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GIOI THIEU

Vi sinh vat hoc moi trudng 12 nganh nghién ctfu cdc ddi vi sinh vat ton tai
trong moi trudng tu nhién va nhan tao. Ngudn gdc clia cdc nghién cttu bit dau tir sy
quan st cia Antony van Leeuwenhoek (1677). Van Leeuwenhoek da st dung mét
kinh hién vi d€ khdm phd nhitng gi ma dng goi 12 “nhitng dong vat nhd” chiing song
va sinh sdn trong nuéc mua, nudc gi€ng, nudc bién va nudc bing tan. Trong sudt
nhiéu th& ky, su hi€u biét clia ching ta vé vi sinh vt mdi trudng dya trén nhitng
quan sat chi ti€t va cdc thi nghiém véi sy gitp d8 cta kinh hién vi va cdc cong cu
hoa sinh ciling nhu todn hoc hién dai.

Nhiéu nghién ctu clia van Leeuwenhoek dya vao viéc kiém tra cdc miu vat
dugc dit trong dng nghiém, trong chai thuy tinh tai nha 6ng. Hién tai, ngudi ta cho
ring Ong da tao nén modt mdi trudng nhan tao, cling nhd d6 ma ngay nay chiing ta c6
nhitng k§ thudt nudi cdy vi sinh vat trong phong thi nghiém dé xdc dinh cdu triic
cling nhu chic nang cda ching.

Nhu chiing ta dd biét vi sinh vat hién dién khdp noi, trong dat, trong nudc,
khong khi, trong co thé sinh vat khac, dic biét chiing c6 thé tdn tai trong nhitng mdi
trudng khic nghiét nhit. Chiing déng mdt vai trd quan trong trong vong tuan hoan
vat chat. Vi th€, ching dudc xem 1a 12 modt mdc xich quan trong trong qué trinh
chuyén ho4 vt chit.

Trong phan vi sinh vt mdi trudng nay, ching ta s& tim hiéu cdc qué trinh
chuyén hod vat chit trong moi trudng tu nhién va nhin tao. Qua dé, c6 thé nim bit
dudc cdc quy luat chuyén hod chat hitu co va vo co bdi vi sinh vat nhim diéu khién
va 4p dung ching mdt cach hiéu trong cdc cdng trinh xit 1y chat thdi. Nghién ciu sy
tdc dong tuong hd giita cac co thé vi sinh vat, giita vi sinh vat va mdi trudng (cic tic
nhan 1y hod va sinh hoc) nhiim ki€m sodt sy phét trién clia chiing, va nhiim ting cao
hiéu qud x{t 1y chat thdi cta ching khi dugc 4p dung. Tir d6 ching ta s& c6 nhitng
hiéu biét ding didn vé vi sinh vat vi tim quan trong cda ching trong mdi trudng tu
nhién ciing nhu nhén tao.
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Chuong 1

SU PHAN BO CUA VI SINH VAT TRONG MOI TRUONG
3

1.1. Moi trudng dat va sy phan bé cta vi sinh vat trong dat
1.1.1. Méi truong dat.

DPat 1a mot moi trudng thich hgp nhat d6i véi vi sinh vat, vi thé nd 1a ndi cu trd
rong rai nhat cda vi sinh vat, cd vé thanh phan ciing nhu s& lugng so vdi cdc mdi trudng
khac. S& di nhu vat 1a do trong dat cé6 mot lugng 16n cdc chat hitu co. P6 1 ngudn thifc dn
cho cdc nhém vi sinh vat di dudng (vi sinh vat phan huy cic chat carbon hitu cd, nhém vi
sinh vat phan hdy cdc chat nitrogen hitu co...). Cdc cht vd co ¢6 trong dit cling 1a ngudn
dinh dudng cho cdc nhém vi sinh vat tv dudng (cdc nhém phin hdy cdc chit vo co,
chuyén hod céc chat S, P, Fe...)

Céc chat dinh dudng khong nhitng tip trung nhiéu & tAng dat mit ma con phan tdn
xudng cdc tang dat siu. Bdi vay, & cdc tang dit khac nhau, sy phan bd vi sinh vat khic
nhau phu thudc va ham lugng cdc chit dinh dudng.

Miic d6 thodng khi clia dit cling 12 mot di€u kién dnh hudng dén sy phan bd clia vi
sinh vat. Cdc nhém hi€u khi phat trién nhiéu & nhitng ndi c6 ndng dd oxy cao. Nhitng ndi
yé&m khi, ham Iugng oxy thdp thudng phan bd nhiéu loai vi sinh vt ky khi.

D6 4m va nhiét do trong dit cling 4nh hudng dén sy phat trién clia vi sinh vt dat.
DAt ving nhiét déi thudng c6 do 4m 70-80% va nhiét do 20°C - 30°C. P6 1a nhiét dd va
dd 4m thich hdp véi da s6 vi sinh vat. B3i vy, trong mdi gam dit thudng c6 hang chuc
triéu d&€n hang ti t€ bao vi sinh vat bao gdm nhiéu nhém khdc nhau vé vi tri phan loai
cling nhu hoat tinh sinh ly, sinh hod va sinh thai.

1.1.2. Su phdn bé cua vi sinh vt trong dit va moi quan hé giita cdc nhém vi sinh vat.
1.1.2.1. Sy phdn b6 ciia vi sinh vt trong dat.

Vi sinh vat 12 nhitng cd thé nhd bé d€ dang phat tdn nhd gié va cdc sinh vat khdc.
B3i vay ching c6 thé di chuyén d& dang d&én moi ndi trong ty nhién. Nhit 1a nhitng vi
sinh vat c6 bao t, bao tif clia ching c6 kh3 ning song tiém sinh trong cdc diéu kién khé
khin. Khi gip diéu kién thuin 10i, chiing lai phat trién va sinh sdi. Tuy nhién, dit 1a ndi
vi sinh vat ton tai nhiéu nhit so vdi cdc moi trudng khdc. Su phan bd cla vi sinh vat dit
con goi 1a khu hé vi sinh dat.

Chiing bao gdm cdc nhém c6 dic tinh sinh 1y, sinh hod va sinh th4i rat khic nhau.
Céc nhém vi sinh vat chinh cu trd trong dat bao gdm: Vi khudn, Vi nAm, Xa khuén, Virus,
T4o, Nguyén sinh dong vat. Trong d6 vi khudn 12 nhém chi€m nhiéu nhat vé s§ lugng.
Chiing bao gom vi khuin hi€u khi, vi khuin ky khi, vi khudn ty dudng, vi khuin di
dudng..N€&u chia theo cdc ngudn dinh dudng thi né lai ¢6 nhém t dudng carbon, ty dudng
amin, di dudng amin, vi khuén cd dinh nitrogen...



Theo nhiéu tai liéu thi trung binh trong dat vi khuin chi€m khodng 90% tong sd.
Xa khuin chi€m khodng 8%, vi nAim 1%, con lai 1% la tdo, nguyén sinh dong vat. Ti 1&
nay thay ddi tuy theo cic loai dit khdc nhau ciing nhu khu vyc dia 1y, ting dat, thdi vu,
ch€& d6 canh téc..0 nhitng dit c6 ddy dd chat dinh dudng, do thodng khi tot, nhiét do, do
4m va pH thich hop thi vi sinh vat phat trién nhiéu vé s6 lugng va thanh phan. Su phat
trién cla vi sinh vt lai chinh 13 nhan t& 1am cho dat thém phi nhi€u, mau md.

Su phan b& clia vi sinh vt trong dit c6 thé chia ra nhu sau:
* Phdn bo' theo chiéu sdu.

Quan thé€ vi sinh vat thudng tip trung nhiéu nhit & ting canh tic. P6 1a noi tap
trung ré cay, chat dinh dudng, c6 cudng dd chiéu sang, nhiét do, do 4m thich hgp nhat. S&
lugng vi sinh vat gidm dan theo tAng dit, cang xudng siu cang it vi sinh vAt.

Riéng ddi v6i cdc dat bac mau, do hién tudng ria trdi, tAng 0 — 20 cm it chat hitu
cd hon tang 20 — 40 cm. Bdi vay, & ting ndy s6 lugng vi sinh vat nhiéu hon & ting trén.
Sau d6 gidm din & cdc tang dudi.

Thanh phin vi sinh vt ciing thay ddi theo tAng dit: vi khuin hi€u khi, vi nim, xa
khu&n thudng tip trung & ting mit vi ting niy c6 nhiéu oxy. Cang xudng siu, cdc nhém
vi sinh vat hi€u khi cang gidm manh. Ngugc lai, cic nhém vi khuén ky khi nhu vi khudn
phan nitrate hod phat trién manh & do siu 20 — 40 cm. o) viing khi hau nhiét déi néng 4m
thudng c6 qué trinh ria troi, x6i mon nén ting 0 — 20 cm d€ bién dong, ting 20 — 40 cm
6n dinh hon.

* Phdn bé theo cdc loai dat.

Céc loai dat khdc nhau c6 diéu kién dinh dudng, do am, do thoang khi, pH khéc
nhau. B&i vay su phan b cda vi sinh vt ciing khdc nhau. O dat lda nudc, tinh trang ngap
nudc 1au ngdy lam dnh hudng dén do thong khi, ch&€ dod nhiét, chat dinh dudng...Chi c6
mdt 16p mdéng & trén khodng 0 — 3 cm 12 ¢6 qud trinh oxy hod, § ting dudi qud trinh khit
oxy chi€m uu thé. B&i vy, trong dit lda nudc céc loai vi sinh vat ky khi phét trién manh.
Vi du nhu vi khuan amon hod, vi khuin phan nitrate hod. Ngugc lai, cdc loai vi sinh vat
hi€u khi nhu vi khuén nitrate hod, vi khudn c& dinh nitrogen, vi nim va xa khudn déu rat
it. Ty 1& giita vi khuan hi€u khi va y&m khi luén nhé hon 1.

O dat trdng hoa mau, khong khi luu thong t6t, qud trinh oxy hod chi€m uu thé, bdi
vay céc loai vi sinh vat hi€u khi phdt trién manh, vi sinh vt y&m phdt trién y&u. Ty 1&
gitta vi khu&n hi€u khi va y&m khi thudng 16n hon 1, c¢6 trudng hop dat t6i 4 — 5. G dat
giau dinh dudng nhu dat phi sa séng Hong, s6 ludgng vi sinh vat tong so rit cao. Nguoc lai,
viing dat bac mau Ha Bic c6 s6 lugng vi sinh vat it nhat.

* Phdan bd theo cdy trong.

Da6i v6i tat ca cac loai cdy trong, viing ré ciy 1a viing vi sinh vat phat trién manh
hon so véi viing khong c6 ré. S& di nhu thé vi ré cAy cung cAp mdt lugng 16n chat hitu co
khi n6 chét di. Khi con song, bdn than ré cdy ciing thudng xuyén tiét ra cdc chit hitu co
1am ngudn dinh dudng cho vi sinh vat. R& cdy con lam cho dat thoang khi, git dudgc do
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4m. T4t ca nhitng nhan t6 d6 1am cho sd lugng vi sinh vat & viing ré phat trién manh hon
viing ngoai ré.

Tuy nhién, mdi loai ciy trong trong qud trinh sdng clia né thudng ti€t qua bo ré
nhitng chat khac nhau. Bo ré khi chét di cling ¢6 thanh phin cédc chit khidc nhau. Thanh
phan va s lugng cdc chat hitu co tiét ra tir bd ré quyét dinh thanh phan va s6 lugng vi
sinh vat song trong ving ré d6. Vi du nhu ving ré cdy ho dau thudng phian bé nhém vi
khuin cd dinh nitrogen cdng sinh con & viing ré lda 13 noi cu trd clia cdc nhém cd dinh
nitrogen ty do hodc hoi sinh v.v.. S§ lugng va thanh phan vi sinh vit cling thay d6i theo
cdc giai doan phdt trién ctia cdy trong. DAt viing phu sa song Hong, s luong vi sinh vat
dat cuc dai & giai doan lda chdi nhanh, dé nhdnh, giai doan nay Ia cAy lda sinh truéng
manh. B&i vy thanh phain va s& lugng chat hitu co ti€t qua bo ré cang 16n — d6 1a ngudn
dinh dudng cho vi sinh vat viing ré. S6 lugng vi sinh vat dat cuc ti€u & thdi ky Ida chin.
Thanh phan vi sinh vat ciing bién dong theo cdc giai doan phat trién ctia cAy phit hop véi
ham ludng cdc chat ti€t qua bo ré.

1.1.2.2.  Moi quan hé giita cdc nhém vi sinh vt trong dat.

Su phéan bd cia vi sinh vat trong dit vo cling phong phii ¢4 vé sd ludng ciing nhu
thanh phan. Trong qud trinh sdng chung nhu th&, ching ¢6 mdt moi quan hé tuong hd vo
cung chit ché. Dya vao tinh chit clia cdc loai quan hé giita cdc nhém vi sinh vat, ngudi ta
chia ra 1am 4 loai quan hé: ky sinh, cOng sinh, hd sinh va khéang sinh.

* Quan hé ky sinh:

Quan hé ky sinh 13 hién tugng vi sinh vat nay song ky sinh trén vi sinh vat khéc,
hoan toan dn bam va giy hai cho vat chli. Vi du nhu cdc loai virus séng ky sinh trong t&
bao vi khu&n hoic mdt vai loai vi khudn séng ky sinh trén vi nAm. Céc loai vi khudn cd
dinh nitrogen cong sinh thudng hay bi mot loai thuc khudn Rhizobium ky sinh, trén mdi
trudng dich thé c6 hién tugng moi trudng dang duc trd nén trong. Nguyén nhan 13 do thuc
khuin thé xAm nhip va 1am tan tit ci cdc t€ bao vi khuin — goi 12 hién tugng sinh tan.
Khi nu6i cdy vi khuén trén moi trudng dic ciing c¢6 hién tugng nhu vay. Céc thyc khuin
nay ton tai & trong dit trong cAy ho dau 1am 4nh hudng rat 16n dén qud trinh hinh thanh
ndt san & cay dau.

* Quan hé cong sinh

LA quan hé hai bén cling c6 1¢i, bén nay khong thé thi€u bén kia trong qud trinh
sinh s6ng. O vi sinh vat ngudi ta it quan sdt thdy quan hé cong sinh. C6 mot s& gid thiét
cho riing: ty th€ — cd quan ho hap clia t&€ bao vi nAm chinh 13 mdt vi khuin cong sinh vdi
vi ndim. Gi4 thi€t d6 duva trén ciu tao cla ty thé c6 cd bd mdy DNA riéng biét, ¢ thé tu
sao chép nhu mot cd thé doc 1ap. Gia thi€t nay chua duge cong nhan hoan toan. Lai c6
gid thiét cho ring: cdc plasmid cé trong vi nAm va vi khuin chinh 14 sy cdng sinh giita
virus va vi nAm hay vi khuin d6. Vi du nhu cdc plasmid mang gen khing thudc d3 mang
lai m&i 1di cho vi khudn chii 12 khiang dugce thudc khdng sinh vi th€ ma hai bén cling c6
1gi va goi la quan hé cong sinh.



* Quan hé hé sinh

La quan hé hai bén cing c6 1i nhung khong nhat thi€t phdi ¢cé nhau mdi song
dudc nhu quan hé cdng sinh. Quan hé nay thudng thay trong su sdng clia vi sinh vat viing
ré. Vi du nhu moi quan hé giita nAm mdc phan huy tinh bot thanh dudng va nhitng nhém
vi khuan phan gidi loai dudng d6. Mdi quan hé giita nhém vi khuan phan gidi phosphore
va nhém vi khuén phin gidi protein ciing 12 quan hé hd sinh, trong dé nhém thi nhat
cung cAp P cho nhém thit hai va nhém thit hai cung cAp N cho nhém thif nhat.

* Quan hé khdng sinh

Quan hé khdng sinh 1a mé&i quan hé d6i khdng 14n nhau giita hai nhém vi sinh vat.
Loai nay thudng tiéu diét loai kia hodc han ch& qud trinh s6ng cda né. Vi du dién hinh la
xa khuin khdng sinh va nhém vi khudn min cdm véi chat khang sinh do xa khuin sinh ra.
Khi nudi cdy 2 nhém nay trén mdi trudng thach dia, ta c6 thé thiy rd hién tugng khing
sinh: xung quanh ndi xa khuian moc c¢6 mot vong vd khudn, tai dé vi khudn khdng moc
dugc. Ngudi ta cin ci vio dudng kinh clia vong vd khuin d6 ma ddnh gid khi ning
khang sinh ctia xa khuin. T4t ci cdc moi quan hé trén day cta khu hé vi sinh vat dt tao
nén nhitng hé sinh thdi vd cing phong phi trong ting loai dat. Ching 1am nén do mau
md cla dat, thay ddi tinh chit 1y ho4 clia dat va tir 6 4nh hudng dén cay trong.

1.1.3. Méi quan hé giita dat, vi sinh vdt va thuc vt
1.1.3.1.  Quan hé giita dat va vi sinh vat dat.

Pat c6 két cau tir nhitng hat nhd lién két véi nhau thanh ciu tric dat. Cé quan
di€m cho riing vi sinh vat d6ng vai trd gian ti€p trong su lién két cac hat dit vdi nhau.
Hoat dong clia vi sinh vat, nhit 12 nhém hi€u khi da hinh thinh nén mdt thanh phan cda
min 12 acid humic. Cdc mudi cia acid humic tic dung v6i ion Ca”* tao thanh mot chat
déo gin k&t nhitng hat dit v6i nhau. Sau nay ngudi ta di tim ra vai tro truc ti€p cda vi
sinh vat trong viéc tao thanh ké&t cAu dat. Trong qua trinh phan gii chat hitu cd, nAm moc
va xa khu&n phat trién mot hé khuan ty kha 16n trong dat. Khi nAm mdc va xa khuin chét
di, vi khuén phan gidi chiing tai thanh cdc chit déo c6 kha ning két dinh céc hat dat vdi
nhau. Ban than vi khuin khi chét di va tu phan huy ciing tao thanh cdc chat két dinh.
Ngoai ra 16p dich nhdy bao quanh c4c vi khuén cé vd nhdy ciing c6 kha ning két dinh céc
hat dat véi nhau.

Céc chat két dinh tao thanh két cdu dat con dudc goi 1a mun hoat tinh. Nhu vay
mun khong nhitng 13 noi tich lu§ chit hitu co 1am nén d6 phi nhiéu cia dat ma con la
nhan td tao nén két cau dat.

* Tdc déng ciia phdn bén dén vi sinh vat dat

Khi ta bén phan vao dit, phan tic dung nhanh hay chim dén ciy trong la nhd hoat
dong ctia vi sinh vat. Vi sinh vat phan gidi phan hitu co thanh dang v cd cho ciy trong
hap thu, bi€n dang vd cd khé tan thanh dé tan. Ngudc lai cdc loai phan bén ciing dnh
hudng dé&n sinh trudng va phat trién cda vi sinh vat trong dat.



* Tdc dong ciia ché do nudc doi vdi vi sinh vat:

Pai da s6 céc loai vi khudn c6 ich déu phét trién manh & d6 4m 60 — 80%. D6 4m
qud thap hoic qué cao déu e ché vi sinh vat. Chi c6 nAm mdc va xa khuin 1a c6 thé phat
trién dudc & diéu kién kho.

* Tdc dong ciia ché d) canh tdc khdc tdi vi sinh vat:

Ngoai cdc ch€ d6 phan bén, nudc, 1am dat, ché do canh tic khdc ciling c6 tic dung
1o rét t6i hoat dong cda vi sinh vat. Vi du nhu ché€ do luan canh cdy trong. Mbi loai ciy
trong déu c6 mot khu hé vi sinh vat dic trung song trong ving ré cda né. Bdi vy luan
canh ciy trong 1am cho khu hé vi sinh vat dit cAn d6i va phong phi hon. Ngudi ta thudng
luan canh cdc loai cAy trong khic vé6i cAy ho dau d€ ting cudng ham lugng dam cho dat.

C4c lai thudc hod hoc trir sau, diét cd gy tdc dong cé hai t6i vi sinh vat cling nhu
hé sinh thdi d4t n6i chung. Viéc ding céc loai thudc hod hoc 1am 6 nhiém moi trudng dat,
tiéu diét phan 16n cdc loai vi sinh vat va dong vt nguyén sinh trong dat.

TAt cd nhitng bién phdp canh tdc c6 dnh hudng tryc ti€p va siu sic dén sy phat
trién ctia vi sinh vat trong dat, tir 6 4nh hudng dén qud trinh hoat dong sinh hoc, cu thé
12 su chuyén hod cdc chit hitu cd thanh vd cd trong dat, 4nh huéng d€n qué trinh hinh
thanh mun va két cau dat.

1.1.3.2.  MO0&i quan hé giita vi sinh vt va thic vat

M&i loai ciy déu c6 mot khu hé vi sinh vat viing ré dic trung cho cdy dé vi ré thuc
vat thudng ti€t ra mot luong 16n cdc chat hitu co va vo cd, cdc chat sinh trudng..., thanh
phan va s6 lugng cla cdc chit d6 khdc nhau tuy loai cdy. Nhitng chat ti€t cda ré c¢6 anh
huéng quan trong dén vi sinh vat viing ré. Trén bé mit clia ré va 16p dat ndm sat ré chita
nhiéu chit dinh dudng nén tip trung vi sinh vat véi s6 lugng 16n. Cang xa ré sd luong vi
sinh vat gidm cang giam di.

