tich c6 ham Iwgng chét hiru co cao nén can phai pha loang. Tuy nhién, khi ham
lwong chéat hiru co trong mau thap, cé thé tién hanh phan tich truc tiép, khéng phai pha
lodng mau.

Phwong phap trwc tiép

V&i mau c6 BOD5 khéng vuwot qua 7 mg/L, khdng pha loéng, chi can suc kh[dé dat oxy
bao hoda thich hop luc bat dau thi nghiém. Trwdng hop nay thwong thay doi voi nwéce
sbng.

Hai hoac nhiéu chai BOD dwng day mau. Mét chai dwoc dung dé phan tich ngay ham
lwong oxy hoa tan (DOg) va nhitng chai con dwoc U 5 ngay & 20°C. Sau 5 ngay, xac
dinh ham Iwgng oxy hoa tan con lai (DOs). BODs = DOy — DO:s.

Phuong phap tryc tiép xac dinh BOD khong bién dbi mau, do d6 cho két qua & diéu
kién gan nhw twong tw véi méi tred'ng tw nhién.

Phwong phap pha loang

Phuong phap pha loang dé xac dinh BOD dua trén co s& toc dé phan hly sinh hoa
chat hiru co ty 1é thuan véi lwvgng chat hiru co chwa bi oxy hda ton tai & moét thoi diem
nao do.

Trong thi nghiém phan tich chi tiéu BOD can (1) tranh cac chat doc hai doi vai vi sinh
vat, (2) pH va didu kién tham thau phai thich hop, (3) chét dinh duéng, (4) nhiét do tiéu
chuan va (5) seed.

Nhiéu nwéc thai cong nghiép co BOD5 rat cao nén phai pha loang nhiéu lan do kha
nang hoa tan gi¢i han oxy trong nwéc. Nuwdce thai sinh hoat chira nhieu chat dinh dwéng
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nhw N va P, trong khi do nhiéu chat thai cong nghiép thiéu mét hodc doi khi ca hai
nguyén to6 nay. Do do, viéc s&r dung nwéc pha lodng la can thiét.

Nwéc pha loang

Nhiéu loai nwéc dwoc thir dung lam nwéc pha loang trong thi nghiém BOD. Nudc thién
nhién cé thé chira tdo va vi khuan nitrat hoéa, ham lwgng khoang thay dbi,... nén khong
thich hop. Nwéc may ciing chiu hdu hét nhitng han ché cla cac dang nwéc bé mat
thém vao dé la tinh khtr ctia phan clo con lai. Kinh nghiém cho thdy dung nwéc pha
lo&ng tdng hop diéu ché tir nwéc cat hodc nwdc da khir khoang 1a tét nhat.

pH cua nuéc pha loang co thé thay doi tir 6,5 dén 8,5 khong gy anh huéng dén hoat
dong cua vi khuan saprophytic. Thwong dém dung dich bang hon hop phosphate ¢ pH
7,0. Dung dich dém dung dé duy tri pH thich hop.

Diéu kién thAm thau thich hop dwoc duy tri bang KsPO4 va NasPO4. Cac mubi K, Na,
Ca va Mg thém vao dé tao kha nang dém va tham thau thich hop ciing gép phan cung
cap can thiét cho sy sinh trwdng va trao dbi chat cua vi sinh vat. FeCls, MgSO, va
NH4Cl cung cép Fe, S va N. Dung dich dém phosphate nham cung cap P. Trong trudng
hop nhu cau oxy cé chira nito' phai dwoc do, can phai loai nito.

Nwé&c pha lodng chira tt c& nhirng chat chl yéu dé xac dinh BOD triv vi sinh vat can
thiét. Nhiéu chat da dwoc dung lam “seed”. Kinh nghiém cho thdy rang nwéc thai sinh
hoat, dac biét Ia nwdc tir hé théng céng chung 1a thich hop, thwéng dung 2 mL nuéc
thai cho mét lit nwéc pha lodng. M6t sé loai nwéc séng cling thdéa yéu cau, nhwng phai
can than tranh dung nwéc cé chira nito phai dwoc do, can phai loai nito'.

Trong trwong hop phai cung cép seed, nwéc pha loang can phai dugc hoa tron voi
seed va cac chat dinh duwdng trwwde khi thi nghiém dé bao dam tinh dong nhat ciia nwéc
pha lodng st dung.

Cudi cung, nwdc pha loang phai dwoc suc khi dén khi dat bdo hoa oxy trwdc khi st
dung.