Thanh phan vi sinh vat viing ré khong nhitng phu thudc vao loai cdy trong ma con
phu thudc vao thdi ky phét trién cda cdy. Vi sinh vat phan gidi cellulose c6 rat it khi cAy
con non nhung khi ciy gia thi rat nhiéu. Pi€u d6 ching té vi sinh vat khong nhitng sk
dung cdc chat ti€t clia ré ma con phan huy ré khi ré ciy gia va chét di.

Vi sinh vat song trong viing ré€ c6 quan hé mat thi€t vdi cdy, ching st dung nhitng
chat ti€t cia ciy lam chat dinh dudng, dong thdi cung cip chat dinh dudng cho ciy qua
qué trinh hoat dong phan gidi ca minh. Vi sinh vat con tiét ra c4dc vitamin va chit sinh
trudng c6 1gi d6i vdi cay trong. Bén canh dé c6 rat nhicu vi sinh vat gy bénh cho cay, ¢
nhitng loai ¢ ch€ sy sinh trudng clia cdy, c6 nhitng loai tin ph4a mlia mang nghiém trong.

1.2. Moi trudng nudc va sy phan bo cia vi sinh vat trong nuée.
1.2.1. Su phdn bé ciia vi sinh vt trong méi truong niidc.

Vi sinh vat c6 mit & khip noi trong cdc ngudn nudc. Sy phian bd clia chiing hoan
toan khong dong nhat va rat khdc nhau tuy thudc vao dic trung clia tiing loai moi trudng.
Céc y€&u t6 moi trudng quan trong quyét dinh sy phin bd cda vi sinh vat 1a do min, chat



hitu co, pH, nhiét d6 va 4nh sing. Ngudn nhiém vi sinh vit ciing rit quan trong vi ngoai
nhitng nhém chuyén s6ng & nudc ra con c6 nhitng nhém nhi€ém tr cdc moi trudng khac
vao.

O moi trudng nude ngot, dic biét 1a nhitng noi ludn ¢6 sw nhiém khuén tir dat, hiu
hét cac nhém vi sinh vat c6 trong dat déu c6 mit trong nudc, tuy nhién véi ti 1& khac biét.
NuSc ngdm va nuSe sudi thudng ngheo vi sinh vat nhat do & nhitng noi nay nghéo chat
dinh dudng. Trong cdc sudi c6 ham lugng sit cao thudng chita cdc vi khuin nhu
Leptothrix ochracea. O céc sudi chia luu huynh thudng c6 nhém vi khuin Ivu huynh mau
luc hodc mau tia. Nhitng nhém nay déu thudc loai tv dudng hod ning va quang ning. 0
nhitng sudi nudc néng thudng chi tdn tai cdc nhém vi khudn wa nhiét nhu Leptothrix
thermalis.

O a0, hd va sdng do ham lugng chat dinh dudng cao nén s6 lugng va thanh phan vi
sinh vat phong phi hon nhi€u. Ngoai nhitng vi sinh vat ty dudng con c6 nhiéu nhém vi
sinh vat di dudng c6 kha ning phan huy cdc chit hitu co. Hau hét cdc nhém vi sinh vat
trong dat déu c6 mit & day. O nhitng noi bi nhiém ban bdi nudc thai sinh hoat con c6 mit
cdc vi khudn dudng rudt va cdc vi sinh vat gy bénh khdc. Tuy nhitng vi khudn nay chi
song trong nudc mot thdi gian nhit dinh nhung ngudn nudc thii lai dude dd vao thudng
xuyén nén lic nio ching ciing c6 mit. Pay chinh 12 ngudn 6 nhiém vi sinh nguy hiém
ddi véi siic khoé con ngudi.

O nhitng thuy vuc ¢6 ngudn nudc thdi cong nghiép dé vao thi thanh phan vi sinh
vat cling bi 4nh hudng theo cdc huéng khic nhau tuy thudc vao tinh chit clia nude thai.

Su phin bd clia vi sinh vat trong thuy vuc con phil thudc vao cic tang nudc khic
nhau. G tang mit nhiéu 4nh sdng thudng c6 nhitng nhém vi sinh vat ty dudng quang ning.
Du6i ddy hd gidu chat hitu cd thudng c6 cdc nhém vi khudn di dudng phan gidi chat hitu
co. O nhitng ting ddy c6 sy phan huy chat hitu ¢d manh tiéu thu nhiéu oxy tao ra nhing
ving khong ¢6 oxy hoa tan thi chi ¢6 mit nhém ky khi bit budc.

C6 nhitng vi sinh vat ¢6 kha nang chiu man cao, nhung c¢6 nhitng vi sinh vat chi c6
thé€ s6ng trong nudc ngot. Céc vi sinh vat séng trong mdi trudng nuéc min néi chung c6
kha ning st dung chit dinh dudng c6 néng d6 thap. Chiing phat trién chdm hon nhiéu so
vdi vi sinh vat dit. Ching thudng bdm vao cdc hat phu sa d€ sdng. Vi sinh vat & bién
thudng thudc nhém wa lanh va chiu dudc 4p suit cao.

N6i chung cdc nhém vi sinh vat séng & cdc ngudn khic nhau rit da dang vé hinh
thdi cling nhu hoat tinh sinh hoc. Chiing tham gia vao viéc chuyén hod vat chat. 0] trong
mdi trudng nudc ciing c6 mit ddy di cdc nhém tham gia vao cic chu trinh chuyén hod
céc hop chat carbon, nitrogen va cdc chat khodng khdc. M6i quan hé giita cdc nhém véi
nhau ciing rat phic tap, quan hé ky sinh, cdng sinh, hd sinh, khdng sinh nhu trong moi
trudng dat.

Ngay nay cdc ngudn nudc, ngay cd nudc ngdm va nudc bién & nhitng mitc do6 khac
nhau d3 bi 6 nhiém do cdc ngudn chat thdi khdc nhau. Do d6 khu hé vi sinh vét bi 4nh



huéng rat nhiéu va do d6 kha ning tu 1am sach cdc ngudn nuéc do hoat dong phan gidi
cda vi sinh vt ciing bi 4nh hudng.

1.3. Mboi truong khong khi va su phan b ctia vi sinh vat trong khong khi.

Mbéi trudng khong khi khong phdi 1a dong nhat, tuy tiing ving khic nhau, moi
trudng khi rat khdc nhau vé€ thanh phan céc loai khi. 0] nhitng vung khong khi trong lanh
nhu viung ndi, ty 1€ khi O, thudng cao. 0] nhitng viing khong khi bi 6 nhiém, ty 1& cdc khi
dodc nhu H,S, SO,, CO,..thudng cao, nhit 1a & thanh phd va cic khu cdng nghiép.

Su phan bd ctia vi sinh vat trong khong khi ciing khdc nhau tuy titng viing. Khong
khi khong phdi 12 mdi trudng song cta vi sinh vat. Tuy nhién trong khong khi c6 rat
nhiéu vi sinh vat ton tai. Ngudn goc ctia nhitng vi sinh vat nay 1a tir dat, tir nuSc, tif con
ngudi, dong vat, thuc vat, theo gid, theo bui phat tdn di khdp noi trong khong khi. Mot hat
bui ¢6 thé mang theo rat nhiéu vi sinh vat, dic biét 12 nhitng vi sinh vat c6 bao ti c6 kha
ning ton tai lau trong khong khi. N&€u d6 1a nhitng vi sinh vat gy bénh thi d6 chinh la
ngudn giy bénh c6 trong khong khi. C4c vi sinh vat gdy bénh dudng hd hap cé thé ton tai
lau trong khong khi. Khi ngudi hit phai khong khi ¢6 nhiém khudn d6 s& c6 kha ning
nhiém bénh. Nhitng vi khudn giy bénh ri sit c6 thé theo gi6 bay di va lay bénh cho cic
cdnh dong & rat xa ngudn bénh.



Chuong 2

KHA NANG CHUYEN HOA CAC HGP CHAT TRONG MOI TRUGNG TU
NHIEN CUA VI SINH VAT

(G180 ))
2.1. Vong tuan hoan nitrogen trong ty nhién

Trong cdc mdi trudng ty nhién, nitrogen ton tai & cac dang khdc nhau, ti nitrogen
phan t & dang khi cho dén cdc hop chat hitu co phiic tap c6 trong cd thé dong vat, thuc
vat va con ngudi. Trong co thé vi sinh vat, nitrogen ton tai chi y&u dudi dang cdc hop
chit hitu co nhu protein, acid amin. Khi c¢d thé vi sinh vat chét di, lugng nitrogen hitu cd
nay ton tai & trong dat. Duéi tdc dong cdc nhém vi sinh vat hoai sinh, protein dugc phan
gidi thanh cdc acid amin. Céac acid amin lai dugc m6t nhém vi sinh vat phan gidi thanh
NH; hoic NH,* goi 12 nhém vi khudn amon hod. Qua trinh ndy goi 13 su khodng ho4 chat
hitu co vi qua d6 nitrogen hitu cd dudc chuyén thanh dang nitrogen khodng. Dang NH,*
s€ dugc chuyén hoa thanh dang NO; nhd nhém vi khudn nitrate hod. Céc hop chat
nitrate lai dugc chuyén hod thanh nitrogen phan t, qud trinh nay goi 14 phan nitrate hod
dugc thuc hién bdi nhém vi khudn phan nitrate. Khi N, sé& dugc ¢ dinh lai trong t& bao vi
khuin va t&€ bao thyc vat sau dé dudc chuyén hod thanh dang nitrogen hitu cd nhd nhém
vi khudn ¢& dinh nitrogen. Nhu vdy, vong tudn hoan nitrogen dugc khép kin. Trong hiu
hét cic khau chuyén hod clia vong tuian hoan déu c6 sy tham gia clia cdc nhém vi sinh
vat khac nhau. N&u sy hoat dong cia mot nhém nao d6 ngling lai, toan bd su chuyén hod
clia vong tuan hoan ciing s& bi 4nh hudng nghiém trong.

2.2. Qua trinh amon hoa

Trong thién nhién ton tai nhi€u dang hop chit nitrogen hitu co nhu protein, acid
amin, acid nucleic, urea..Cdc hop chat nay di vao dit tir ngudn xdc dong vat, thuc vat,
cdc loai phan chudng, phan xanh, rac thdi hitu cd. Thuc vt khong thé ddng hod dudc
dang nitrogen hitu cd phic tap nhu trén, né chi c6 thé st dung dugc sau qud trinh amoén
hod. Qua qud trinh amdn hod, cdc dang nitrogen hitu co dudc chuyén hod thanh NH,*
hodc NH;.

2.2.1. Su amon hod urea.

Urea c6 trong thanh phin nudc ti€u cia ngudi va dong vat, chi€ém khodng 2.2%
nudc tiu. Urea chifa tdi 46.6% nitrogen, vi thé né 12 mot ngudn dinh dudng dam tot doi
vdi cdy trong. Tuy nhién, thuc vat khong thé dong hod tryc ti€p urea ma phai qua qud
trinh amo6n ho4. Qu4 trinh amdn hod urea chia 1am 2 giai doan, giai doan dau dudi tic
dung clia enzyme urease tiét ra bdi cdc vi sinh vat, urea sé bi thuy phin tao thanh mudi
carbonate amoni. Giai doan 2, carbonate amoni chuyén hoa thanh NH;, CO, va H,O.
CO(NH,), + 2 H,O — (NH,4),CO;

(NH4)2CO3 — 2NH3 + CO, + H,O



Trong nudc ti€u con c6 acid uric, tdn tai trong dat mot thdi gian acid uric s& bi
phan gidi thanh urea va acid tactronic. Sau d6 urea ti€p tuc bi phan gidi thanh NHj.

Nhém vi sinh vat phan giai urea va acid uric con ¢é khd ning amén hod cyanamid
calci 12 mdt loai phan bén hod hoc. Chit nay sau khi di vao dit ciing bi chuyén ho4 thanh
urea rodi sau d6 qua qué trinh amon hod dudc chuyén thanh NH;.

CN-Nca + 2 H,O — CN-NH, + Ca(OH),
CN-NH, + H,O —» CO(NH,)
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Nhi€u loai vi khuan c6 khd ning amo6n hod urea, ching déu ti€t ra enzyme urease.
Trong d6 c¢6 mot so loai c6 hoat tinh phan giai cao nhu Planosarcina urea, Micrococcus
urea, Bacillus amylovorum, Proteus vulgaris...

Pa s6 vi sinh vat phan gidi urea thudc nhém hi€u khi hoic ky khi khdng bit budc,
chiing wa pH trung tinh ho#c hdi kiém. B&i vay khi st dung urea 1am phin bén ngudi ta
thudng k&t hgp v6i bén voi hoic tro, ddng thdi 1am thodng dat.

2.2.2. Su amon hod protein.

Protein 13 thanh phan quan trong clia t& bao sinh vat, khi dong vat, thuc vat chét di,
ngudn protein c6 trong t€ bao cla ching dugc tich luy trong dit. Protein chita t6i 15 —
17% nitrogen, nhung ciy trong khong thé hip thu tryc ti€p protein ma phdi thong qua su
phan huy cua vi sinh vit.

Nhém vi sinh vat phan huy protein c6 khd niing ti€t ra enzyme protease bao gdm
proteinase va peptidase. Duéi tdc dung clia proteinase phan tlf protein s& dugc phan giai
thanh cdc chudi polypeptide va oligopeptide (chita tir 3 — 5 acid amin). Sau d6 duéi tdc
dung ctia enzyme peptidase cac polypeptide va oligopeptide s€ dugc phan giai thanh cac
acid amin. Mot phan acid amin s& dudc t&€ bao vi sinh vat hap thu 1am chit dinh dudng.
Phan khac sé& thong qua qud trinh khit amin tao thanh NH; va nhiéu sin phdm trung gian
khdc. Su khit amin c6 thé x3y ra theo mot trong nhitng phuong thic sau:

R-CH(NH,)COOH ——* R=CHCOOH + NHj;
R-CH(NH,)COOH + H,0 ——» R-CH,0OH-COOH + CO, + NHj;
R-CH(NH,)COOH +'12 0, — > R-CO-COOH + NH;

Mot s6 acid amin bi deamin hod bdi vi sinh vt nhd enzyme deaminase, sau d6 tao
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ra san pham cuoi cung 1a amon, vi du:

) Ala-deaminose )
Alamin + O, » Piprevar + NH,

D06i véi cdc acid amin c6 vong nhu triptophan, khi phan giai sé tao thanh cdc hdp
chit c6 mui thdi nhu indon va scaton. Khi phan gidi cdc acid amin chita S nhu methionin,
cystein, vi sinh vt gidi phéng ra H,S, chit nay doc ddi véi ciy trong. Mot s6 hop chat
amin sinh ra trong qu4 trinh amoén ho4 ¢6 tic dung ddc ddi v6i ngudi va dong vat. Vi du



nhu histamin, armatin..dé chinh 12 nguyén nhan bi nhiém ddc thitc in thit c4 thiu thoi
hodc thit hop @€ qud 1au (6 nhiém thyc pham).

Ty 1€ C:N trong dAt rit quan trong d6i v6i nhém vi sinh vat phan huy protein. Néu
nhu ty 1& nay qud cao, trong dit qua it dam vi sinh vat s&€ tranh chap thitc idn dam doi véi
cy trong, chiing phan huy dudc bao nhiéu 13 hap thu by nhiéu.

Néu ty 1& C:N qud thap, dam du thira, qua trinh phan huy s& cham lai, ciy trong
khong c6 dam khodng d€ hap thu. Nhiéu cong trinh nghién cifu da rit ra ty 1& C:N biing
20 1a thich hdp nhat cho qu4 trinh amdn hod protein, c6 1di nhat d6i vdi cdy trong.

Nhiéu vi sinh vat c6 kha ning amon hod protein. Trong nhém vi khuin c¢é Bacillus
mycoides, B. mesentericus, B. subtilis, Pseudomonas fluorescens, Clostridium
sporogenes..Xa khuin c6 Streptomyces griseus..Nindm c6 Aspergillus oryzae, A. flavus,
A. niger, Penicilium camemberti...

Ngoai protein va urea, nhiéu lodi vi sinh vat c6 kha ning amon hod kitin. Kitin 12
thanh phan cla vé nhiéu loai con triing, gidp xdc. Hang nim kitin dudc tich lu§ lai trong
dat véi mot lugng khong nhd, nhém vi sinh vat phan huy kitin c6 kha ning ti€t enzyme
kitinase va kitobiase phan huy phan tif kitin thanh cdc gdc don phén t, sau d6 géc amin
dudc amon hoa tao thanh NHs.

2.3. Qua trinh nitrate hoa.

Sau qud trinh amoén hod NH; dugce hinh thanh, mdt phan phdn Gng vdi cdc anion
trong dat tao thanh cdc mudi amdn. Mot phadn mudi amén ciing dugc ciy trong hap thu,
phan con lai dugc oxy hod thanh dang nitrate goi 1a qua trinh nitrate hod. Nhém vi sinh
vat ti€n hanh qué trinh niy goi chung 14 nhém vi khu&n nitrate hod bao gdm 2 nhém ti€n
hanh qua 2 giai doan.

2.3.1. Giai doan nitrite hod

Qu4 trinh oxy hod NH," tao thanh NO, dudgc tién hanh bdi vi khudn nitrite hod.
Chidng thudc nhém vi sinh vat tv dudng hod ning c6 khd ning oxy hod NH," bing oxy
khong khi vao tao ra nang lugng.

NH4+ +3/20, —» N02-+H20+2H+Q

Ning lugng dudc vi khuin st dung d€ dong hoa CO, thanh carbon hitu co.

Enzyme xuc tdc cho qud trinh nay I1a cdc enzyme cla qua trinh ho hap hi€u khi.
Nhém vi khuidn nitrite hod bao g6m 4 chi khac nhau: Nitrosomonas, Nitrosocystis,
Nitrosolobus va Nitrosospira chiing déu thudc loai ty dudng bit budc, khong c6 kh3 ning

song trén moi trudng thach. Bdi vay phan 1ap ching rat khé, phdi dung silicagen thay cho
thach.

2.3.2. Giai doan nitrate hod

Qud trinh oxy hod NO, thanh NO; dugc thuc hién bdi nhém vi khudn nitrate.
Ching ciing l1a nhitng vi sinh vat ty dudng hod nidng c6 kha nang oxy hod NO, tao thanh
ning luong. Ning lugng nay dudgc diing d€ dong hod CO, tao thanh dudng.
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NO, +% 0, — NO; +Q

Nhém vi khuin ti€n hanh oxy hod NO, thainh NO; bao gébm 3 chi khic nhau:
Nitrobacter, Nitrospira va Nitrococcus.

Ngoai nhém vi khuén ty dudng hod ning néi trén, trong dit con c6 mot s6 lodi vi
sinh vat di dudng ciing tién hianh qué trinh nitrate hod. P6 1a cdc loai vi khudn va xa
khuan thudc cdc chi Pseudomonas, Corynebacterium, Streptomyces...

Qud trinh nitrate hod 12 mot khau quan trong trong vong tuan hoan nitrogen, nhung
ddi véi ndng nghiép né c6 nhiéu diéu bat Igi. Dang dam nitrate thudng dé bi rita troi
xudng cic ting sdu, dé bi di vao qud trinh phan nitrate hod tao thanh khi N, lam cho dat
mAt dam. Anion NOj;™ thudng két hgp v6i ion H' trong dat tao thanh HNO; 1a cho pH dat
gidm xudng rat bat 1gi cho cdy trong. Hon nita, lugng NO; du thira trong dit dugc cay
trong hap thu nhiéu 1am cho ham lugng nitrate trong sdn phin luong thuc, thuc phdm cao
gy doc cho ngudi va gia stc. BSi vy ngay nay ngudi ta thudng han ché€ viéc bén phan
dam hod hoc c6 goc nitrate.

2.4. Qud trinh phdn nitrate hod

C4c hgp chit dam dang nitrate & trong dat rat dé bi khir bi€n thanh nitrogen phin
ti. Qud trinh nay goi 1a qud trinh phan nitrate hod. N6 khdc v4i qua trinh oxy hod nitrate
tao thanh NH," con goi 12 qud trinh amon hod nitrate. C6 thé phan biét dudc hai qua trinh
trén qua so do sau.

Amon ho4 nitrate

/ NH,OH —> NH;

\ N,O EE— N,

Ve 7 . ’ P.hén rl)itracte hOé o A ~ BN .
Qua trinh amodn ho4 nitrate do mot s6 vi khuan di dudng ti€n hanh trong di€u kién

hi€u khi c¢6 chifc ning cung cAp NH," cho t& bao vi khuin d€ tdng hop acid amin.

Phdn tng khit NO5s™ thanh N, chi x3y ra trong diéu kién ky khi. NOs 1a chit nhan
dién tir cudi ciing trong chudi ho hap ky khi, ning lugng tao ra dudc dung dé tdng hop
nén ATP.

NO; — NO, —*NO

Nhém vi sinh vat thuc hién qud trinh phan nitrate hod phan bd rong rii trong dat.
Thudc nhém ty dudng hod ndng c6 Thiobacillus denitrificans, Hydrogenomonas agilis...
Thudc nhoém di dung c6 Pseudomonas denitrificans, Micrococcus denitrificanas, Bacillus
licheniformis...sdng trong diéu kién ky khi, trong nhitng viing dat ngdp nudc.
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D6i véi nong nghiép qud trinh phan nitrate hod 12 mot qua trinh bat 1gi vi né lam
cho dat mat dam. Qu4 trinh nay x4y ra manh trong diéu kién ky khi. Oxy c6 tdc dung tc
ch€ cic enzyme xiic tdc cho qué trinh khit nitrate, d6 1a cdc enzyme nitrate reductase va
nitrite reductase. G cdc rudng lda nudc ngudi ta thudng 1am cd xuc biun dé han ché qua
trinh nay, dong thdi bén dam amodn chit khong bén dam nitrate.

Trong cdc mdi trudng ty nhién ngoai qud trinh phan nitrate sinh hoc néi trén con
¢ quad trinh phan nitrate hod hoc thudng xay ra khi pH<5.5. Céac qua trinh nay khong cé
su tham gia ctia vi sinh vat

NH,Cl + HNO; — N, + HCl + H,O
R-NH, + HNO; — N, + R-OH + H,O

2.5. Qua trinh cé dinh nitrogen phan td (xem phan vi sinh vat hoc dai cuong)

2.6. Sy chuyén ho4 cac hgp chat phosphore ctia vi sinh vat.
2.6.1. Vong tudn hoan phosphore trong tu nhién.

Trong ty nhién, P nim trong nhiéu dang hdp chat khdc nhau. P hitu ¢d c6 trong co
thé dong thuc vat, dugc tich luy trong dat khi dong vat va thyc vat chét di. Nhitng hgp
chat phosphore hitu cd nay dugc vi sinh vat phan giai tao thanh cdc hdp chat phosphore
v co khé tan, mot so it dugc tao thanh dang dé tan. C4c hgp chat phosphore vo co khé
tan ¢ ngudn gdc tir nhitng quing thién nhién nhu apatit, phosphorite, phosphate sit,
phosphate nhom..Nhitng hdp chit nay rit khé hoa tan va ciy trong khong thé hap thu
truc tiép dudc. Cay trong chi c6 thé hap thu dugc khi chiing dudc chuyén hod thanh dang
dé tan. Qud trinh ndy dudc thuc hién mot phan quan trong 12 nhd vi sinh vat phan huy
phosphore v6 co.

Céc mudi cla acid phosphoric dang dé tan dudc cdy trong hap thu va van chuyén
thanh céc hdp chit phosphore hitu co trong cd thé thuc vat. Pong vit va ngudi st dung
cdc san pham thyc vat 1am thic in lai bi€n phosphore hitu co ctia thuc vat thanh P hitu cd
clia dong vat va ngudi. Vong tuan hoan cda cdc dang hgp chit phosphore trong ty nhién
ctt dién ra. Vi sinh vat déng mot vai trdo quan trong trong vong tuan hoan dé. Néu nhu
thi€u sy hoat dong ctia mdt nhém vi sinh vat nio dé thi sy chuyén hod clia vong tuin
hoan s& bi dnh hudng nghiém trong. Vong tuan hoan cda cdc dang phosphore trong tu
nhién dugc bi€u dién nhu so do sau.
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P vO co

/v dé tan \

PvOco P hitu co
khé tan trong dat

™~

Phan P P hitu co
(Chat bai tiét) thuc vat
P hitu co
Pong vat

2.6.2. Su phan gidi phosphore hitu co trong dat do vi sinh vit.

Céc hgp chat P hitu co trong dit c6 ngudn gdc tir xdc dong vat, thyc vat, phan xanh,
phan chudng..Hgp chit phosphore hifu co quan trong nhit duge phan gidi ra tir t€ bao vi
sinh vat la nucleotide.

Nucleotide c6 trong thanh phan nhin t&€ bao. Nhd tic dong clia cdc nhém vi sinh
vat hoai sinh trong dat, chit nay tdch ra khéi thanh phan t&€ bao va dugc phan gidi thanh 2
phan protein va nuclein. Protein s& di vio vong chuyén hod cdc hgp chit nitrogen,
nuclein sé& di vao vong chuyén hod cic hgp chit phosphore.

Su chuyén hod cdc hop chat phosphore hitu co thainh mudi cia HsPO, dudc thuc
hié€n bGi nhém vi sinh vat phan huy phosphore hitu c¢d. Nhitng vi sinh vat nay c¢6 kha nang
ti€t ra enzyme phosphatase dé€ xic tdc cho qud trinh phan gidi. Nhém vi sinh vit phan
giai phosphore hitu cd dugc phat hién tir nim 1911 do J. Stoklasa, 6ng da phan 1ap dugc 3
loai vi khudn c6 kha ning phan huy phosphore hitu cd déu thudc giong Bacillus. Sau d6
ong nudi cAy nhitng vi khuin nay trong mdi trudng chi c6 acid nucleic 1am ngudn P va N
duy nhat va nhan thdy lugng phosphore dugc phan gidi tir 15 d€n 23%. Néu b sung vao
moi trudng mot it (NH,),SO, thi lugng P duge phan gidi ting 1€n. Sau d6 ngudi ta da tim
ra nhiéu loai vi sinh vat c6 kha ning phan huy P hitu cd theo s6 dd tdng quit sau:

Nucleoprotein —— nuclein —— a. nucleic —> H;3PO,
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H;PO, thudng phin tng vdi cdc kim loai trong dit tao thanh cdc mudi phosphate
khé tan nhu Cag(PO4)2, FCPO4, AIPO4

Vi sinh vat phan gidi P hitu co chli y€u thudc 2 chi Bacillus va Pseudomonas. Céc
loai c6 kha nang phin gidi manh 1a B. megatherium, B. mycoides va Pseudomonas sp.

Ngay nay, ngudi ta dd phat hién thdy mot s6 xa khudn va vi ndm ciing c6 kha ning
phan giai phosphore hitu co.

2.6.3. Su phén gidi phosphore vo co do vi sinh vit.

C4c hgp chat phosphore vo cd dugc hinh thanh do qud trinh phan gidi 1An hitu co
(con goi 1a qud trinh khodng ho4 1an hitu c¢d) phan 16n 12 cdc mudi phosphate khé tan.
Cay trong khong thé hap thu dugc nhitng dang khé tan nay. Néu khong cé cdc qud trinh
phan gidi cdc hdp chit phosphore khé tan bi€n thanh dang dé tan thi ham lugng
phosphore tdng s& trong dat diu c6 nhiéu ciing trd thinh vo dung.

Vé cd ché ctia qud trinh phan gidi phosphore vd cd do vi sinh vt cho d&n nay van
con nhiéu tranh cai. Nhung dai do s6 cdc nha nghién citu déu cho riing sy sin sinh acid
trong qué trinh s6ng cia mot s6 nhém vi sinh vat da 1am cho né c6 khd ning chuyén céc
hop chit phosphore tir dang khé tan thanh dang dé tan. Pa sd cdc vi sinh vat phan gidi
phosphore vo co déu sinh CO, trong qu4 trinh séng, CO, sé& phéan tng véi H,O c6 trong
modi trudng tao thanh H,COs;. H,CO; sé phan tng vGi phosphate khé tan tao thanh
phosphate dé tan theo phuong trinh sau:

Caz(PO,), + 4 H,CO3 + H, O —» Ca(H,PO,), + H,O + 2 Ca(HCO3),

Dang khé tan » Dang dé tan Dang dé tan

Céc vi khudn nitrate hod trong dit ciing c6 kh4 ning phan gidi phosphore vd cd do
né c6 kha ning chuyén hod NH; thainh NO5". NO;™ sé& phan tng véi H' tao thanh HNO:;.
Sau d6 HNOj; phén tng v6i mudi phosphate khé tan tao thanh dang dé tan.
Caz(PO,); + 4 HNO; —» Ca(H,PO,), + 2 Ca(NOs),

Cédc vi khuén sulphate hod ciing c6 kh4 ning phan gidi phosphate khé tan do su
tao thanh H,SO, trong qud trinh song.

Ca3(PO4)2 + 2 H,SO, — Ca(H2P04)2 + 2 CaSO,

Ngoai ra cdc nhom vi sinh vat ¢6 khd niang tao thanh cdc acid hitu cd trong qua
trinh song ciing c6 thé 1am cho dang phosphate khé tan chuyén thanh dang dé tan.

Tuyét dai da s6 cdc vi sinh vat phan huy phosphore vo cd trong qu4 trinh s6ng déu
lam gidm pH ctia moi trudng. Tuy nhién, gin diy c6 mot vai tic gid dd cong bd tim ra
mdt vai chiing vi khuén phan gidi phosphore ma trong qué trinh nudi ciy khong 1am gidm
pH modi trudng.

R4t nhi€u vi sinh vat c¢6 khd ning phan gidi phosphore vd cd, trong d6 nhém vi
khuén dugc nghién cttu nhiéu hon c. Céc loai ¢6 kha ning phan gidi manh 13 Bacillus
megatherium, B. butyricus, B. mycoides, Pseudomonas radiobacter, P. gracilis... trong
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nhém vi ndm thi Aspergillus niger c6 kha ning phan gidi manh nhit. Ngoai ra mot s xa
khuén ciing c6 kh3 ning phan gidi phosphore v cd.

2.7. Su chuyén ho4 cac hgp chat luu huynh cia vi sinh vat.
2.7.1. Vong tudan hoan luu huynh trong ty nhién.

Ciing nhu phosphore, luu huynh 1a mot trong nhitng chat dinh dudng quan trong
clia cay trong. Trong dat né thudng & dang cdc hop chat mudi vo cd nhu CaSO,, Na,SOy,
FeS,, Na,S..mot s& & dang hitu cd. Trong co thé sinh vat, S nim trong thanh phin clia cic
acid amin chttu lvu huynh nhu methionin, cystein va trong nhiéu loai enzyme quan trong
khéc. Thuc vat hit cdc hgp chat lvu huynh vo co trong dit chi y&u dudi dang SO,> va
chuyén sang dang S hitu co clia t€ bao. Pong vat va ngudi st dung thuc vat 1am thifc in
va ciling bién S cda thuc vat thanh S clia dong vat va ngudi. Khi dong thuc vat chét di dé
lai mot lugng lwu huynh hitu cd trong dat. Nhd sy phan gidi cia vi sinh vat, S hitu co sé&
dugc chuyén hod thanh H,S. H,S va cdc hgp chat vo cd khdc c6 trong dit sé dudc oxy
hod bdi cac nhém vi khudn ty dudng thanh S va SO,%, mdt phan dugc tao thanh luu
huynh hitu cd cla t& bao vi sinh vat. SO, lai dudc thuc vat hap thu, ¢t thé vong chuyén
ho4 cdc hgp chat lvu huynh dién ra lién tuc. Trong d6 cdc nhém vi sinh vat déng mot vai
trd quan trong khong thé thi€u dudc.

2.7.2. Su oxy hod cdc hgp chét luu huynh.
2.7.2.1. Sy oxy hod cdc hop chdt luu huynh do vi khudn tw duéng hod ndng.

Trong nhém vi khudn ty dudng hod ning cé mdt sd loai c6 kha ning oxy hod céc
hop chat luu huynh vo cd nhu thiosulphate, khi hydro sulfur va Iuu huynh nguyén chat
thanh dang SO,> theo cdc phuong trinh sau:

2H,S+0, — 5 2H,0+2S+Q

2S+30,+2H,0 —» 2H,SO04+Q

5 Na,S,05; + HL O +4 0, —* 5Na,SO4+2S,+H,SO4+Q
Na,S,0¢ + O, — 3 Na,SO4+5H;S04+Q

H,SO, sinh ra 1am pH d4t ha xudng (diét trir dudc bénh thdi do Streptomyces gay
ra va pH thap vi khuin clia mot s6 loai gy bénh cho cay trong khong song dudc).

Ning lugng sinh ra trong qud trinh oxy ho4 trén dugc vi sinh vat si dung d€ ddng
hod CO, tao thanh dudng. Pong thdi mot sd it hop chat dang S ciing dudc ddong hod tao
thanh S hitu c¢d clia t€ bao vi khudn. Cé4c loai vi khuin c6 kh3 ning oxy hod cdc hdp chat
luu huynh theo phuong thdc trén 1a Thiobacillus thioparus va Thiobacillus thioxidans. Ca
hai loai nay déu sdng & pH thap, thudng 1a pH=3, d6i khi & pH=1 — 1.5 hai loai nay vin
c6 thé phat trién. Nhd dic diém nay ma ngudi ta dung 2 lodi vi khuédn trén dé€ 1am ting
d6 hoa tan cia quing apatide.

Ngoai 2 loai vi khudn trén con c6 2 loai vi khuan khdc c6 kha ning oxy hod cédc
hop chit luu huynh v6 cd, d6 1a Thiobacillus denitrificans va Begiatra minima.
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Thiobacillus denitrificans ¢6 kha ning vira khi nitrate vira oxy hod luu huynh theo
phuong trinh sau:

5S + 6 KNO; +2CaCO; —» 2 K;S04+CaSO4+2CO,+3N,+Q

Vi khuén Begiatra minima c6 thé oxy hod H,S hoic S. Trong diéu kién c6 nhiéu
H,S né sé& oxy hod H,S tao thanh S tich luy trong t&€ bao. Trong diéu kién thi€u H,S cic
hat S s& dugc oxy hoa dén khi S du trit hét thi vi khuén chét hodc & trang thdi tiém sinh.

2.7.2.2. Sw oxy hod cdc hop chdt luu huynh do vi khudn tu duong quang ndng.

Mot s& nhém vi khudn tu dudng quang ning c6 kha ning oxy hod H,S tao thanh
SO,*. H,S d6ng vai trd chét cho dién ti trong qud trinh quang hdp cla vi khuin. Céc vi
khuén thudc ho Thiodaceae thudng oxy hod H,S theo phuong trinh sau:

dnh sdng
cO, + H,S + HLO — C6H1206 + H,SO,

Céc vi khudn thudc ho Chlorobacteriaceae thudng oxy hod H,S theo phudng trinh

sau:
dnh sdng
CO; + H,S + HLO ——» C¢H ;06 + S

G nhém vi khuén trén, S duge hinh thanh khong tich 1u§ trong cd thé ma & ngoai
moi trudng.

2.7.3. Su khit cdc hop chdt luu huynh vo co do vi sinh vét.

Ngoai qud trinh oxy ho4, trong d4t con c6é qud trinh khit cac hgp chat luu huynh vo
cd thanh H,S. Qud trinh nay con goi la qua trinh phan sulphate hod. Qua trinh nay dudc
ti€n hanh § diéu kién ky khi, § nhitng ting nudc sdu. Nhém vi sinh vit ti€n hanh qué
trinh nay goi 12 nhém vi khudn phan sulphate ho4.

C¢H,O¢ + 3 H,SO, —— 6 CO, + 6 H,O + 3 H,S + Q

O day chat hitu cd déng vai trd cung cdp hydro trong qud trinh khit SO, ¢6 thé 1a
dudng hoic céc acid hitu co hoic cic hgp chat hitu co khic. H,SO, sé bi khir dan téi H,S.

Qua trinh phén sulphate hoa din dén viéc tich lu§y H,S trong moi trudng lam 6
nhiém moi trudng, 4nh hudng dén ddi song cla thuc vat va dong vat trong moi trudng do.
Lia moc trong diéu kién yém khi c6 qud trinh phdn sulphate hod manh sé& bi den ré va
4nh hudng x4u d€n qud trinh sinh trudng va phat trién cia chiing.
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Chuong 3

SINH TRUGNG VA PHAT TRIEN G VI SINH VAT
3

Sinh trudng va phat trién 13 thudc tinh cd s& cla sinh vat. Ciing nhu dong vat va
thuc vat, vi sinh vat cling sinh trudng va phat trién. Sinh trudng 13 sy ting kich thudc va
khdi lugng clia t& bao, con phat trién (hodc sinh sin) 1a sy ting s6 lugng t&€ bao. Trong
phan nay chiing ta chi y&u dé cip dén sinh trudng va phat trién cdia vi khuin.

Khi n6i v& sinh trudng va phét trién ctda vi khuén tic 1a dé€ cap dén sinh trudng va
phat trién clia mot s6 lugng 16n t€ bao clia cung mot loai. RS rang, viéc nghién ciu &
mdt c4 thé t&€ bao vi khuin qud nhd 13 rat khé.

Tuy nhién, sv ting khoi lugng t€ bao khong phai bao gid ciing dién ra song song
v6i sy ting sinh khoi. Chang han, khi chat dinh dudng trong mdi trudng da can, vi khuin
tuy con phan chia 1 - 2 1an nhung cho 2 -4 t& bao nhd hon t&€ bio binh thudng; trong pha
md diu, sinh khdi vi khudn ting 1én, nhung s6 t& bao khong thay d6i, ngudc lai, vao cudi
pha logarit kich thudc t&€ bao gidm di nhung s6 t&€ bao vin con ting. Vi viy cin phin biét
cdc thong s6 va hiing s6 khac nhau khi x4c dinh s6 lugng hoic khdi lugng vi khuén.

Khi x4c dinh s6 lugng hay khoi lugng cda vi khuin ta thudng dung dich treo dong
déu clia cic t& bao trong mdi trudng dich thé nao d6 ma xdc dinh ndng d6 vi khuin (s6 t&
bao trong 1ml) hodc mat do vi khudn (mg/ml). Tir két qua d6 cdc chi s nay c6 thé tinh
dudgc hiing s6 tdc dd phan chia t&€ bao (thé hién biing s& 1an ting d6i ndng do vi khuin sau
1 gi®) va dai lugng ngudc lai, tic thdi gian thé hé (thdi gian can cho s lugng t€ bao trong
mdt quan thé vi khuin ting gip doi).

Trong diéu kién phong thi nghiém thudng ta theo doi dnh hudng cla cic yé&u td
moi trudng 1én sinh trudng va phdt trién cla vi khuin nhd cdc phudng phdp nudi ciy
thich hgp. Tuy tinh chat thay ddi trong hé vi khuin - mdi trudng ta phan biét hai phuong
phap cd ban nudi ciy vi khuan : nudi ciy tinh va nudi ciy lién tuc.

Mot vi sinh vat trong diéu kién moi trudng thich hop sé& khong ngitng hap thu chat
dinh dudng va ti€n hanh trao d6i chit. Néu qu4 trinh dong ho4 16n hon qué trinh di hod
thi tdng s& nguyén sinh chit (khdi lugng, thé tich, kich thudc) sé khong ngimng ting 1én.
D6 12 hién tugng sinh trudng clia cd thé. Néu qua trinh sinh trudng cin bing thi cdc thinh
phan clia t&€ bao ciing ting 1én theo nhitng ti 1& thich hop, khi dat d€n mdt mitc do nhat
dinh thi s& hinh thanh sy sinh sdn. Khi d6 s6 lugng cd thé ting 1én. C4 thé ban dau sé&
phat trién din 1&n thanh mot quin thé, sy ti€p tuc sinh trudng cia cd thé trong quin thé
tao ra su sinh trudng ctia quan thé.

3.1. MAu Iy thuyé&t vé sinh truéng va phat trién cta vi khuan

Gia st trong mot binh kin chita mot lugng 16n mdi trudng dinh dudng, ta cdy vao
d6 mot t& bao vi khuan. N&u thanh phidn moi trudng hoan toian phi hgp véi nhu cau cla
t& bao, vi khudn sé& sinh trudng, ting khdi lugng va thé tich, tdng hdp cac thanh phin cla

17



t&€ bao (thanh t&€ bao, mang t€ bao chat, DNA, RNA, protein...) cho dén khi kich thudc 16n
g4p d6i. Roi vi khuan phan chia cho hai t€ bao. Hai t& bao nay lai ti€p tuc sinh trudng va
phan chia d€ cho 4 rdi 8, 16... t& bao.