Sw pha loang nwéc thai

Ngwdi phan tich tw quyét dinh mirc d6 pha lodng mau, thédng thwdng nén pha loéng & 3
ty 18 khac nhau. Khi ndng dd ctia mau trong khoang dworc biét, chi can pha loang & 2 ty
l& khac nhau 1a da. Bbi véi mau khodng biét trwérc ndng dd, trong nhiéu trwdng hop can
phéi pha loang & 4 ty 1& khac nhau. Mau phan tich phai dam bao c6 it nhat 0,5 mg/L oxy
hoa tan & thdi diém cudi cha giai doan 4. Bang 5.1 biéu dién ty I& pha loang can thiét
tinh theo % hoac lay truc tiép vao chai BOD (dung tich 300 mL) bang pipet.
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Bang 5.1 Ty & pha lodng mau dwa trén ndng d6 BOD dw doan

% hén hop Dung pipet 1dy mau vao chai BOD 300
mL

% hén hgp  Khoang BOD mL Khoang BOD
0,01 20.000 - 70.000 0,02 30.000 - 105.000
0,02 10.000 — 35.000 0,05 12.000 — 42.000
0,05 4.000 - 14.000 0,10 6.000 — 21.000
0,1 2.000 - 7.000 0,20 3.000 - 10.500
0,2 1.000 — 3.500 0,50 1.200 — 4.200
0,5 400 - 1.400 1,0 600 - 2.100
1,0 200 —-700 2,0 300-420
2,0 100 — 350 5,0 60 — 210
5,0 40 - 140 10,0 30-105
10,0 20-70 20,0 12 -42
20,0 10 -35 50,0 6 — 21
50,0 4-14 100 0-7
100 0-4 300

Trong qué trinh G phai niém miéng chai BOD bang mét mang khi dé ngan khéng khi
hoa tan vao chai. Chai BOD phai dwoc rira sach dung dich acid chromic hodc nwéc tay
rira. Néu dung nwéc tay rira, chai phai dwoc rira lai bang nwéc néng dé diét vi khuan
nitrat hoa. Sau dé riva lai that kj bang nwéc may va trang lan cudi bang nwdc cat hodc
nuwdc da khir khoang.

Oxy hoéa tan ban dau

Vi nhivtng mau c6 BOD < 200 mg/L, lwong mau > 1,0%, két qua phan tich sé sai sb
dang ké néu oxy hoa tan ctia mau khac véi oxy hoa tan cla nwéc pha lodng va khong
thé hiéu chinh dwoc. Néu ty 1& pha loang < 20%, mau dwoc dn dinh nhiét dd & 20°C,
suc khi dén b&o hoa, khi d6 xem nhw mau cé cung néng dé oxy hoa tan véi nwdc pha
lodng. Do d8, khéng can phai xac dinh néng do oxy hoa tan clia mau. Néu ty 1& pha
lodng > 20%, can phai xac dinh néng dd oxy hoa tan ctia mau.

Trong phén tich BOD, d6 giam ndng do oxy hoa tan sau 5 ngay U phai hon 2 mg/L va
nong dé oxy hoa tan con lai phai I&én hon 0,5 mg/L, sai sO thi nghiém khoang + 5%.

5.4 VAN TOC CUA QUA TRINH OXY HOA SINH HOA

Hang sb tbc dd cta phan ng phan hdy chéat hirvu co BOD dwoc xem la k =0,10/ngay &
20°C. Gia tri nay c6 dwgc tw nhiéu nghién ctru vé nuwéc séng bi 6 nhiém va nwaoc thai
sinh hoat & My va Anh. Két qua thi nghiém déi v&i nwédc thai cong nghiép s dung
nwédc pha loang tbng hop cho thdy k > 0,10/ngay va gia tri k ctia cac loai nwéc thai
khac nhau. Gia tri k ciia nwéc thai sinh hoat thay dbi dang k& méi ngay va gia tri trung
binh 1a 0,17/ngay, khac véi gia tri 0,10/ngay nhw da xac dinh trwdc day. Cac gia tri k
cla nwéc thai da qua x& ly sinh hoc sé thap hon nwéc thai chwa xt ly. Yéu td khac anh
hwéng dén két qua do dac BOD Ia nhiét d6. Bién thién BOD theo th&i gian dwoc biéu
dién & Bang 5.2.
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Bang 5.2 Y nghia quan trong cta hang sé6 téc dé phan trng k déi véi BOD

Thoi gian % BOD tdng st dung
(ngay) k = 0,05 k=0,10 k=0,15 k=0,20 k=0,25
1 10,9 20,6 29,2 36,9 43,8
2 20,6 37 50 60 68
3 29 50 64 75 82
4 37 60 75 84 90
5 44 68 82 90 94
6 50 75 87 94 97
7 55 80 91 96 98
10 68 90 97 99 99
20 90 99 99 99 99

Bang 5.2 cho thay phan (rng BOD thay ddi rat Ion tiy thudc vao téc do phan tng. Cac
gia tri BODs bang khoang 68% BOD tong k = 0,1/ngay va bang 94% khi k

0,25%/ngay.