Néu s6 t&€ bao ban dau khong phdi 1a 1 ma 1a N, thisau n 1an phan chia ta s& c6 s6
t& bao tong cong 1a N :

N=N,. 2" (1)

Céc gid tri N va N, c6 thé xdc dinh nhd phong dém hoic tinh s& khuin lac moc
trén moi trudng dic. Con gid tri n (s6 thé hé) ¢ thé tinh nhg logarit thap phén :

logN = logN, + n.log2
Tu do6 :

n= L (logN - logN,) (2)
log2

Vi du vi khuan phan chia n 14n sau thdi gian t, khodng thdi gian giita hai 1in phan
chia lién ti€p (hoic thdi gian can cho viéc ting doi s6 t€ bao) goi 1a thdi gian thé hé va
biéu thi bing g :

t2-1tl

t
= — =log2 3
8 n 8 log N —log No %)

o) day t, - t; biéu thi su sai khdc giita thdi gian ddu (t;) va thdi gian cudi (t,) tinh
bing gi® trong do s6 t€ bao dugc xac dinh. Gi4 tri ddo ngudc clia thdi gian th€ hé hay 1a
a

A

s6 1an phan chia sau mot don vi thdi gian (tdc sau 1 gid) goi 1a hiing s6 tdc dd phan chia

@)

Hing sd toc dd phan chia phu thudc vaio mot s6 diéu kién :
a. Loai vi khuén :
Vidu:d 37OC, C =3 ddi v6i E. coli va C = 0,07 ddi v6i Mycobacterium tuberculosis.
b. Nhiét do nudi cay :

Vi du : E. coli nudi cdy trong nudc thit :

Nhiét do (°C) | Thdi gian th€ hé (phit) | Hing s6 téc do phan chia C
18 120 0,5
22 60 1
30 30 2
37 20 3
42 20 3
43 - 0
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c. Mbi trudng nudi cdy

Khi nudi cdy B. subtitis & 37°C, trong :

- nudc thit C=2
- moi trudng khoang - glucose C=0,8
- mdi trudng khodng - citrate Cc=03

- modi trudng khodng - glucose - citrate C=1,2

D6i véi mot s c¢d chit dad cho hiing s6 tdc do phan chia khong phu thudc vao ndng
do trong mot gidi han rong. Ching han, doi v6i B. subtitis, khi nudi cdy trong mdi trudng
chita glucose, dii ndng dd glucose bing 0,3 hay 50g/1 ta vin ¢6 C = 0,8 ; C chi gidm khi
nong do dudng vuodt ra ngoai cdc gidi han néi trén.

Tuy nhién, khong phai bao gid sinh trudng (ting sinh khdi vi khudn) ciing dién ra
song song vdi sinh sdn (ting s& lugng vi khudn), trudng hdp nay chi gip trong pha logarit.
Vi vay, khi nghién cttu dong hoc trong cdc qué trinh nudi ciy lién tuc ta thudng theo doi
sinh trudng va sinh sin clia quan thé vi khudn bing mot tiéu chuin khic. Ciing c6 thé
biéu thi bing s6 lugng t€ bao nhung phd bi€n hon 1a bi€u thi bing sinh khdi vi khudn,
bing chit kho hay bing mat dd quang hoc ... (cin chi ¥ ring mit dd quang hoc ti 1& véi
sO t&€ bao).

3.2. Sinh truéng va phat tri€n cuia vi khuin trong diéu kién nudi cay tinh.
Pudng cong sinh truéng

Néu theo ddi sinh trudng va phdt trién clia vi khuin trong diéu kién phong thi
nghiém ta nhan thiy so lugng ching ting 1én rat nhanh. Piéu nay d& hi€u, vi vdi diéu
kién thich hgp thdi gian t th& hé (hay néi ding hon, thdi gian ting d6i) clia nhiéu loai vi
khuin chi vao khodng 30 phiit. Rd ring cdc qud trinh sinh téng hdp ciing nhu cic qua
trinh di hod (nhu hd hip) nhim cung c4p nguyén liéu va ning lugng cho cdc phdn ng
tdng hop da dién ra trong t& bao véi toc dd rit nhanh, hoan toan khong thdy & cdc sinh
vat khac. D1 nhién hién tugng ndi trén khong bao gid xay ra vi sinh trudng va sinh san
cia vi khuin trong mot hé thdng déng kin chi sau mot thdi gian nhit dinh, vi nhiéu
nguyén nhin khéic nhau, s€ bi ngung lai.

Phuong phdp nudi cdy ma trong sudt thdi gian dé ta khong thém vao chat dinh
dudng ciling khong loai bd di cdc sin phdm cudi cling clia trao ddi chat goi 12 nudi cdy
tinh. Sy sinh trudng trong mot hé thong nhu vy tudn theo nhitng quy luat bit budc khong
nhitng d6i vdi cdc cd thé don bao ma ca ddi vdi cdc cd thé da bao.

3.2.1. Phalag

Pha nay tinh tir lic bit ddu cdy dén khi vi khuin dat dugc toc dd sinh trudng cuc
dai. Trong pha lag vi khudn chua phén chia (nghia 13 chwa c6 kh3 ning sinh sin) nhung
thé tich va khdi lugng t€ bio ting 1én rd rét do qué trinh tong hop cdc chat, trude hét 12
céc cao phan tif (protein, enzyme, acid nucleic...) dién ra manh mé&. Mot s§ enzyme can
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cho qué trinh tdng hop thudc cdc endoenzyme loai proteinase, amylase va cdc enzyme
nim trong qud trinh chuyén hod glucide, déu dudc hinh thanh trong pha nay.

Do dai clia pha lag phu thudc trude hét vao tudi clia 6ng gidong va thanh phAm moi
trudng. Ching han, pha lag s& khong c6 néu ta dung 6ng giong gdm cic t&€ bao dang &
pha sinh trudng logarit va cdy chiing vio cling mot mdi trudng dusi nhitng diéu kién nuoi
cAy nhu nhau. Trai lai néu ta cdy cdc t€ bao & pha dn dinh hoiic cdc bio ti¥ vio cling mot
mdi trudng dudi nhitng di€u kién nudi cAy nhu nhau, pha lag vin c6. Thudng thudng t&
bao cang gia thi pha lag cang dai. Ro rang nguyén nhin cia pha lag la sy khac biét gitra
cdc t& bao & pha 6n dinh (hoic bao t) vdi cdc t€ bao dang sinh trudng logarit. Trong pha
lag dién ra viéc xay dung lai cdc t&€ bao nghi thanh cédc t€ bao sinh trudng logarit.

Nhung ngay khi diing céc t&€ bao dang sinh trudng logarit ma ciy vio mdi trudng
mdi khdc véi moi trudng trudc day ta van thdy pha lag. Nguyén nhan clia pha lag trong
trudng hdp nay chinh 12 sy thich ¢ng clia vi khuin véi dicu kién nudi cAy méi. Sy thich
ting d6 c6 lién quan vdi su tong hdp cic enzyme mdi ma true day t&€ bao chua cin.. Céc
enzyme mdi nay dudc tdng hop nhd su cdm ng vé6i clia cic co chat mdi.

Viéc tim hi€u d6 dai thdi gian clia pha lag 14 cin thi€t trong viéc phdn dodn dic
tinh cdia vi khuin va tinh chat cia moi trudng.

Nhu ta di biét, pha lag bi€u thi sy thich nghi ctia vi khuin v6i mdt moi trudng da
cho. Trang thdi sinh 1y ctia vi khudn cang xa véi sinh trudng logarit trong méi trudng mdi
thi pha lag cang dai. Nhung y€u t6 thit hai 4nh hudng dén do dai thoi gian clia pha lag 1a
téc d6 clia cdc qud trinh dién ra trong t& bao, trudc hét 1a toc dd tong hop cic enzyme
thich 'ng mdi.

C6 rat nhiu yé&u t6 dnh hudng dén pha lag. Pdng chd y nhat la 3 y&u t6 sau day:

- Tubi gidng cay : Tudi clia quin thé gidng ciy tifc 1a chiing dang & giai doan
sinh trudng nao, c6 dnh hudng rat rd dén pha lag. Thuc nghiém ching minh
néu giong cdy & giai doan pha lag (hay pha chi s6) thi pha lag s& ngin.
Ngugc lai néu gidng c4y & pha t vong thi pha lag & vat nudi sé& kéo dai.

- Lugng cdy gidng : néi chung ludng ciy gidng nhiéu thi pha lag ngdn va
ngugc lai. Trong cong nghiép 1én men ty 1& ciy gidng thudng & mitc 1/10.

- Thanh phan méi trudng : Mdi trudng c6 thanh phan dinh dudng phong phi
(thudng 12 mdi trudng c¢6 cd chat thién nhién) thi cho pha lag ngin. Trong
cong nghiép 1én men thanh phin cda mdi trudng 1én men thudng trdnh sai
khdc nhiéu so véi thanh phan clia moi trudng nhan gidng.

3.2.2. Phalog

Trong pha nay vi khuén sinh trudng va phat trién theo luy thira, nghia 13 sinh khoi
va s0 lugng t& bao ting theo phuong trinh N = N, . 2 hay X = X, . ¢*". kich thudc cla t&
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bao, thanh phan ho4 hoc, hoat tinh sinh 1y ... néi chung khong thay ddi theo thdi gian. T&
bao & trang thai dong hoc va dudc coi nhu 13 “nhitng t€ bao tiéu chuin”.

Néu ta 13y truc tung 13 s6 t&€ bao, truc hoanh 13 thdi gian ta s& c6 dudng biéu dién

la dudng cong 1.
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Sinh trudng theo Iy thua cia cic vi sinh vjt ddn bao
I - Phuong phip thong thudng bifu dién két qua
I - Thang logarit
N = S6 t€ bao

Mot dd thi nhu vAy rd rang khong cé 1di cho viéc tinh todn. Cho nén ngudi ta
thudng 14y truc tung 13 logarit ctia sd t€ bao va dudng bi€u dién sinh trudng theo lu§ thira
clia vi khuin sé& 12 dudng thing. Vi pha sinh trudng theo lu§ thira ctia vi khuin dugc biéu
dién bing sy phu thudc theo dudng thing giita thdi gian va logarit cla s6 t& bao nén pha
nay dudc goi 12 pha logarit. Hon nita, ngudi ta thudng dung logarit cd s6 2 1a thich hop
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hon c3 vi sy thay d6i mot don vi cdia log, trén truc tung chinh 1a sy ting doi sd lugng vi
khu4n va thdi gian can dé€ ting mot don vi clia log, lai 12 thdi gian thé hé.

Ba thong s6 quan trong clia pha log 12 thdi gian thé hé (hoic thdi gian ting doi) g,
hiing s6 toc do phan chia ¢ va hiing s6 toc do sinh trudng p. Néu xac dinh thdi gian thé hé
g theo s6 t&€ bao bing phuong phdp néi trén ta sé& nhian dudc gid tri trung binh. Trén thuc
t&, trong mot quan thé vi khuan ludn ludn c6 mot so t&€ bao khong cé kha ning phan chia.
Vi vay cdc t€ bao phan chia manh thudng c6 thdi gian th€ hé nhd hon gia tri trung binh
tim thdy. Céc hiing s& ¢ va p ¢6 thé tinh dugc tir phuong trinh :

_log, X, —log, X,
Ing e(tz _tl)

Céc hiing s nay thay d6i tuy theo hang loat y&u t& moi trudng va diéu kién nudi
cdy. Tuy nhién trong diéu kién thi nghiém c6 thé diéu chinh sao cho t6c do sinh trudng
ctia vi khuin chi min cdm, nghia 13 chi phu thudc vao mot yé&u td, con cdc yé&u tdc khic
clia moi trudng khong c6 dnh hudng gi. Trong trudng hgp nhu vay yéu t8 di cho 1a yé&u t&
han ch€ t6¢ do sinh trudng. Monod (1942) 1a ngudi dau tién da chitng minh ring néu tat
cd cdc chat dinh dudng déu & ndng dd du thira trir mot chat han ché thi hiing so tdc do
phan chia (hoic sinh trudng) sé& 12 ham s& cta néng dd chat dinh dudng han ché nay.
Chat dinh dudng han ch€ cé thé 1a dudng (saccharose, glucose) acid amin (tryptophan,
arginin), chat vo cd (phosphate, CO,).

Sinh truéng theo luy thira ctia mot vi khuiin c6 thdi gian th& hé 1a 20 phut

Thoi gian | S6 1an phan S6 t€ bao bi€u thi bing

(phit ) chia s0 sd hoc log, log ;o
0 0 1 0 0,000

20 1 2 1 0,301

40 2 4 2 0,602

60 3 8 3 0,903

80 4 16 4 1,204
100 5 32 5 1,505

Vi vy Monod d3 néu lén mot cich twong ty mdi quan hé gitta cdc hiing s6 ¢ va p
vdi ndng do chit dinh dudng han ché& qua cdc phuong trinh :

C=Cpax 5]
K, +[5]

\ _ [S]
va :u_:umax K —[S]

O d4Y Cmax VA Hmax 140 lugt 12 hiing s8 t6c do phan chia va hiing s6 t6c do sinh
trudng cuc dai, K 12 hiing s6 bdo hoa va [S] 1a ndng d6 chat dinh dudng han ché. Giong
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nhu hiing s& Michaelis k,,, hiing s6 bdo hoa K, biéu thi 4i luc cia t&€ bao d6i vdi chat dinh
dudng : Gid tri cia K cang nhd thi 4i luc cang 16n. P6 12 ndng d6 cda chat dinh dudng

~ N2 z ? *Z . : ~ 1 14 . 2 A g
han ch€ ma ¢ d6 p dat dudc nua gia tri cuc dai, tic g=——. Gid tri cua K thudng rat
Himax

thap.

Mot so hiing s biao hoa

Vi sinh vat ChAat dinh dudng han K,
ch&
E. coli glucose 4mg/1
E. coli mannitol 2mg/1
E. coli lactose 20mg/1
E. coli glucose 7,5mg/1
E. coli tryptophan 0,2 dén 1,0 pg/l
E. coli tryptophan 0.4 ng/l
M. tuberculosis glucose 3,9ng/l
A. aerogenes phosphate 0,6mmol/1
B. megatherium 0, 3,1.10° mol/l
E. coli 0, 6,0 . 10" mol/l
0, 2,2.10° mol/l

3.2.3. Pha 6n dinh

Trong pha nay quan thé vi khuin & trang thdi cin biing dong hoc, s6 t€ bao mdi
sinh ra bing s6 t€ bao cii chét di. K&t qua: s6 t€ bao va cd sinh khdi khong ting ciing
khong gidm. Toc d6 sinh trudng bay gis phu thudc vio ndng d6 cd chat. Cho nén khi
gidm ndng d6 cd chat (trude khi co chat bi can hoan toan) tdc dd sinh trudng cia vi khuin
ciing gidm. Do d6 viéc chuyén tir pha lag sang pha &n dinh dién ra dan dan.

Nguyén nhén ton tai clia pha 6n dinh 12 do sy tich lu§ cdc sdn phdm doc clia trao
ddi chat (cdc loai rudu, acid hitu co) va su can chit dinh dudng (thudng 12 chat dinh
dudng c6 ndong dd thiap nhat). Nguyén nhan thi nhat rat phifc tap va khé phan tich,
nguyén nhan thif hai da dugc nghién cttu k§ hon. Su ting sinh khdi tong cong ty 1& thuan
vdi ndbng d6 ban diu clia chat dinh dudng han ché.

G=K.c

O day G 1a do ting sinh khéi tdng cong, ¢ 12 ndng do ban diu ciia chat dinh dudng
han ché. K 12 hiing s6 hiéu suit :

K=G/c
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Hing s& hiéu suit K thudng dudc bi€u thi bing s6 mg chit khd d6i v6i 1mg chat
dinh dudng. D6i véi cdc dudng, K thudng dao dong khodng tir 0,20 dén 0,30 nghia 1a tir
100mg dudng dudc tao thanh 20 - 30mg khdi lugng kho cia t€ bao.

Can chd y ring ngay trong pha 6n dinh c6 thé dién ra cdc qué trinh nhu st dung
chat dinh dudng, phdn huy mot phan ribosome. Nhitng t€ bao man cdm sé& chét trudc,
nhitng t&€ bao khdc con tdn tai mot thdi gian cho tdi khi ndo viéc oxy hod cdc chat dy trit
hoidc cic protein ciia t€ bio dd can. Lugng sinh khdi dat dugc trong pha 6n dinh goi 1a
hiéu suat hodc sdn lugng. Sén lugng phu thudc vao tinh chit va s6 lugng cdc chit dinh
dudng st dung va vao diéu kién nudi cdy. P6 1a su sai khdc giita s6 lugng vi khudn cuc
dai va khoi lugng vi khudn ban dau.

X = Xnax - Xo
Pai lugng nay dugc bi€u thi bing gam.
3.2.4. Pha tit vong

Trong pha nay s6 lugng t&€ bao song c6 khd niing sdng gidm theo luy thira (mic di
s6 lugng t& bao tong cong cé thé khong gidm). Poi khi cdc t€ bio ty phadn nhd céc
enzyme cla ban than. O cdc vi khudn sinh bio ti thi phic tap hon do qué trinh hinh thanh
bao ta.

Thuc ra chua c6 mot quy luat chung cho pha tir vong. Su chét clia t&€ bao c6 thé
nhanh hay chim, c6 lién quan dén sy tu phan hay khong tu phan. Do stc song 16n, bao ti
bi chét chAm nhit (trong nhitng diéu kién thich hgp nhu kho va nhiét do thdp bao ti c6
thé duy tri dugc kha ning s6ng hang trim nim). Nguyén nhén clia pha tif vong chua thit
rd rang, nhung c6 lién quan vdi diéu kién bat 1gi clia moi trudng. Trong trudng hdp moi
trudng tich Iu§ cdc acid (Escherichia, Lactobacillus) nguyén nhin clia sy chét t&€ bao
tuong ddi dé hi€u. Nong dd chat dinh dudng thdp dudi mic cAn thiét, sé 1am gidm hoat
tinh trao d6i chat, phan huy din dan cdc chat du trit va cudi cing din dén sy chét clia
hang loat t& bao. Ngoai dic tinh ctia ban than chiing vi khuin, tinh chit clia cdc sdn phdm
trao d6i chat tich luy ciing 4nh hudng dén tié€n trinh clia pha ti vong.

Mot s enzyme thé hién hoat tinh xic tdc cuc dai trong pha t& vong nhu
deaminase, decarboxylase, cdc amilase va proteinase ngoai bao. Ngoai chiic ndng xuc
tdc mot sO qua trinh tdng hop nhitng enzyme néi trén chi yéu xtc tdc cdc qud trinh phan
giai.

To6c dd t vong cua t€ bao c6 lién quan truc ti€p dén thyuc tién vi sinh vat hoc va k§y
thuat, d6 12 van dé bdo quin cdc chling vi sinh vat quan trong vé mit 1y thuyét (cic
ching va cdc bi€n ching dic biét) va k§ thuat (cdc chling sinh chit khdng sinh, acid amin,
vitamine... véi sdn lugng cao). Ngoai khd ning sdng ta con cian bdo quan ci cdc dic tinh
di truyén clia vi khuin. C6 nhiéu phuong phdp bdo quin khdc nhau, nhung tit cd déu
nhim lam gidm trao d8i chat dén t6i thi€u chli y&u bing cich gidm nhiét dd va do Am.
Sau ddy 1a mot s6 phuong phdp thudng dung trong viéc bdo quin vi sinh vt :
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a. CAy chuyén thudng xuyén trén thach nghiéng hoic trich sdu vao thach. Sau khi da
sinh trudng, vi khuén dugc giit trong ti lanh & + 4°C. Phuong phdp nay don gidn
nhat va thudng dugc dung, nhung kém hiéu qud nhAit.

b. Bdo quan dudi dau vd tring : diu parafin vira ngin cdn moéi trudng khd vira 1am
gidm trao d6i chat do can trd sy xAm nhap clia oxy.

c. B3o qudn trong cit hodc dat sét vo triing : Do ciu tric 1y - hod cat va dat sét déu
12 nhitng vat chat t6t mang céc t&€ bao vi sinh vat, chli yéu 1a cdc bao t. Sau khi
1am kho khong khi cdt (hodc dit sét) ciing vdi vi khuin cé thé bdo quin t& bao rit
lau.

d. Pong kho ; 1a phuong phdp hoan thién va c6 hiéu qua nhat. Vi khuidn dugc tron véi
moi trudng thich hgp (sita, huyét thanh,...) rdi 1am lanh va 1am khd nhd bing khd.
Sau miy nim bdo quén t& bao van giit dudc kha ning séng ma khong bi bién ddi
vé di truyén.

e. Bdo quén trong glycerin (10%) va giif trong td lanh siu (-60°C hay -80°C) : Pay Ia
phuong phdp rat thich hgp nhung cAn mua dudc loai 6ng nhya chiu nhiét (khi khi
trung).

3.3. Sinh truéng cia vi khuin trong qua trinh nudi ciy lién tuc

Trong phuong phdp nudi cdy tinh néi trén, cic di€u kién moi trudng ludn ludn thay
ddi theo thdi gian, mat do vi khuin ting 1én con néng do co chit gidm xudng. Vi khuin
phdi sinh trudng va phat trién theo mdt s6 pha nhat dinh, sinh khéi dat dugc khong cao.
Tuy nhién trong nhiéu nghién cttu va thyc ti€n sin xuit ta can cung cap cho vi sinh vt
nhitng diéu kién &n dinh d€ trong mot thdi gian dai ching cé thé van sinh trudng trong
pha log. Di nhién & mdt mic d6 nio dé c6 thé ciy chuyén t&€ bao nhiéu 1an (qua nhiing
khodng thoi gian ngdn) vao mdi trudng dinh dudng méi . Nhung don gidn hon, ngudi ta
dua lién tuc mdi trudng dinh dudng mdi vio binh nudi cdy vi khudn ddng thdi loai khdi
binh mdt lugng tuong tng dich vi khuin. Py chinh 14 cd s& clia phudng phap nudi ciy
li€n tuc trong chemostat va turbidostat.

Gi4 sl ta c6 mot binh nuoi cdy trong d6 vi khuin dang sinh trudng phat trién, cho
chdy lién tuc vao binh moi trudng méi c¢é thanh phan khong d6i. Thé tich binh nuoi cdy
dugc giit khong ddi, nghia 13 dong mdi trudng di vio dudc bl bdi dong moi trudng di ra
c6i cing toc do.

Ta goi thé tich binh 12 v (lit) 13 tdc dd vao clia moi trudng dinh dudng, tdc dd dong
di vao 1a f (lit/gi®). Do d6 toc dd pha lodng (con goi 1a hé s6 pha lodng) D 1a f/v. Pai
lugng D biéu thi sy thay ddi thé tich sau 1 gid.

Néu vi khuan khong sinh trudng va phdt tri€n, ching sé& bi rit khdi binh nudi cay
véi toc dd :

_9X
dt
O day X 1a sinh khéi t&€ bao (g/l).

D.X
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Téc dd sinh trudng clia quan thé vi khuin trong binh cho bdi phuong trinh :
dXx
vVi=—=uX
a
toc do thay d6i cudi cling (ting hodc gidm) mat do vi khuén trong nudi ciy lién tuc 1a su
sai khéc gifta toc do ting va toc do gidm v :
__dXx
v=v-v= — =(qu-DX
dt
Néu p < D gid tri v = dX/dt c6 gid tri duong, nghia 13 mat do vi khudn trong binh
ting, ngudc lai néu p < D, v s& ¢6 gid tri Am va mat dd vi khudn trong binh gidm. Trong
trudng hdp dic biét p = D ta c¢6 v = 0, nghia 12 mat dd t€ bao khong ting khong gidm
theo thdi gian, quin thé vi khuin & trong trang thai cAn bing dong hoc.

Néu binh thi nghiém c6 thiét bi duy tri sao cho u ludn ludn bing D ta s& thu dugc
quan thé€ vi khuén sinh trudng va phat trién theo luy thira thudng xuyén & mot mat do t&
bao khong d6i va khong phu thudc vao thdi gian. Trong trudng hdp nhu vay khong nhitng
kich thudc trung binh clia t&€ bao, trang thdi sinh 1y cda chiing ma cd moi trudng nudi ciy
déu khong ddi va khong phu thudc vao thdi gian. Piéu nay, mot mit tao diéu kién cho
viéc nghién citu sinh trudng va sinh 1y cda t&€ bao vi khuin, mit khic cai thién qud trinh
sdn xuét vi sinh vat & quy mo cong nghiép.

Chemostat va turbidostat 13 hai thi€t bi nudi cdy trong d6 ta c6 thé duy tri dudc
diu kién p=D

Chemostat gdbm mot binh nudi cdy, dung dich dinh dudng tir mdt binh dy trit chdy
vio diy v6i mot toc dd khong ddi. Nhd thong khi va khudy co hoc binh nudi ciy dudc
cung cAp day di oxy va bdo ddm viéc phin bd nhanh va déng déu cic chat dinh dudng
trong dong moi trudng di vao. Theo miic dd vao cla moi trudng ma dich vi khuin dugc
rat khéi binh mét cach thich hgp.

Sinh trudng clia vi khudn trong chemostat dugc diéu chinh bdi ndng d6 co chat.
Chat dinh dudng han ché& nay c6 thé 13 mot thanh phan chl y&u ndo d6 clia mdi trudng.
Ph6 bién hon ca 13 ngudn carbon va ning lugng, nhung thudng ngudi ta cling chon ngudn
nitrogen, phosphore, luu huynh hoic Mg**. Nhu di néi trén, p 12 ham sd cia ndng do
chat dinh dudng han ché.

W = Hmax

Nghia 12 ¢6 vO s6 hing s6 p tif i = 0 dén P = py.y (hing s6 toc do sinh trudng cuc
dai dat dugc khi bao hoa co chit) tuy theo ndng dd chit dinh dudng han ché sao cho mat
dd vi khuan trong binh khong bi gidm. Nhu thé s& cé mot téc do pha lodng Dy, & d6 sinh
khdi vi khuén dat dudc cuc dai, nghia 13 Dy, - tmax.

Trdi vGi chemostat hoat ddng ctia turbidostat (tir chir turbidity = d6 duc) dwa vao
viéc duy tri mat d6 (hodc dd duc) vi khudn khong d6i. TE bio quang dién do d6 duc diéu
chinh méi trudng di vao binh qua mot hé thdng role. Trong binh nudi ciy tat ca chit dinh
dudng déu & ndng @6 du thira va vi khuin sinh trudng vdi tdc dd gan cuc dai.
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Né&u mat do t€ bao ting qua gid tri can thiét thi hé s6 pha lodng sé& ting va phan t&
bao thira bi loai ra ngoai (vi D > py,,). Ngudc lai n€u mat do t€ bao gidm xudng dudi
mifc chon lya hé s6 D lai gidm va mat do t€ bao sé& ting (Vi ppax > D). k€t qué cia sy
di€u chinh 12 duy tri cho hé s6 pha lodng D = .

R& rang vé mit k§ thuat phuong phdp turbidostat phifc tap hon chemostat.
Tém lai, c6 nhitng sai khac chinh giita nudi c4y tinh va nudi c4y lién tuc:

Nudi ciy tinh dugc xem nhu 12 hé thdng déng, quan thé t& bao sinh trudng trong
d6 phai trdi qua cdc pha m& du logarit, 6n dinh va tif vong. Mdi pha sinh truéng dudc
dic trung bdi nhitng diéu kién nhat dinh. Viéc diéu khién tu dong khé thuc hién.

Nudi cay lién tuc, trdi lai, 13 hé thong mé c6 khuynh huéng din dén viéc thiét 1ap
mdt cin bing dong hoc. Y&u t6 thdi gian § day, trong pham vi nhat dinh, bi loai trit. TE
bao dugc cung cAp nhitng diéu kién moi trudng khong d6i, nhd viéc diéu chinh tu dong.

3.4. Lam dong bo sy phan chia t& bao

Binh thudng quin thé vi khuin dang sinh trudng va phan chia 13 mot hdn hop t&
bao & cdc pha sinh trudng rat khdc nhau ciia sy phin chia t&€ bao, nghia 1a vao lic bat ky,
trong moi trudng nudi cdy ta cé thé ddng thdi gip cdc t&€ bao vira phan chia xong, sip
phan chia hodc & nhitng giai doan k€ ti€p. Tuy nhién, mudn nghién citu cdc qud trinh trao
ddi chat trong sudt chu ky phan chia t&€ bao ta cAn c6 mot quan thé vi khudn trong d6 cdc
t&€ bao phan chia dong thdi (ddng bo). C6 thé 1am dong bd su phan chia t&€ bao bing mot
phuong phip nhan tao nhu thay déi sinh 1y t& bao hodc dua vao viéc chon loc co hoc cdc
1€ bao c6 cung kich thudgc.

Phuong phap sinh 1y 1am déng bod su phan chia t€ bao phd bién 12 phudng phédp
giy chodng nhiét. Nhu ta biét, trong nhitng di€u kién nudi cidy binh thudng & nhiét do
thich hgp (& vi khuan 1a 30°C, 37°C) cdc qué trinh tdng hdp phan 16n cdc cao phén tir
(DNA, RNA, protein) dién ra song song va & trang th4i cAn biing. Biing cdch gidm nhiét
dd ta s& pha huy cin bing nay. Trong khi tong hgp DNA con ti€p tuc mot thdi gian thi
viéc tdng hop RNA va protein bi ngitng. K&t qua 1a sy phan chia t€ bao ciing bi ngling.
Néu phuc héi lai nhiét d thich hdp ban dau thi chi sau mot thdi gian lag ngin, t&€ bao sé
bit dau phan chia nhung by gid phin chia dong bo tifc 12 phan 16n t& bao déu phan chia
trong mdt khodng thdi gian tuong ddi ngin. Sau khi ning nhiét dd qud trinh tdng hdp
RNA va protein duge phuc hdi con ham lugng DNA vin & mifc ban diu tuong tng véi
chiing két thiic nhan ddi clia nhiém sic thé.

Tuy nhién, sy phan chia dong bd, khong phdi 1a trang thdi bén vitng , chi sau vai
th& hé tinh ddng bd lai bi pha huy va quan thé vi khuin lai 13 mdt hdn hop t& bao & cdc
pha phan chia khic nhau.

Phuong phdp ning cao nhiét d6 di dugc Gng dung dau tién v6i dong vat nguyén
sinh (Tetrahymena).

Viéc phan tich sinh 1y cdc t€ bao phin chia déng bd chitng minh ring do sy phd
huy thi¢ ty binh thudng clia sy phan chia nhiém sic th€ va sy phan chia t€ bio ma giy
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nén hién tugng sinh trudng mait cin biing d6 12 nguyén nhan clia sy phin chia dong bd.
Nhu ta bi€t diéu kién d€ md dau viéc phan chia t&€ bao 1a sy két thic qué trinh nhan doi
nhiém sic thé. Mit khac, mot khi da & trong trang thai nhan d6i nhiém sic thé s& doc lap
véi cdc di€u kién sinh trudng va chu trinh nhin d6i s& hoan thanh ngay khi tong hop
protein bi kim hdm béi cloramphenicol hoic bdi thi€u mot acid amin chd yéu.

Trén co sd ctia nhitng két qua nay ta cé thé hiéu dugc nguyén tic 1am ddng bo
khong phdi chi bing gy chodng nhiét ma néi chung bing moi tic dong khic dén trang
th4i sinh 1y binh thudng cia t&€ bao. Nhiét do thdp 1am nging tdng hop RNA va protein
nhung viéc nhian do6i nhiém sic th€ vin dudc hoan thanh mic du véi tdc dd cham. Do
tdng hgp RNA va protein bi kim him ma sy phan chia t€ biao va sinh trudng ciing bi
nging. Bdi vi d& hiéu ring, tdng hdp protein 12 ciAn khong nhitng cho viéc mé& diau mot
chu trinh nhian d6i méi ctia DNA ma ca cho viéc tdng hgp cdc enzyme va cdc ciu triic
can thiét ddi v6i sy hinh thanh vach ngin ngang. Con sinh trudng bi ngling thi ¢6 thé hi€u
rang vi protein 12 thinh phan chd yé&u cla t&€ bao va sinh trudng doi hdi c6 nhitng enzyme
thudng xuyén hoat dong khong nhitng tham gia vio cic qud trinh sinh tdng hgp ma ca
vio cdc qud trinh phan gid (qud trinh cung cip ning lugng va cic tién chat cho viéc tong
hdp). Nguyén nhan tryc ti€p cla sy phan chia dong bd sau khi phuc hoi nhiét do thich
hdp 12 trang thdi giong nhau clia sy nhan ddi nhiém sic thé. Vao cudi lic gdy chodng
lanh t4t ci vi khuin déu chita mot nhiém sic thé dd nhan d6i, bat ké t&€ bao di § giai
doan nao clia sy nhan d6i khi ha nhiét do. Viéc phuc hdi nhiét @6 din dé&n viéc hoat dong
ddng thdi cia cac qua trinh k€ ti€p su nhan ddi : phan ly nhiém sic thé va hinh thanh céc
vach ngang.

Mot phuong phap sinh 1y khic 1am déng bd sy phan chia t€ bao 13 thay d6i thanh
phan clia mdi trudng.

Néu vao mot Iic nao dé ta loai khdi moi trudng nudi cdy mot chdt dinh dudng
hodc mdt chat trao d6i chli yéu nao dé vi khuin sé& sinh trudng mat cin bing : sau khi
phuc hoi ndng do chit nay, t&€ bao s& phan chia ddng bo. Ching han, c6 thé gy d6i timin
trong thdi gian ngdn & cac bi€n ching E. coli trd dudng ddi vdi timin hodc gy d6i mot s
acid amin can thi€t cho sinh tdng hdp céc protein clia t& bio.

V& nguyén tic lam ddng bd su phin chia t€ bio bing giy d6i acid amin ta c6 thé
gidi thich nhu sau: Trong trudng hdp nay tdng hgp RNA va protein bi ngitng ngay nhung
qud trinh nhan ddi nhiém sic thé, n€u dd md diu, van c6 thé dién ra cho dé&n khi hoan
thanh. Nguyén nhian & diy lai 1a sy sinh trudng mit cAn bing trong thdi gian d6i acid
amin. Vi buéc mé ddu mdt chu trinh nhian ddi mdi lién quan chit ché dén tdng hop
protein nén nhiém sic thé cia tit cd vi khudn sau khi d3 nhan doi thi ngiing lai. Viéc
thém acid amin sé& phuc hdi tong hgp RNA va protein, do d6 ciing kich thich phan itng md
dau chu trinh nhan d6i mdi sau khi cdc nhiém sic thé nhan d6i di dugc phan ly. Nhu thé
lam déng bo sy phan chia t€ bao 12 hiu qua clia viéc 1am déng bo sy phan chia nhiém sic
thé.

Nguyén tic 1am dong bd bing giy d6i timin, tir quan diém téng hop DNA, vin
chua dugc gidi thich. Viéc loai bé timin cling ddng thdi 1am ngitng tdng hgp DNA, nghia
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1a cdc t&€ bao trong quin thé chita nhiém sic thé & cdc giai doan khidc nhau cla su nhan
doi. Khodng thoi gian gy d6i khong duge qua gidi han 30 - 45 phit, néu khong sau dé t&
bao s& chét vi thi€u timin. Pay 13 qué trinh khong thuin nghich, khong thé loai bd bing
cach thém diy dd timin.

Phuong phdp chon loc cd hoc xuat phét tir thuc t& cdc t€ bao cd thé vao thdi ky
trudc khi phan chia déu ting thé tich. Trong mot quin thé vi khudn sinh trudng dudi
nhitng diéu kién binh thudng, nhitng t&€ bao nhd nhat chinh Ia nhitng t€ bao vira phan chia
xong. N&u chon loc riéng nhitng t€ bio niay ta sé& thu dudc cdc vi khudin ma sau khi nudi
cay ti€p s& phan chia déng bo. Ngudi ta da dung cdc mang loc c6 kich thudc 16 tuong dng
véi cdc vi khudn nhd nhat, két qua cho kha tot. Ngoai ra ciing ¢ thé€ chon loc bing cich
ly tAm céc t€ bao.

Y nghia ciia viéc 1am ddng bd sy phan chia t€ bao 1a & chd né cho ta khi ning
nghién ctfu mot quan thé t&€ bao dong nhit, nghia 13 trong d6 cdc dic tinh hinh thdi va
sinh 1y cia mot t& bao tuong ng v4Si clia ci quin thé. Nhd dé ta c6 thé ching minh dudc
ring cdc thanh phan cla t&€ bao vi khuin khong dudc tong hgp vdi tdc dd nhu nhau vao
thdi gian giita hai 1an phan chia. Ching han, trong qud trinh phan chia t& bao Azotobacter
vinelandii ngitng tdng hdp DNA nhung ting cudng tong hdp céc acid amin tu do. Tri lai,
ham lugng RNA va protein tdng nhu nhau trong pha nay.

3.5. C4c phuong phap xéc dinh sinh truwéng va phat trién cia vi khuin

S6 lugng t&€ bao va sinh khoi mic dii ¢c6 mdi lién hé theo ty 1é thudn y = kx nhung
moi lién hé nay chi ding trong diéu kién thi nghiém rit han ché&, khong c6 y nghia phd
bién. Piéu nay chinh 1a do kich thudc va khdi lugng cia tirng vi khuin thay d6i tuy theo
loai va chling, trong qua trinh sinh trudng thi phu thudc vao thgi gian (& cac pha cia
dudng cong sinh trudng), vao tdc do sinh trudng, thanh phan mdi trudng nudi ciy va vao
diéu kién nudi cdy. Vi viy trong viéc theo di sinh trudng va phat trién clia vi khuin can
phan biét cdc phuong phdp x4c dinh s6 ludng t€ bao va sinh khoi.

3.5.1. Cdc phuong phdp xdc dinh s6 luong té bao

Trong mdt quan thé vi khudn khong phai moi t&€ bao déu c6 kha ning sdng. Nhitng
vi khudn goi 12 sng phai tao thanh khuén lac trén (hoic trong) mdi trudng thach va phat
trién trong moi trudng dich thé. Do d6 tuy theo muc dich thi nghiém ta c6 thé x4c dinh s&
lugng t& bao tdng cdng (ci t€ bao song va chét) hoic s6 ludng t&€ bao song.

Pé€ xdc dinh sd lugng t& bio tong cong ngudi ta thudng diing phuong phdp dém t&
bao truc ti€p dudi kinh hién vi nhd cdc “phong d€m” (phong d€m Neubauer, Thom hoic
Petrof - Hauser). N&u chiéu day cta 16p dich chita vi khudn 13 0,02mm va canh hinh
vudng 1a 0,05mm (thé€ tich 5.10%cm’) thi mudn xdc dinh s6 lugng t€ bao trong 1ml phai
nhén sd tim thdy vé6i 2.10”.

Can chd ¥ 12 sau khi t€ bao vao “phong d€m” phdi dgi mot thdi gian d€ vi khudn
ldng va nim trong mot mit phing quang hoc. N&u t& bio chuyén dong tich cuc phai diing
formaldehyde giét chét truc.
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C6 thé dung k¥ thuat nhudm dic biét d€ phan biét t& bao song va t& bio chét. Do
t&€ bao song c6 mang sinh chat hoat dong, khong thim thudc nhudém nén hai loai t&€ bao
bit mau khong gidng nhau. Ching han dé congo chi nhudm mau t& bao chét con t& bao
song khong mau. Tuy nhién, két qud nhudém mau phu thudc vao nhiéu yé&u td : loai vi
khuén, d6 pha loing ctia thudc nhudm, pH...Vi du, cic t& bao song cta C. acetobutylicum
bit mau xanh va cdc t€ bao chét bit mau dd khi dung Acridin orange véi nong dd 1 :
10.000. K&t qua s& ngudc lai néu dung Acridin orange 1 : 5.000.

Trong trudng hop xdc dinh s6 ludng t& bao sdng ngudi ta thudng d€m s& khuin lac
tao thanh bdi cdc vi khudn song trong diéu kién sinh trudng thuin Idi. Dich treo vi khuin
dugc pha loing va mot thé tich nhit dinh dudce dua 1én mdi trudng thach trong hop petri.
Sau khi nudi cidy ngudi ta dém s& khudn lac moc 1én. Né&u gid du ring mdi t& bao tao
thanh mot khuén lac thi d€m s6 khudn lac ta s& d€m dudc s t€ bao song. TAt nhién diéu
nay khong diing ddi vdi cdc vi khudn moc thanh chudi, thinh d6i hay thinh ddm hoic doi
véi cdc dich treo vi khudn khong déng nhat. Ngoii ra ciing cAn chon d6 pha lodng vi
khu&n thich hgp sao cho s& khuin lac khong it (kém chinh x4c), khong nhiéu (khuén lac
c6 thé bi sit vio nhau va 2 t&€ bao c6 thé cho 1 khuin lac). Thudng trén mot hdp thach so
khuén lac tir 40 - 400 1a thich hdp.

S& khuan lac ciing rit phu thudc vao thanh phin moéi trudng. T€ bao moc thanh
khu&n lac trén moi trudng nay khong nhat thiét cling cho xuat hién khudn lac trén moi
trudng khic.

Véi mot s loai vi khuan khé phat trién trén moi trudng thach ngudi ta c6 thé kién
tra s6 lugng bing phuong phdp pha lodng lién ti€p sau d6 cdy tir mdi do pha lodng 1ml
vao titng dng dung mdi trudng chi thi (n€u ¢é 1 vi khuin dua vao cling di cho phin tng
duong tinh sau khi nudi cdy). Phuong phdp nay goi 1a phuong phdp s6 luong c6 kha niing
nhat (MPN, Most Probable Number). Cé thé cdy vao 5 dng va 1dy s6 liéu & 3 d6 pha
lodng cudi (c6 phan tng duong tinh) rdi tra bing dé tim ra s& lugng gan ding mat do vi
khu4n.

Con c6 thé€ loc chat dich qua mang loc vi khudn réi dit mang loc 1én dia moi
trudng thach d€ ki€m tra s6 khuén lac s& moc va suy ra mat do vi sinh vat trong chat dich.

3.5.2. Cdc phuong phdp xdc dinh sinh khoi t&¢ bao

Viéc chon phuong phap dé xac dinh sinh khoi vi khuin tuy thudc vao muc dich
nghién citu. Ching han, mudn ddnh gid sin lugng t&€ bao thi ta cin sinh khdi tuci hoic
kho sau khi di ly tAim t€ bao; muén xdc dinh cudng do trao ddi chat hay hoat tinh men,
ngudi ta lai tinh ham lugng protein hoic nitrogen. Nhu vay, trong thuc t&€ c¢6 thé st dung
céc phuong phép truc ti€p hoic gidn tiép.

Cdc phuong phdp truc tiép gom cé :

1. Xdc dinh sinh khdi tuoi hoic sinh khoi khd (phuong phdp ndy kém chinh x4c)
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2. Xéc dinh ham lugng nitrogen tdng s6 (phuong phdp micro - Kjehdal) va phuong
phdp vi khudn tin x4dc dinh NH; hay ham lugng carbon tong s (theo Van Slike-
Folch). Cac phuong phap nay cho do chinh x4c cao.