Y nghia quan trong cua k trong viéc xac dinh huwéng phat trién phan rng BOD duoc
minh hoa & Hinh 5.3. B4i v&i mot chat thai cé gia tri L cho trwdec, gia tri BODs sé thay

ddi dang ké trong vong 15 ngay. Trudc day, thwong biéu dién BODs ngay theo L bang

cach cho k = 0,10/ngay. Hinh 5.4 cho thay gia tri L ctia mét mau véi BODs = 200 thay

dbi theo gia tri k.

300

250

\®]
)
()

BOD (mg/L)
>
(@]

—
]
)

50

Hinh5.3 Anh hwéng cta hang sb téc do dbi véi BOD (& mét gia tri L cho truérc).

10
Thai gian (ngay)

15

20
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Toc d6 phan (rng thay dbi theo (1) ban chat clia chat hitu co' va (2) kha nang cac sinh
vat hién c6 st dung chat hiru co.

5.5 S KHAC NHAU GIJ’A CAC GIA TRI L VA NHU'NG GIA TRI NHU CAU OXY
THEO LY THUYET

Truwdc day, gia tri BOD tdng cdng hay L ctia cac chat hiru co dwgc xem bang nhu cau
oxy theo ly thuyét khi dwoc tinh tr Phwong trinh hda hoc twong rng (xem Phwong trinh
5.10). Vi du, sw oxy héa glucose thanh CO, va nwéc can 192 gO,/mol hodc 1,065
mLO,/mol glucose.

CgH1206 + 60, — 6CO, + 6H,0 (5 - 10)

BOD cuia dung dich glucose c6 ndng d6 300 mg/L theo Iy thuyét la 320 mg/L. Thuc té,
BODy dao déng tir 250 dén 285. Nhw vay, khéng phai tat ca glucose dwoc chuyén
thanh CO, va H0.

Dé vi sinh vat oxy héa chét hiru co, chat hivu co phai 1a thirc an can thiét cho sw sinh
trwdng va phat trién cla vi sinh vat. Nhw vay, mét phan chat hiru co dwoc chuyén vao
mo té bao va di tri khdng bi oxy héa cho dén khi vi sinh vat s& dung cac chat hiru co
nay trong qua trinh hé hap ndi bao. Khi vi sinh vat chét chang tré thanh thirc &n cho vi
sinh vat khac va bién thanh carbonic va nuwéc. Vi sinh vat séng ciing nhw chét, dung
lam thirc &n cho nhirng sinh vat cao cip hon chang han nguyén sinh déng vat. Lwong
chét hiru co' con lai khéng bi phan hiy sinh hoc 1a bun.

5.6 S KHAC NHAU GIJ’A TOC DO QUAN SAT BU'Q'C VA TOC PO BAC |

Khao sat gia tri BOD cuia cac chat hivu co hoda tan véi gia thiét phan ng “bac 1”. Trong
nhiéu trwong hop, bién thién BOD xay ra theo hai pha twong tw nhu Hinh 5.2. Tuy
nhién, pha th& hai khéng phai do sw nitrat hda ma do tac dung bac 2 cua protozoa:
trong moét hodc hai ngay dau cua giai doan G, chat hiru co hoa tan bj tiéu thu nhanh,
khodng 30% dén 50% bi oxy héa va phan con lai dwgc chuyén vao té bao vi sinh vat.
Khi sw chuyén héa nay dwoc hoan thanh, tbc dd oxy héa gidm do qua trinh hé hép néi
bao clia vi sinh vat. Mét hodc hai ngay sau téc dd oxy hoa tang lén bac hai do su ting
mat dd protozoa — dung vi sinh vat lam thic an. Nhw vay, protozoa cling dong vai tro
rat quan trong trong thi nghiém BOD.

5.7 'NG DUNG CUA SO LIEU BOD

S6 lieu BOD dwoc dung rong rai trong thwe té ky thuat méi trwdng. BOD 14 chi tiéu
quan trong dé& danh gia tinh chat nwéc thai sinh hoat va nwéc thai céng nghiép. BOD a
chi tiéu duy nhat dé& xac dinh lwong chat hivu co cé kha nang phan hay sinh hoc. BOD
con la chi tiéu danh gia lam tw sach cac nguén nhan va 1a tiéu chudn dé kiém tra chat
lwong cla cac dong thai vao ngudn nwéc nay. BOD la co s& dé chon phwong phap xi
ly va xac dinh kich thwéc ctia nhivng thiét bi va dé danh gia hiéu qua cla tirng don vij
trong hé théng xu ly.
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