3. Trong thyc t& hang ngay ngudi ta thudng xdc dinh ham lugng protein ctia vi khuan.
C6 thé dung phuong phdp biure cdi ti€n hodc phuong phdp so mau khic. Cic
phuong phdp vi ludng dwa vao viéc do so lugng cdc thanh phin dic trung cla
protein nhu tirosine, triptophan (theo Lowry ho#c Folin-Ciocalteu) ciing cho két
qua tot.

C6 thé néi xdc dinh ham lugng protein trong sinh khéi 1a phuong phdp thich hop
nhat vi mot mit protein 13 thanh phan chl y&u cta chat kho, mit khdc d6 1a nhitng thanh
phan hoat dong trong sinh khoi (hdu hét protein cla t&€ bao 12 enzyme)

Cdc phuong phdp gidn tiép dé do sinh khoi vi khudn:

1. Po d6 duc ctia dich treo t&€ bao. Pay la phuong phdp rat thuin Igi. Trong thuc t€ ta
thudng do mat do quang hoc clia dich treo (dich huyén phil). Trong mot sd trudng
hgp ngudi ta ciing xédc dinh sy khué€ch tdn 4nh sang.

Tuy nhién sy phu thudc theo dudng thing giita hai chi s6 nay v6i sinh khoi vi
khuin chi thiy trong viing céc gid tri rat thip clia mat do t&€ bao. Vi su khué&ch tdn dnh
sdng phu thudc vao dudng kinh, hinh dang va chi s& chiét quang cla cdc hat khué&ch tdn
nén thinh thodng cin kiém tra lai twong quan giita cdc dai luong quang hoc va cdc chi s&
do nhu sinh khéi kho, ham Iugng nitrogen hodc ham lugng carbon.

Ciing can chd y riing d6i vdi khi cing mot sinh khéi vi khuén trong dich treo nhung
c6 thé c6 mat do quang hoc khac nhau. Chﬁng han mit dd quang hoc d6i véi 1mg/ml chit
kho ciia E.coli trong pha log 13 1,54 con trong pha 6n dinh 1a 2,38. gid tri clia mat do
quang hoc (0.D)/mg chat kho ciing thay d6i theo tdc dd sinh trudng .

2. Po céc chi s6 cudng do trao d6i chit nhu hap thu O,, tao thanh CO, hay acid, vi
céc chi s6 nay lién quan truc ti€p véi sinh trudng. Di nhién ta chi ding cdc phuong
phdp nay trong trudng hgp khdng st dung cac phuong phap khac, vi du khi mat do
sinh kh6i rat nhd.

DPé€ do cédc chi sd néi trén c6 thé ding cic phuong phap chuin do, dién ho4...

3.6. Téic dung cia cac y&u td bén ngoai lén sinh truéng va phat tri€n cia
vi khudn

Sinh trudng va trao ddi chat clia vi khuin lién quan chit ché vdi cdc diéu kién cia
moi trudng bén ngoai. Cc di€u kién nay bao gdm hang loat cdc yéu t& khdc nhau tdc
dong qua lai v6i nhau. Pa s6 cdc yé&u to d6 déu c6 mdot dic tinh tic dung chung bi€u hién

& 3 di€m hoat dong : tdi thiéu, tdi thich va cuc dai.
Véi tdc dung t6i thi€u cta yé&u t& mdi trudng vi khuin bit diu sinh trudng va mé
dau cdc qud trinh trao ddi chat, vdi tdc dung toi thich vi khuan sinh trudng, véi tic dung

31



cuc dai va bi€u hién hoat tinh trao ddi chat, trao ddi ning lugng 16n nhat, vdi tic dung
cuc dai vi khudn ngiing sinh trudng va thudng chét.

Anh hudng cta cdc yéu t8 moi trudng 1én vi khudn c6 thé 1a thuin 16i hodc bat loi.
Anh hudng bat loi s& din dén tdc dung dc khu&n hodc diét khuin. Do tdc dung dc khuin
clia yéu t6 moi trudng, t€ bao ngiing phan chia, néu loai bd yéu t6 nay khdéi moi trudng vi
khuén lai ti€p tuc sinh trudng va phét trién. Khi cé mit chat diét khuén, trdi lai vi khudn
nging sinh trudng, phat trién va chét nhanh chéng. Sy chét ciia t€ bao thudng khong xdy
ra ngay mot ldc trong cd quan thé ma dién ra dan dan, c6 thé bi€u dién bing dudng cong
t vong logarit.

Mot s& yéu td, chii y&u 1a cdc hod chat cé thé hién tic dung Gc khudn hoic diét
khu4n tuy ndng do.

T4c dung khdng khudn clia cdc y&u t& bén ngodi chiu 4nh hudng clia mot s6 diéu
kién nhu tinh chit va cudng do tic dung clia ban thin yé&u t&, dic tinh cla cd thé va tinh
chat cia moi trudng.

3.6.1. Coché'tic dung ciia cdc yéu to'bén ngoai lén vi khudn

Céc yé&u t& clia mdi trudng bén ngoai tdc dung 1én t€ bao vi khuin thudc 3 loai :
y&u t& vat 1y (dd 4m, nhiét d9...), yéu t6 hod hoc (pH mdi trudng, th€ oxy hod khi...) va
yé&u td sinh hoc (chit khdng sinh). Du 12 yé&u t6 nao nhung khi di tdc dung bat 1gi 1én t&
bao thi thudng trudc hét gay ton hai dén cdc ciu tric quan trong cho su song cia t€ bao..
Nhitng t6n hai d6 din dén phd huy chifc phan hoat dong clia cic ciu tric va lam t& bao
chét..

Téc dung c6 hai cla cdc y&u t& bén ngoai t€ bao vi khuin thé hién chd yé&u §
~, (g e
nhitng bi€n doi sau :

3.6.1.1. Phd huy thanh 1€ bao.

Mot s& chat nhu lisozyme (chita trong 14 lach, bach cau, 1ong tring tridng,...) c6
kha ning phan huy thinh t& bao vi khuin din dén tao thanh cdc nguyén lap chd yéu & vi
khuidn G* va cédc ciu lap & vi khuin G

Trong su ¢6 mit cla penicillin, cdc cau lap dudc hinh thanh va dé phan huy. G vi
khuin G, do tdc dung clia chit khdng sinh nay, t&€ bao tao thanh cdc dang hinh cau mén
cAm v&i 4p sudt thim thau tuong tu vdi cdc dang L clia vi khuén.

3.6.1.2. Bién ddi tinh thdm ciia mang té bao chdt

Mot s& chat khong nhat thi€t phdi xAm nhap t€ bao nhung van gy tdc dung khing
khudn. Do tdc dung 1én mot hoic mot sd chiic ning sinh 1y ctia mang t&€ bao chit nay lam
vi khudn mat kha ning sinh san.

Tdc dung khing khuin clia cdc chit oxy hod va cdc chiat khit (H,O,, céc
halogien...) 12 do 4nh hudng ctia ching 1én cdc thanh phin clia mang t€ bao chit. Ciing
c6 thé x&p vao nhém cdc hop chit nay, cdc rugu, phenol, cic chat tdy ria tdng hop va
mot sd khdng sinh.
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3.6.1.3. Thay doi ddc tinh keo ciia nguyén sinh chdt

Céc yéu t6 vat 1y ciing nhu hod hoc déu c6 thé gdy nén tdc dung nay. Ching han,
nhiét dd cao 1am bién tinh protein va l1am ching dong tu.

3.6.1.4. Kim ham hoat tinh

Mot s chat tdc dong vao cdc hé thong sinh ning lugng clia t€ bao, cyanide kim
him enzyme cytochrome - oxydase, fluoride ngin cdn qud trinh dudng phan. Cédc chat
oxy hod manh (H,0,, cdc halogien) phd huy cdc hé thong t€ bao 1am ton hai dén chiic
ning trao ddi chat....

3.6.1.5. Huy hoai cdc qud trinh tong hop

Trong sy ¢6 mit ciia mot s& chat tuong tu vé mit ciu tric véi cdc chat trao ddi tu
nhién, goi 12 chit antimetabolite qud trinh sinh tdng hdp c6 thé bi tc ché. Co ché tic
dung clia cdc chat antimetabolié khong gidng nhau. Mot s6 gin véi trung tim hoat dong
clia enzyme nhung khong tham gia vao phdn tng khi€n enzyme mat hoat tinh phan huy
co chit; mot sd khic c6 thé tham gia viao phadn ng enzyme va dugc 1ip vao sin phim
cia phan tng nhung sau d6 khong dudc sit dung trong trao ddi chat véi cing mic dd nhu
trong trudng hop cla cd chat thuc.

3.6.2. Cdc yéu to'vit Iy
3.6.2.1. 6 dm

HAu hét cdc qud trinh séng ciia vi khuan c6 lién quan d€n moi trudng nude do d6
dd 4m 12 mot yé&u t& quan trong ctia mdi trudng. Pa s& vi khuin thudc cdc sinh vat ua
nudc nghia 13 ching cin nuéc & dang tu do, d& hap thu. Chi mot sd xa khudn c6 thé xé&p
vao bon wa kho vi chiing stt dung dugc ci nuc hydroscopic gin trén bé mit cdc hat dat &
dang cdc phan ti. Khi thi€u nudc s& x3y ra hién tugng loai nudc khéi t&€ bao vi khuin,
trao d6i chat bi gidm va t&€ bao chét. So vdi t&€ bao dinh dudng, cdc bao tif chiu dung dugc
kho han hon rat nhiéu. N&éu lam lanh t€ bao dong thdi 1am kho trong chan khong ta c6 thé
bdo quin dugc stc sdng cla t€ bao trong mot thdi gian dai. PAy 12 nguyén tic clia
phuong phip lam dong kho vi khuan.

3.6.2.2. Nhiét dj

Hoat dong trao d6i chat ctia vi khudn c6 thé coi 12 k&t qua cda cdc phan ng hod
hoc. Vi céc phdn tng nay phu thudc chit ch& vao nhiét do nén yéu td nhiét d6 ro rang
dnh hudng siu sic dén cdc qué trinh s6ng cla t€ bao. T€ bao thu dudc nhiét chi yé&u ti
moi trudng bén ngoai, modt phan ciing do cd thé thii ra do két qua clia hoat dong trao ddi
chat.

Hoat dong ctia vi sinh vat gidi han trong mdi trudng chifa nudc cé thé hap thu.
Viing nay ctia nude nim tir 2° dén khoang 100° goi 1a viing sinh dong hoc. Hiu hét t& bao
sinh dudng ctia vi sinh vat bi chét & nhiét do cao protein bi bi€n tinh, mdt hoic hang loat
enzyme bi bit hoat. Cdc enzyme ho hap dic biét 1a cdc enzyme trong chu trinh Krebs rat
man cdm vdi nhiét do. Su chét cla vi khudn & nhiét d6 cao ciing c6 thé con 13 hau qui
cia sy bat hoat hod RNA va sy ph4 hoai mang t&€ bao chat.
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Nhiét d6 thap (dusi ving sinh dong hoc) c6 thé 1am bat hoat qud trinh van chuyén
cdc chit hoa tan qua mang t€ bao chit do thay ddi cidu hinh khong gian clia mot s&
permease chifa trong mang hoic dnh hudng dén viéc hinh thanh va tiéu thu ATP can cho
qud trinh van chuyén chi dong cdc chat dinh dudng.

Vi khuén thuong chiu dung dugc nhiét do thap. O nhiét do dudi di€ém bing hoic
thap hon ching khong thé hién hoat dong trao ddi chat ro rét. Nhiét do thap c6 thé coi 1a
y&u t& tc khuan néu 1am lanh qud nhanh. N&u 1am lanh trong chin khong cic tinh thé
bing sé thing hoa. P6 12 phuong phdp dong kho d€ bdo quén vi sinh vat.

Gidi han giita nhiét do cuc ti€u va nhiét d6 cyc dai 1a ving nhiét sinh trudng cia vi
sinh vat. Gidi han nay rit khdc nhau giita cdc loai vi khuén : tuong d6i rong & cic vi
khudn hoai sinh, nhung rit hep & cdc vi khudn giy bénh. Tuy theo quan hé véi viing
nhiét c6 thé€ chia vi khuan thanh mot s nhém :

a. Vi khudn va lanh : sinh trudng t6t nhat & nhiét do dusi 20°C, thudng gip trong
nudc bién, cic hd sdu va sudi nude lanh. Hoat tinh trao ddi chat & cac vi khuin nay
thap. Trong diéu kién phong thi nghiém nhiéu vi khuin wa lanh d& dang thich tng
vGi nhiét do cao hon.

b. Vi khuén wva 4m: chi€m da s6, cin nhiét d6 trong khodng 20°C - 40°C. Ngoai cdc
dang hoai sinh ta con gap cédc loai ky sinh gy bénh cho ngudi va dong vat.

c. Vi khuén wa néng : sinh trudng t6t nhat & 55°C. Nhiét d6 sinh trudng cuc dai cia
cdc vi khudn wa néng dao dong giita 75°C va 80°C.

Céc vi khudn va néng gém chi yé&u la cdc xa khudn, cdc vi khuin sinh bao ti,
thanh tdo va nAim moc. Thudng gip ching trong sudi nudc néng, trong phan .

Ap luc, 4p sudt thAm thau va 4p suat thuy tinh c6 thé dnh hudng d&n ciu tric cla
t€ bao vi khuén.

Mang t€ bao chit cla vi khudn 12 ban thim do cdc hién twgng thaim thau va viéc
diéu chinh thim 4p qua cdc hé thong permease déu cé lién quan d€n mang. Trong mdi
trudng wu trudng t€ bao mat khd nidng rit nuéc va cac chit dinh dudng hoa tan bao
quanh : t& bao chiu trang th4i kho sinh 1y, bi co sinh chat va c6 thé bi chét néu kéo dai.
Trong thyc t&€ ngudi ta tng dung tic dung co sinh chit cda cdc néng d6 mudi cao (10 -
15%) hoic dudng cao (50 - 80%) dé bdo quan thuc phdm (mudi dua, ca, uSp thit cd) hoa
qua (1am mit) vi da s6 vi sinh vat rdt man cdm vdi thAm 4p cao clia mdi trudng. Ngudc
lai, khi vi khuan vao dung dich nhugc truong nudc sé xam nhap t& bao, 4p luc bén trong
s& ting 1én. Tuy nhién do cé thanh t&€ bao ciing & vi khuin khong x3y ra hién tudng vo
sinh chat nhu & t& bao thuc vat.

Pa 56 vi khuin sinh trudng tot trong mdi trudng chita it hon 2% mudi, ndng do cao
hon ¢6 hai cho t&€ bao. Nhung ciing c6 mot s6 vi khudn lai sinh trutdng t6t nhat trong moi
trudng chita t6i 30% mudi. Ta goi 12 céc vi khudn wa mudi.

Trong hoat dong song clia minh vi khuin thudng chiu 4nh hudng ciia nhitng thay
ddi dp luc thuy tinh. G nhiét d6 binh thudng dp luc cao c¢é thé 1am chadm hodc 1am mat

34



khd ning di dong, 1am ngirng sinh trudng, 1am y&u dong lyc va 1am thay d6i trao d6i chit
nhung khong 1am chét vi khuin. Tuy nhién, nhiéu vi khuin & ddy bi€n va cic md dau c6
thé chiu 4p suat thuy tinh t&i 200 — 300 atm. Ta goi d6 1a cdc vi khudn wa 4p.

Vé co ché tdc dung cda 4p sudt thuy tinh cao 1én vi khuin van chua cé y kié€n dit
khodt. C6 1& do 4p suit cao ma thé tich t& bao bi gidm, dd nhét clia nodi thay € bao ting
1én, tir d6 dAn d&n lam bAt hoat mot s enzyme, nhit 13 cdc enzyme ndm trong qué trinh
phan chia t& bao va 1am gidm tdc dd hodc 1am ngitng cdc phan ng sinh hod. Ciing c6 thé,
do 4p luc thuy tinh cao ma chifc ning clia mang t&€ bao chat bi ton thuong.

Am thanh. Séng Am thanh, dic biét trong viing siéu 4m (trén 20kHz), ¢6 4nh hudng
16n dén sinh trudng clia vi khuan. Cic t& bio sinh dudng bi chét nhanh chéng, t€ bao non
man cdm hon nhiu so vdi t€ bao gid. MAn cdm nhat ddi vdi tic dung cia siéu Am 12 cdc
vi khudn hinh s¢i, it man cdm hon 13 cdc tryc khudn va c6 sic dé khang cao nhat 1a cdc
cAu khuin. Pic biét, siéu Am hau nhu khong 4nh hudng gi 1én bao ti vi khuin va cic vi
khu&n khéng acid.

Siic cang bé mat. Khi sinh trudng trong mdi trudng dich thé vi khudn chiu 4dnh
hudng clia stic cing bé mit cda moi trudng. Pa s6 cdc mdi trudng dich thé ding trong
phong thi nghiém c6 stic cing bé mit khodng 0,57 - 0,63mN/cm. Nhitng thay d6i manh
mé stic cing bé mit c6 thé 1am ngling sinh trudng va 1am t€ bao chét. Khi sifc cing bé
mit thap, cdc thanh phan cla t& bao chat bi tach khdi t€ bao. Piéu nay ching td mang t&
bao chit bi ton thuong. Cdc chit ning cao stic cing bé mit chi y&u 13 cdc mudi vo co.
Céc chdt 1am gidm stc cing bé mit chd y&u 1a cdc acid béo, alchohol va cdc chit khic
vdi chudi carbon dai, thing va thom. Céc chit nay dugc goi 13 cdc chit c6 hoat tinh bé
mat. Tac dung cta ching thé hién trong viéc lam thay doi cac dic tinh bé mit cda vi
khuén., truSc hét 12 nang cao tinh thAm clia t&€ bao. Trong thyc t& ngudi ta st dung hién
tugng nay trong viéc nudi cAy cdc vi khudn khang acid. Stic cing bé mit thAp con ngin
can vi khuan gin vao bé mit citng, tranh cho chiing khdi canh tranh sinh trudng.

Cdc tia bitc xa. Anh sang c6 thé giy ra nhitng bi€n d6i hod hoc va do d6 nhitng tdn
thuong sinh hoc néu dugc t€ bao hap thu. Mitc do gy hai tuy thudc vao mic ning lugng
trong lugng tif 4nh sdng dugc hap thu va mifc ning luong trong luong tif lai phu thudc
gidn ti€p vao chiéu dai séng clia tia chiu. Cac luong tif biic xa gy nén nhitng bi€n ddi
hod hoc clia cdc phan t¥ va nguyén ti c6 chiéu dai séng khoang 10.000 A. Bao gém 4nh
sdng mat trdi, ti tf ngoai, tia X, tia gamma va tia vi tru. C4c tia vii tru tia gamma va tia X
¢6 ning lugng rat 16n. Khi dudc vat chat hap thu chiing c6 thé bin ra cdc electron tir céc
nguyén tif clia vat chat dé. Vi vy cdc tia ndy dugc goi 1a cdc bifc xa ion ho4.

Anh sdng mdt troi. La ngudn tia chi€u ty nhién nhit c6 tic dung phd huy t€ bao vi
khu4n (ngoai 1& : cdc vi khuan quang hop lai sit dung d4nh sdng mit trdi 1Am ngudn ning
lugng). Tdc dung nay bi y&u di néu t&€ bao chifa sic t6 hay cic v4 nhay.

So véi cdc bic xa ion hoa thi tia t& ngoai (10 - 300nm) c6 ning lugng nhé hon. Khi
bi vat chat hap phu, tia t ngoai khong gy nén hién tugng ion hod nhung kich thich cic
phan ti, nghia 12 chuyén céc dién tif d€n mot ning lugng cao hon. Dudi 4nh hudng clia
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tia tif ngoai vi khuan bi chét hoic bi dot bién tuy theo loai vi khuin va liéu lugng chiéu,
bao tif cia mdc ¢6 sitc dé khang cao.

Diéu d4ng chi ¥y 1a nhitng hu hai do tia tif ngoai gy nén trong t€ bao phan nao cé
thé ddo ngudc. N&u sau khi chiéu tia tif ngoai ta lai cho vi khuin chiu tic dung clia 4nh
sang ban ngay thi nhiéu vi khuin c6 kha ning sdng sét va ti€p tuc sinh trudng, phan chia.
Hién tugng nay dudc goi la quang tdi hoat.

Tia sdng mit trdi tuy c6 chita mot phan tia tif ngoai nhung phin 16n nhitng tia nay
bi khi quyén (ozon, may...) giita lai. Vi vy dnh ning c6 tic dung diét khuan nhd hon so
vdi tia tf ngoai dung trong phong thi nghiém.

Hién nay cédc biic xa ion hod dudc tng dung trong viéc khi tring thuc phdm, dudc
phdm... v @€ gay dot bién & vi sinh vat.

3.6.3. Cdc yéu té hod hoc

Trong s6 cdc yéu td hod hoc dnh hudng dén t&€ bio trudc hét phai ké ndng dd ion
hydrro (pH), th€ oxy hoa khtt (Eh) clia moi trudng, cdc chat sit tring va cdc chit hod tri
liéu.

3.6.3.1. Anh hudng cia pH moi truong

pH clia méi trudng c6 ¥ nghia quyét dinh d6i véi sinh trudng ctia nhi€u vi sinh vat.
Céc ion H* va OH 12 hai ion hoat dong 16n nhat trong tit cd cdc ion, nhitng bi€n d6i du
nhé trong nong do clia chiing cling c6 &nh hudng manh mé&. Cho nén viéc xdc dinh thich
hdp ban dau va viéc duy tri pH cin thiét trong thdi gian sinh trudng clia t& bao 1a rit quan
trong.

Céc gia tri pH (cyc ti€u, tdi thich, cuc dai) cAn cho sinh trudng va sinh sdn cla vi
khudn tuong Gng véi céc gid tri pH cin cho hoat dong clia nhiéu enzyme. Gidi han pH
hoat dong ddi véi vi sinh vat & trong khodng 4 - 10. da s6 vi khuan sinh trudng tot nhat &
pH trung binh (7,0). Céac vi khuén nitrate hod, vi khudn n6t san, xa khuén, vi khuén phan
gidi urea lai wa moi trudng hdi ki€ém. Mot s6 vi khuin chiu acid nhu vi khudn lactic,
Acetobacter... c6 thé sinh trudng & pH<1. ndim sdi v nim men wa pH acid (pH : 4 - 6)

pH clia moi trudng khong nhitng 4nh hudng manh mé& dén sinh trudng ma con tac
dong siu sic dén cdc qua trinh trao ddi chat.

Maing t€ bao chat clia vi sinh vat tuong d6i it thim ddi vé6i cdc ion H va OH'. Vi
vay, mic du pH clia mdi trudng bén ngoai dao dong trong gidi han rong, ndng dod clia 2
ion néi trén trong t&€ bao chat néi chung van 6n dinh. Anh hudng cda pH moi trudng 1én
hoat ddng ctia vi sinh vat c6 thé 1a do két qua tic dong qua lai giita ion H* va enzyme
chita trong mang t€ bao chat va thanh t& bao.

Pé€ duy tri pH thich hgp d6i véi vi sinh vat trong thdi gian nudi cdy, nhat 13 d6i véi
cdc vi khuén sinh acid nhung lai khong chiu dudc acid (Lactobacillus, Enterobacteriacea,
nhiéu Pseudomonas), ngudi ta thudng thém vao moi trudng chit dém hoic diing cic co
chit oxy hod hoan toan. Dung dich dém thudng ding 1a mudi cia cdc acid yéu
(phosphate, acetate, carbonate).
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3.6.3.2. Thé oxy hod khit (Eh)

Pé€ biéu thi mitc dd thoang khi clia mdi trudng ngudi ta dung dai lugng rH. Theo
dinh nghia : rH = -log (H,), & diy (H,) 1 4p luc ctia hydro trong khi quyén.

Dung dich nu6c bao hoa hydrro ¢6 rH = 0, bdo hoa oxy ¢6 rH = 41. Thang tir 0 dé€n
41 x4c dinh mdc do thodng khi cia moi trudng. pH c6 dnh hudng dén gid tri rH clia moi
trudng, su phu thudc nay dugc bi€u thi bdi phuong trinh :

rH = OE_(:]?, + 2pH (Eh = thé& oxy ho4 khtt tinh ra volt)

Céc vi sinh vat ky khi bit budc c6 thé sinh san & nhitng gid tri rH rat thap (khong
qud 8 - 10), cdc vi sinh vat hi€u khi hoidc ky khi tuy tién & gidi han kha rong rH tir 0 dén
30 con céc vi sinh vat hi€u khi bit budc rH tir 10 dén 30. Céc gid tri tH > 30 khong c6 Igi
cho su sinh sdn cla cdc vi sinh vat hi€u khi bit budc.

Céc vi khudn ky khi c6 thé sinh truéng & gia tri Eh kha thap. bing cdch thém mot
s6 chat nhat dinh vio moi trudng c6 thé gidm gid tri Eh.

Oxy ¢4 vai tro hét sifc quan trong trong hoat dong sdng ctia vi sinh vat. Tuy thudc
vao nhu ciu d6i véi oxy ma ngudi ta chia vi sinh vat thanh cdc nhém sau:

- Hiéu khi bit budc :

Thudc nhém nay 1a cdc vi sinh vat chi c6 thé sinh truéng dugc khi c6 mit oxy phian
tt (0,). Chiing c6 chudi hd hap hoan chinh, ding O, lam thé nhan hydro cudi ciing. Trong
t€ bao c6 chita enzyme SOD (superocide dismutase) va peroxidase. Tuyét dai da s6 vi
ndm va s6 dong vi khuian thuéc nhém nay.

- Hi&u khi khong bit budc

Thudc nhém nay la cac vi sinh vat c6 thé sinh trudng dudc ca trong di€u kién c6
oxy 14n trong diéu kién khong c6 oxy. Trong t&€ bao cé chita SOD va peroxidase. C6 oxy
chiing sinh truéng t6t hon. Phan 16n nAm men va nhiéu vi khuén thudc nhém nay. C6 thé
k& dén cac loai nhu Saccharomyces cerevisiae, E. coli ...

- Vihi€u khi :

Thudc nhém nay 1a cdc vi sinh vat chi c6 thé€ sinh trudng dugc di€u kién 4p luc oxy
rat thap (khodng 0.01 — 0.03atm). Chiing ciing thong qua chudi hd hap va ding oxy lam
thé€ nhan hydro cudi ciing. C6 thé ké dén cdc loai nhu Vibrio cholerae, Hydrogenomonas
Spp. .-

- Ky khi chiu dudng :

D6 1a nhitng vi khuén ky khi nhung lai tén tai dugc khi c6 mit oxy. Ching khong
st dung oxy, khong c6 chudi ho hap nhung su c6 mit cla oxy khong c¢6 hai doi véi ching.
Trong t&€ bao c¢6 SOD, peroxidase nhung thi€u hydrogenperoxidase. Thuéc nhém nay cé
thé k€& dén Streptococcus lactis, Lactobacillus lactis...

- Kykhi:
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Vi céac vi sinh vat thu6c nhém nay su ¢6 mit cia oxy phan t& 1a ¢6 hai. Ching
khong sinh trudng dudc trén moi trudng dic hodc ban dic khi d€ trong khong khi hay
trong khong khi c6 chita 10% CO,. Ching chi sinh truéng dudc & 16p dich thé siu, & ndi
khong c6 oxy, qua trinh 1€n men, qud trinh phosphoryl hod quang hdp, qué trinh methane.
Trong t& bao ciia cdc vi sinh vat nay khong c6 SOD, cytochromoxydase, phan 16n khong
c6 hydrogen peroxidase. C6 thé k& dén rat nhiéu loai trong cdc chi Clostridium,
Fusobacterrium, Bifidobacterium ...

3.6.3.3.  Cdc chat diét khudn (sdt tring)

Céc chat diét khuan thudng dung nhat 12 phenol va cdc hdp chit clia phenol, céc
alcohol, halogen, kim loai ndng, H,0,, ...

Hién nay ngoai viéc ding mot s hod chat d€ sit tring da, cdc dung cu dugc phdm,
thuc phdm, nuc udng... ngudi ta con ding cdc dung dich nhuw nudc brom 1%, HgCl,
0,1%, con, AgNO5 0,05%, hypochloride calci (1% Cl,) d€ sat tring bé mit hat. Hat dudc
ngim trong cdc dung dich tuong ting khodng 5 - 30 phiit, tridc d6 can x& 1y hat bing xa
phong va cdc chit c6 hoat tinh bé mit khiac d€ ddm bdo cho bé mit hat thAim hoan toan,
xr 1y xong phai ria hat nhiéu l1an bing nudc vo tring. Pa sd cdc chit dung lam thudc
nhudm vi khuan déu 1a chat kim hiam chiing.

3.6.3.4. Cdc chdt hod tri liéu

D6 1a cdc chat hod hoc ¢6 tic dung doc 1én vi khuan nhung khong giy hai cho cd
thé bac cao (khic v6i cdc chat sdt tring). N6i chung thanh phan hod hoc cdia céc chit nay
da dugc biét, do d6 ta c6 thé diéu chinh biing con dudng nhan tao.

Co ché tic dung clia cdc chit hod tri liéu 16 rang dua vao su tuong tu vé ciu triic
clia cdc chit nay vdi cdc hop chat ma vi khudn can d€ tao thanh cdc coemzyme, protein
va cdc acid nucleic. Cdc chit ho4 tri liéu canh tranh vi tri gdn vé6i cdc hgp chat d6 trén
phan tif enzyme va kim ham nhiéu phdn tng sinh ho4 quan trong. Pa s& cdc chat ho4 tri
liéu dudc st dung d€ diéu tri cac bénh khic nhau.

Céc chat hod tri liéu quan trong nhat 1a cdc sulfonamide din xuat ti acid p-
aminosulfonic. P6 13 nhitng chat doi khdng clia acid p-aminobenzoic (APAB). Do canh
tranh vi tri gdn trén phan t enzyme véi PAB cdc sulfonamide kim ham viéc tao thanh
acid folic 1a tién chat clia coenzyme tham gia vio qué trinh tdng hgp mot s acid amin va
purin.

3.6.4. Cdc yéu to sinh hoc

Trong s céc yéu t6 sinh hoc c6 dnh hudng c6 hai 1én cdc qud trinh séng cda vi
khu4n cin k€ dén cdc khdng thé va cdc chit khang sinh. Khang thé 1a cic globulin trong
mdu dong vat, c6 kha ning lién két dic hiéu v6i khdng nguyén di kich thich sinh ra né,
khang thé nay con dugc goi 1a khdng thé dic hiéu. Khing thé dugc tim thiy chi yéu
trong huyét thanh cia dong vat, vi vy huyét thanh chita khing thé dic hiéu khdng
nguyén dugc goi 1a khdng huyé&t thanh.
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Khdng thé ciing c6 thé dugc tim thdy trong cdc dich khidc cda co thé, nhu sita.
Nhitng khang thé c6 sin trong sita hay huyét tuong clia ngudi hay dong vat tir trudc khi c6
su ti€p xtic vdi khdng nguyén dudc goi 12 khang thé ty nhién hay khang thé khong dic
hiéu.
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Chuong 4 .
THANH PHAN VI SINH VAT THAM GIA

TRONG QUA TRINH XU LY NUGC THAI
(C 009

Vi sinh vat 12 mot thanh phin qua trong trong qud trinh x& 1y nudc thdi sinh hoc. V&
mit ciu tric va chiic ning, vi sinh vat dudc x&p vao loai sinh vat ¢6 nhin va tién nhan. Bon
tién nhian gdm (eubacteria, archaebacteria) 12 quan trong nhit trong xt 1y sinh hoc va dudc
hi€u don gian 1a vi khan. Bon c6 nhin bao gdm thuc vat, ddng vat va nguyén sinh vat. Bon
c6 nhin quan trong trong qud trinh xi 1y sinh hoc bao gdm nim, dong vat nguyén sinh va
tring banh xe, tdo.

4.1. Vikhuén (bacteria)

LA cdc sinh vat tién nhan don bao. Hinh thic sinh sdn chd y&u 12 nhan d6i mic dit c6
mot s6 loai sinh sdn hitu tinh ho#ic bing cdch ndy chdi. Cho dii ¢6 hang ngan loai vi khuin
kh4c nhau nhung dang tdng qudt chi c6 ba loai sau: spherical, cylindrical va helical. Kich
thue chiing bién ddi. Mot vai kich thude cda vi khudn nhu sau : dudng kinh tir 0.5 - 1.0um
ddi v6i spherical, rong tr 0.5-1um va dai tir 1.5-3um doi véi cylindrical va rong tir 0.5-5um
dai tlr 6-15um ddi v6i helical.

4.1.1. Cdu triic té bao

Cé6 cau tric t&€ bao don gidn (hinh 4.1) bén trong t&€ bao goi la t&€ bao chat, chita
protein, carbonhydrate va cdc chat hitu co phic tap. Ving dich bao chita ribonucleic acid
(RNA), c6 vai trd chii y&u trong viéc sinh téng hdp protein. Ciing bén trong t& bao chit c6
viing chita deoxyribonucleic acid (DNA), DNA chia tit cd nhitng thong tin cin thiét cho su
s&n xudt tit ca cdc ciu thanh cla t&€ bio va c6 thé dudc goi 1a vat liéu di truyén clia t& bao.

Thanh phan t&€ bao: kiém tra trén mot s6 lugng 16n cic vi khudn khic nhau ngudi ta
cho riing chiing chita khodng 80% la nu6c va 20% la chat kho trong d6 c¢6 90% la chat hitu
cd va 10% 1a vo cd. Thanh phan cd ban clia t€ bao vi khuin nhu sau:

Nguyén to Phén trim trong lugng kho
Khoidng Trung binh

Carbon (C) 45-55 50
Oxygen (O) 16-22 20
Nitrogen (N) 12-16 14
Hydrogen (H) 7-10 8
Phosphorus (P) 2-5 3
Sulfur (S) 0.8-1.5 1
Potasium (K) 0.8-1.5 1
Sodium (Na) 0.5-2.0 1
Calcium (Ca) 0.4-0.7 0.5
Magnesium (Mg) 0.4-0.7 0.5
Chlorine (CI) 0.4-0.7 0.5

Sét (Fe) 0.1-0.4 0.2
Ciéc chat khic 0.2-0.5 0.3
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Hinh 4.1: C4u trdc t&€ bao duéi kinh hién vi dién t&

Coéng thitc dugc udc tinh cho chat hitu cd don gidn nhat 1a CsH,O,N, theo cong thiic
nay thi c6 khodng 53% vé trong lugng co thé 1a carbon. Cong thitc CgHg7023N,P c6 thé
dudc st dung khi cé tinh dén phosphorus. Thanh phin v6 co bao gdm P,0s (50%), SO;
(15%), Na,O (11%), CaO (9), MgO (8), K,O (6%) va Fe,03 (1%). B&i vi tit ca cdc don chat
va hgp chat déu cé ngudn gbc tir modi trudng, nén sy thi€u hut mot trong nhitng chit nay
trong chit nén s& 12 nhan t& han ché va trong mot vai trudng hop c6 thé tic dong dén sy phat
trién ctia vi khuén.

4.1.2. Piéu ki¢n moi truong

Céc diéu kién clia moi trudng vé nhiét d6 va pH c6 4nh hudng quan trong 1én sy ton
tai va phdt trién cta vi khudn. N6i mot cach tdng quat, su phat trién t6i wu chi xdy ra trong
mdt gidi han hep cia nhiét d6 va pH, cho du vi khuén c6 thé tdn tai trong mot khodng rong
v€ gidi han cia hai y&u t6 nay. Nhiét do duéi nhiét do t6i vu thudng cé dnh hudng y nghia
1én sy phét trién hon 13 nhiét do trén nhiét do t6i wu. Toc do phat trién clia vi khuin sé ting
1én gap doi khi nhiét d6 ting 1én 10°C cho dén khi dat dén nhiét do t6i uu.

pH ctia moi trudng ciing 1a nhan t& 4nh hudng chd y&u dén su phat trién cta vi khuin.
HAau hét vi khuin khong thé thich ing dugc & pH>9.5 hodc pH<4.0. pH t8i wu cho sy phat
trién cda vi khudn nim trong khodng 6.5-7.5.
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4.1.3. Su phdt trién ciia vi khudn

Viéc ki€m sodt moi trudng c6 hiéu qua trong xi¥ Iy sinh hoc dua vao su hiéu biét cic
quy tic cd ban nhiim ché& nguy sy phat trién cta vi sinh vat. Sau diy ban luin vé sy phat trién
ctia vi khuén, cdc vi sinh vat quan trong trong xi 1y sinh hoc.

Su phdt trién ciia vi khudn trong nudi cdy thudn khiét.

Nhu da dé cip trudc day, vi khudn cé thé sinh sin bing cich tu nhan d6i, sinh sin
gidi tinh hoic sinh sdn biing ndy mam, nhung chii yéu ching sinh sin bing cich nhan do6i
(tic 12 tif mot t& bao ban dau sinh ra hai t€ bio mdi). Thdi gian cho mdi mdt qud trinh nhan
doi t&€ bao dudc goi 1a thdi gian sinh sin, ¢ thé thay d6i tir vai ngay cho dén it hon 20 phiit.
Vi du, n€u thdi gian giita hai th€ hé 1a 30 phit, mot c4 thé vi khudn s& nhin 1én thanh
16.777.216 c4 thé sau 12 gid. Piéu ndy dugc tinh theo 1y thuyét, ddi véi vi khuan sé& khong
ti€p tuc phan chia b&i vi mdt s& gidi han clia nhin t& moi trudng nhu ndng d6 dinh dudng,
pH, nhiét do va tham chi cé kich thudc clia hé thong.

Su phdt trién qua tiing giai doan theo s6 luong vi khudn

Hinh thifc phat trién tong quat ctia vi khuin trong nuoi ciy dudc mod ti qua dd thi, qua
dd thi ta thay sy phat trién ciia vi khudn trdi qua 4 giai doan, mdi mot giai doan tuong tng
v6i mdi s6 ludng vi khudn khac nhau. (hinh 4.2)

( Giai doan | Giai doan ting Giai doan Gn djnh Giai doan vi khufn chét theo logarit
phdttrién | tudng theo quy
chjm luft logarit

Gid tri log cda s6 Iugng vi khudn

S

Hinh 4.2. Pudng cong bi€u dién cic giai doan phat trién ctia vi khudn
Vé s& lugng theo thang logarit

Thisi gian

(1) Giai doan phét trién cham (pha lag): trong sudt thdi ky ndy vi khudn phai tiét vio moi
trudng chit khang thé nhiim thich ¢ng vdi moi trudng mdi clia ching va bit diu phan
chia.
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(2) Giai doan ting trudng vé s ludng theo Logarit (pha log) : sudt thdi gian ndy vi khudn
nhan d6i véi mot tdc dd xdc dinh bdi thdi gian sinh sdn va kha ning thu nhin va dong
héa thifc in clia chiing (t8¢ do ting trudng theo phan trim 12 khong doi).

(3) Giai doan phit trién 6n dinh : Trong giai doan nay quan thé vi khudn & trong trang thdi
on dinh. Ly do trudc tién cda hién tugng nay 1a: cdc t€ bao di st dung can kiét chit nén
hoic chit dinh dudng can thiét cho sy phét tri€n; sy phat trién cla t€ bio mdi can bing
v6i su chét cha té& bao cil.

(4) Giai doan vi khudn tu chét : Sudt giai doan nay, toc d6 chét cia vi khuin vudt qua su sian
sinh ra t&€ bao mdi. T6c do chét thudng 13 mdt chifc ning cla quan thé sdng va cic dic
tinh cia moi trudng. Trong mot vai trudng hgp, tri s§ logarit clia s6 lugng t€ bao chét
twong duong vdi tri sd cia s6 lugng t€ bao sinh ra & gian doan sinh trudng nhung c6 diu
ngugc lai.

Su phdt trién vé mdt sé sinh khoi.

Su phét trién dudc thio luan & day trong mdi tuong quan clia nhitng thay d6i vé sinh
khdi cdia vi sinh vat theo thdi gian. Sy phat trién nay bao gdm 4 giai doan. (hinh 4.3).

Pha én
dinh

Pha

Pha Chét

Gia tri log s6 lugng t&€ bao vi sinh VAt =3

5
Thai gian (gi0)
Hinh 4.3. Pudng bi€u dién sy ting sinh khdi clia vi sinh vat

(1) Giai doan ting trudng chim. Mot 1an nita vi khuin dodi héi phai thich tng véi moi trudng
dinh dudng cla ching. Giai doan ting trudng chim ddi vé6i sinh khdi khong khong kéo
dai nhu giai doan ting trudng chAm ddi vdi sd lugng bdi vi sinh khdi bit diu ting trudc
khi sy phan chia t€ bao xay ra (t€ bao 16n 1én rdi méi phan chia).
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(2) Giai doan ting sinh khdi theo logarit : luén c6 thira thitc dn xung quanh vi sinh vat, va
toc do trao ddi chat va ting trudng ctia vi khuan chi phu thudc vao kha ning xi 1y chat
nén cia ching.

(3) Giai doan ting trudng cham dan: téc do ting trudng sinh khoi cda vi khuin gidm bdi vi
su can kiét dan chat dinh dudng.

(4) Giai doan hd hap noi bao: vi khuin bit budc thuc hién qud trinh trao ddi chat bing chinh
céc nguyén sinh chit c6 trong t& bao bdi vi ndng dd cic chat dinh dudng cip cho t& bao
da bi can kiét. Sudt giai doan x4y ra hién tugng gidm dan sinh khdi trong khi d6 cédc chat
dinh dudng con lai trong t& bao chét khuéch tén ra ngoai d€ nudi dudng nhitng t&€ bio con
con sdng.

Phdt trién trong moi truong hén hgp

Céc qué trinh phét trién & trén lién quan dén mot quan thé vi sinh vat. Hiu hét céc
qud trinh x 1y sinh héa x4y ra trong mdi trudng hdn hgp gdm nhiéu chiing loai vi sinh tdc
dong 1én moi trudng va c6 tdc dong twong hd 1an nhau. Mbi loai vi sinh vat trong hé thdng
c6 mot dudng cong sinh trudng va phdt tri€n riéng cta né, vi tri va cic dang dudng cong
ting trudng theo thdi gian phu thudc vao thic dn va chat dinh dudng c6 sin va phu thudc
vao cdc nhan td moi trudng nhu nhiét dd, pH, va cd diéu kién ky khi hoidc hi€u khi.

Su bién ddi vé uu thé vi sinh vat theo thdi gian trong qué trinh &n dinh hi€u khi chit
thdi hitu co dudc md td & hinh 4.4. C6 nhiéu loai vi sinh vat déng vai trd quan trong trong
qué trinh 8n dinh chit hitu cd c6 trong nude thai. Khi thi€t k& hodc phan tich qud trinh xt 1y
sinh hoc, nha thi€t k€ nén nghi dén cdc giai doan clia mot hé thdng sinh thdi hoic quan xa
nhu dugec mo ta & hinh 4.4.

S6 lugng p o ‘-,“
VsV .“.' Vs :
4 % Vi khudn
{ f—
[
H ‘ '
[ @5 |
Mao trilng i
1

ot
~ =

i/
Y Gide ht ,‘ﬁ'

Tiém mao

LT
reama,

Thai gian ——»

Hinh 4.4. Sy phit trién cla vi sinh vat trong nudc thai
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4.1.4. Pong hoc ciia qud trinh xit ly sinh hoc.

D€ didm bdo cho qué trinh xi& 1y sinh hoc dién ra c¢6 hiéu qud thi phai tao dugc cic
di€u kién moi trudng nhu pH, nhiét do, chat dinh dudng, thdi gian...t6t nhat cho hé vi sinh.
Khi c4c diéu trén dudc bdo ddm qud trinh xit 1y dién ra nhu sau:

Ting trudng t€ bao: & cd hai trudng hop nudi cdy theo tirng mé hay nudi ciy trong cic
bé c6 dong chiy lién tuc, nude thdi trong cdc bé nay phai dugc khudy tron mot cich lién tuc
va hoan chinh. T6c dd ting trudng cac t& bao vi sinh c¢6 thé bi€u dién biing cong thic sau:

rp=pX

Trong do :

r, : toc dd ting trudng cta vi khudn. Khoi lugng/don vi thé tich trong mot don vi thdi
gian (g/m3.s).

u : toc do ting trudng riéng. 1/thdi gian = 1/s.

X : ndng d sinh vat trong bé hay ndng d6 bin hoat tinh (g/m’=mg/1)

Chdt nén - gidi han ting truéng

Trong trudng hgp nudi cdy theo mé néu chat nén va chit dinh dudng can thiét cho sy
tdng trudng chi c6 vdi s6 lugng han ché thi cdc chat ndy sé dudc dung dén can kiét va qud
trinh ting trudng nging lai. O trudng hop nudi ciy trong bé c6 dong cAp chit nén va chat
dinh dudng lién tuc thi 4nh huéng clia viéc gidm bét din chat nén va chat dinh dudng c6 thé

S
K.+S

biéu dién bing phuong trinh Monod dé xuat (1942, 1949)

=y
s
Trong do:

W : tdc do ting trudng riéng (1/s)

Uy : toc do ting trudng riéng cuc dai (1/s)

S : ndng dd chit nén trong nudc thai & thdi diém sy ting trudng bi han ché.

K, : hiing s6 ban tdc d9, thé€ hién 4nh hudng clia nong d6 chat nén & thdi diém toc do ting
trudng bing Y2 toc do cuc dai (g/m3, mg/1)
Su ting truéng t&¢ bao va si dung chét nén.

Trong ca hai trudng hdp nuodi ciy theo mé v nudi ciy trong bé c6 dong chay lién tuc,
mot phan chit nén duge chuyén thanh cic t€ bao méi, mot phan dugc oxy héa thanh chit vo
cd va hitu co 6n dinh. B&i vi s& t&€ bao mdi sinh ra lai hap thu chit nén va sinh sin ti€p nén
c6 thé thi€t 14p quan hé giita toc dd ting trudng va ludng chit nén dudc st dung theo phuong
trinh sau:

ri=-Yry
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Trong do:
r.: toc do ting trudng cia t€ bio (g/m’.s)

Y : hé s6 ning suit sit dung chat nén cuc dai (mg/mg) (12 ty s& gifta khoi lugng t&€ bao
va khdi lugng chat nén duge tiéu thu do trong mot thdi gian nhit dinh & giai doan ting
trudng Logarit).

rq : toc do s dung chat nén (g/m’.s)

Anh huéng ciia ho hdp néi bao.

Trong cdc cdng trinh x& 1y nudc thdi khong phdi tit cd cdc t€ bao vi sinh vat déu cé
tudi nhu nhau va déu & giai doan sinh trudng Logarit ma c6 mot s6 dang & giai doan chét va
giai doan sinh trudng chdm. Khi tinh todn tdc dd ting trudng cda t& bao phdi tinh todn td hop
hién tuong nay, dé tinh todn gid thi€t ring: sy gidm khdi lugng clia cic t€ bao do chét va
ting trudng cham ty 1& vdi ndng dd vi sinh vt c6 trong nudc thai va goi sy gidm nay 1a do
phan hity n6i bio. Qu4 trinh hd hap ndi bao c6 thé biéu dién don gidn biing phan ng sau:

CsH;O,N + 50— 5CO, + 2H,O + NH5 + Q
113 160
1 1.42

Tu phuong trinh trén cho thdy : néu tat cd cdc t&€ bao bi oxy héa hoan toan thi lugng
COD ctia céc t&€ bao biing 1.42 1an ndng dd t&€ bao.

rq (do phan hiy ndi bao) = -K4.X
Trong d6 K, : hé s& phan hiy ndi bao (1/s)

X : ndng d6 t& bao (ndng do bin hoat tinh) (g/m’)

r = % ~K X
K&t hop véi ting trudng ndi bao, téc dd ting trudng thuc t€ cla t€ bao :
Hay r, =-Yrq- KoX.

Trong d6: 1, : toc do ting trudng thuc cda vi khuin (1/s)

To6c dd ting trudng riéng thuc sé 12 :

T6c dd ting sinh khoi bun hoat tinh sé& 1a :
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Anh hudng ciia nhiét do

Nhiét do nu6c c6 dnh hudng rat 16n dén téc do clia phan tng sinh héa trong qud trinh
Xt 1y nuéc thai. Nhiét dd khong chi dnh hudng dén hoat dong chuyén héa ctia vi sinh vat ma
con tdc dong 16n dén qud trinh hap thu khi oxy vao nudc thdi va qud trinh ling cdc bong cin
vi sinh vat § b€ ling dgt 2. Anh hudng ctia nhiét 6 d&n tdc d6 phan ng sinh héa trong qud
trinh x& 1y nudc thai dugc bidu dién bing cong thifc :

rr=rp00" >
Trong d6 : 1y : toc d6 phin wng & T°C
Iy : t6c dd phan dng & 20°C
0 : hé s6 hoat dong do nhiét do
T : nhiét d6 nudc do bing °C
Gi4 tri 0 trong qua trinh x{ 1y sinh hoc dao dong tir 1.02-1.09 thudng 1ay 1.04

4.1.5. Ung dung su phdt trién ciia vi khudn va hoat dong sit dung chdt nén trong xit ly sinh
hoc.

Tru6e khi thdo luin vé cdc qué trinh phat trién riéng biét dugc st dung cho xt 1y chat
thdi, thi viéc 4p dung cdc dong thdi phat trién sinh hoc va st dung chit nén sé dugc gidi
thich. Muc dich & day 12 mo ta (1) sy phdt trién cda vi sinh vat va sy cAn bing chit nén va
(2) du dodn dugc ndng d6 céc vi sinh vat va chit nén & dau ra. Trong phan thio luan nay,
qué trinh x{ 1y hi€u khi thyc hién trong mot phdn ¢ng tron hoan chinh khong cé sy hdi Iuu.
Qua nghién citu cho thdy qua trinh trén gidéng nhu qua trinh buin hoat tinh khong c6 sy hdi
luu.

4.2. Nam (fungi)

N4am c6 thé dudc xem 13 nguyén sinh vat da t€ bao khong quang hdp va di dudng.
NAam thudng dudc phin loai dua vao hinh thic sinh sdn. Ching sinh sdn hitu tinh hodc vo
tinh bing cdch nhan ddi, ndy chdi hoic tao thanh bao tir. Mdc hay “ndm thit” thudng c6
hinh dang sdi goi 12 mycelium, men ciing 12 nim nhung khong thé tao thinh mycelium va
thudng khong phai 1a dang t&€ bao.

HAu hét céc loai nAm déu c6 thé sdng trong didu kién thi€u khi. Ching c¢6 kha ning
phat trién trong diéu kién d6 4m thap va c6 thé thich ng dudc trong mdi trudng pH thap. pH
t6i uu cho sy phat trién clia hau hét cdc loai nAm 13 5.6 va khodng bi€n dong tir 2-9. NAm
ciing c6 nhu cau nitrogen thap, nhu cdu ctia ching chi khodng biing %2 so véi vi khudn. Kha
ning ctia nim cé thé ton tai trong di€u kién pH va nhu ciu nitrogen thip, kha ning phan
hiy cellusose gap ddi, lam cho chiing trd nén quan trong trong x{ 1y sinh hoc cdc chit thai
cong nghiép va cdc chat thai hitu co & dang rin.
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4.3. Tao (algae)

Téo 1a bon thyc vat da bao hay don bao, tw dudng va quang hop dudc. Chiing ¢6 tim
quan trong trong cdc qud trinh x{ 1y sinh hoc bdi hai 1y do. Trong thiy vuc chiing ¢6 kha
ning tao ra oxygen qua qua trinh quang hgp la sy séng cta hé sinh thdi moi trudng nudc.
D6i véi ao hi€u khi hodc ao oxy héa ky khi khong bt budc hoat dong hiéu qua, thi tdo la
cAn thi€t cho viéc cung cAp oxygen cho vi khuin di dudng hiéu khi.

T4o thudng séng troi ndi va phan phdi trong ca khdi nudc, ciing ¢6 loai tio bam (bam
vao nhitng vat chim trong nudc) hoic sdng ddy (tao thanh 16p trén bé mit clia nén ddy).

Nhitng loai hién dién chinh trong xit 1y sinh hoc gdm:

T4o lam (cyanophyta) gan giong véi vi khuin.

T4o luc (chlorophyta)

Tao nau (chrysophyta)

T4o mit (euglena)

M&i tuong quan sinh hoc giita tdo va vi khuin trong x& 1y nudc thai thé hién & mo
hinh duéi day.

St dung cho muc

dich khéc
Chat thdi hitu cd Oxygen Sinh kh01 tdo
(chtta C, N, P) \ / '\ /
Vi khudn Vi tao __, Nuédc thai
(CssHos5027N14) (C106H181045N16P ) da xi ly
Sinh khéi vi CO,, NH4*, POS* Bic xa 4nh sdng
khuin Dinh duGng khoang mat troi

CO;
khi quyén

Hinh 4.5. M&i tuong quan giita tdo va vi khuan trong x& 1y nudc thai
(theo W. J. Oswald, 1977)
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Vi khuén
Nudc thdi + O, —> bun vi khuin + nudc thdi da dugc xi 1y
Oxy trong trudng hop nay dudc cung cap bdi thyc vat phu du va trao ddi nuSc bé mit
va khong khi.
Thyc vat + dnh sédng
Muéi khodng + CO, > sinh khéi thuc vat + O,

Chlorophylle chira trong vi tdo cho phép ching st dung dnh sdng mit trdi nhu la
ngudn ning luong: d6 14 cdi cd ban clia qud trinh quang hop. Tdo phat trién dudi 4nh sing
ddng thdi trich 14y CO, va chit khodng trong nudc d€ 1am ngudn thiic in cho co thé rdi thai
0Xy vao moi trudng.

Qua4 trinh quang hgp dugc mo ta bGi phudng trinh sau:
CO, + 2H,07 * (CH,O)x + O, + H,O

(CH,0)x dugc xem 1a chat hitu co cla tdo, k&t qua phan tich tdo cho ra cong thic
phtc tap nhu sau:

Téo = Cyp6H;51045N16P.
Va phuong trinh dudc viét lai
Anh sdng
160CO, + 182H,0 + 16NH," + HPO,> — Cio6H151045N 6P + 1180, + 117H,0 + 14H"

Phuong trinh nay 13 bing chiing cho sy c6 mit cAn thié€t clia mudi dinh dudng trong su
sdn sinh to.

Can chi trong dén sy can bing vi trong cin bing nay s& mol O, dugc gidi phong ra it
hon s6 mol CO, dugc tiéu thu.

Su ting pH do CO, chuyén dich cin bing nhu sau:
Ca{' + (HCO3-)2—> CaCO3 + C02 + Hzo

Viao ban dém, qu4 trinh quang hop bi ngling lai va sy hd hap clia tdo gép phan vao
viéc gidm ham lugng oxy hoa tan

(CH,O)x + O,—» CO, + H,0O
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T4o ciing c6 vai trd quan trong trong céc qud trinh xi 1y sinh hoc nhung van dé ngin
can sy phét trién vudt mic cia tdo trong cdc loai nudc ti€p nhin (receiving waters) phai
dudc quan tam dén.

Téao néu khong dugc sit dung hét bdi bon dong vat phi du thudng ling xudng ddy,
diéu d6 cho thiy c6 mot sy & nhiém x4y ra nhung khong dang ké trong nén ddy clia cic ao
xt ly. Nu6c thai sau khi dugc x& 1y d6 vao mdi trudng ti€p nhan vi vdy ma cé chifa vi tdo &
dang phii du cho thay sy & nhiém hitu cd truc ti€p (ham lugng chit hitu cd 16 liing c6 thé dat
dén 0.2kg/m’). Piéu d6 cAn phai c6 mot qué trinh thu hdi va 1am ting gid tri cla tdo khi thai
ra. Mot vai k§ thuat ling loc bing cdc phuong phap vat 1y (ly tim, loc qua mang, 1am khd,
dong tu bing dong dién, tuyén ndi bing dién...) qua ton kém vi vdy hoan toan khong thé
chap nhan dugc trong viéc xit 1y sinh hoc.

Phuong phap kha thi dugc thuc hién bing cich 6n dinh va kéo dai chudi thic in &
nhitng ao cudi 12 nhitng ao nudi c4 st dung tdo 1am ngudn thifc in. Trong tit ci cdc trudng
hop, né€u c6é sy quin ly chinh xdc (suc khi nhan tao trong cdc ao, thu hoach cd thudng
xuyén...) ngudi ta cho ring lic d6 c6 mdt sy kim ham ding ké lugng tdo dugc thai ra moi
trudng ti€p nhan. Mit khéc, sy hién dién clia cdc sinh vat séng (c4, tom, dong vat phu du...)
& céc ao cudi 1a vat chi thi sinh hoc ¢6 gid tri cho biét chat lugng nuéc da dude xi 1y

Ngay nay, do phai tip trung vao viéc dao thdi chit dinh dudng trong cdc qu4 trinh x{
ly. Mot vai nha khoa hoc bién ho sy loai bd nitrogen tir cdc chat thai, nhitng ngudi khac thi
dé nghi sy loai bd phosphorus va mdt s& khac lai khuyén loai bd ca hai. Su lya chon khach
quan cho viéc xi 1y tdc dong dén kiéu clia qua trinh x1 1y dugc Iya chon.
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Chuong 5

XU LY NUGC THAI BANG VI SINH VAT
(€209 )]

5.1. Xit Iy nu6c thdi biing vi sinh dinh bam trong méi trudng hi€u khi (attached
growth treatment process)

5.1.1. Co'sé Iy thuyét cuiia phuong phdp
5.1.1.1. M6 ta qud trinh hinh thanh sinh vdt dinh bdam trén vdt liéu

Phan 16n vi khuin c6 kh4 niing sinh trudng va phdt trién trén bé mit vat rin, khi c6
dli d6 4m va thic dn 14 cdc hdp chat hitu co, mudi khodng va oxy. Vi khuin dinh bdm vao bé
mit vat rin bing chat gelatin do chiing ti€t ra va chiing c6 thé d& dang di chuyén trong 16p
gelatin dinh bam nay. Pau tién vi khuén cu tri tap trung & mot khu vuc, sau d6 mang vi sinh
(biofilm) khong ngirng phdt trién, phi kin toan bd vt rin bing mot 16p don bao. Chat dinh
dudng (hgp chat hitu co, mudi khodng) va oxy c6 trong nudc thdi can xt 1y tao diéu kién cho
16p vi khu&n nay phét trién.

Sau mot thdi gian, sy phan 16p hinh thanh: 16p ngoai cung 1a 16p hi€u khi, dudc oxy
khuyé&ch tdn thAm nhap, 16p trong 12 16p y&ém khi khdng c¢6 oxy. BE day clia hai 16p nay phu
thudc vao loai vat liéu nang dd (vat liéu loc), cudng do gié va nudc qua 16p loc. BE day 16p
hoat tinh hi€u khi thudng khodng 300-400pum.

5.1.1.2. Hiéu qud va phan loai.

Vi khuén trong mang vi sinh dinh bAm hoat dong c6 hiéu qua cao hon vi khuin trong
moi trudng hat cdn 19 1ing.

Qua trinh xtf 1y bing vi sinh dinh bdm hi€u khi trong c4c bé loc sinh hoc dang dudc
diing hién nay c6 thé phan lam hai loai:

- Loai c6 vat liéu ti€p xtic khong ngdp nudc

- Loai c6 vat liéu ti€p xiic ngap trong nudc.
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5.1.2. Béloc sinh hoc co vt liéu tiép xiic khong ngdp nudc.
5.1.2.1. Cdu tao
Bé loc sinh hoc nhé giot

Trong bé loc, cédc 16p vat liéu c¢6 d6 réng va dién tich mit ti€p xiic trong mdt don vi
thé tich 16n nhat trong diéu kién c6 thé. Nudc thii dudc hé thong phan phdi phun thanh giot
déu khip trén bé mit clia 16p vat liéu. NuSc sau khi cham 16p vat liéu chia thanh cdc hat
nhd chdy thanh mang mdng qua khe vat liéu di xudng dudi. Trong thdi gian chdy nhu vay
nudc thai ti€p xiic v6i mang nhay gelatin bim quanh vat liéu loc. Sau mot thdi gian 16p nay
diy 1én ngin cdn oxy clia khong khi thAim vao trong 16p mang nhay. Do khdng c6 oxy, tai
16p trong ctia 16p mang nhdy sit v6i bé mit ciing clia vat liéu loc, vi khudn y&ém khi phat
trién tao ra san phadm phan hiiy y&€m khi cudi cling 12 khi methan va CO, lam tréc 16p mang
ra khéi vat ciing rdi bi nudc cuén xudng phia dudi. Mit khic khi chat nén khong con
khuyé&ch tan t6i 16p bén trong nita, cdc vi sinh vat ¢6 trong 16p va hi€u khi s& chét va tu tiéu
di. Do vay xuAt hién nhitng khodng tréng t&€ bao cho cdc vi sinh hi€u khi va ky khi khdc. Khi
chat nén that sy can kiét, viéc tiéu hiy cdc t& bao con lai 1am cho mang sinh hoc bi tdch rdi
tirng viing ra khdi bé mit. Trén mit vat liéu loc hinh thanh 16p mang mdi. Su tich mang sinh
hoc dudc tao ra va thiic diy bdi dong nudc chdy qua bé mit. Hién tugng nay duge 1ap di lap
lai tudn hoan va nudc thai dugc 1am sach BOD va céc chit dinh dudng. P& tranh hién tugng
tic nghén trong hé thdng phun, trong khe réng 16p vat liéu, trudc bé sinh hoc nhd giot, phai
thi€t k&€ song chin, 1u6i chin, b€ ling dot 1. Nudc sau bé loc sinh hoc c6 nhiéu bun 10 1dng
do cdc mang sinh hoc tréc ra nén phai dudc xit 1y ti€p bing bé ling dgt 2.
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Cdu tao bé loc sinh hoc nhé giot (xem hinh 5.1)

16 th&lnh'diy_ o
T e I N A

r i ==
&

a a -l

L TAng 4G -

S Daycting

Ong phanpnd

2 a o
N _"k '“\. RS

Clta I8y gié s

’
I N 4

\ -}/
Ong c&p vao

4

Méng thu

(5ng dua nudc ra

VAt lidu loc
[ A S

Hinh 5.1. B€ loc sinh hoc nhd giot

a) TAm nhya g&p nép

b) Quéa c4u c6 khe réng
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a. Vatliéu loc.

Vit lidu loc tot nhat 1a vat liéu c6 dién tich bé mit ti€p xiic trong mot don vi thé tich
16n, dd bén cao theo thdi gian, khong bi tit nghén va gid ré. Tuy thudc vao diéu kién tng
dung c6 thé€ chon : than d4, d4 cuc, cudi sdi 16n, dd ong c6 kich thudc trung binh 60-100mm,
néu kich thudc vat liéu nhé hon sé lam gidm d6 rdng, gy tic nghén cuc bd. Néu kich thude
16n hon thi dién tich mit ti€p xiic bi gidm nhiéu, 1Am gidm hiéu qua x{ ly. Chiéu cao 16p vat
liu tir 1.2-2.5m.

Nhitng thap nién gan diy, do k¥ thuit sin xuit nhya PVC phat tri€n, nhitng tAim nhya
diic lugn séng, gdp nép va cic dang khic nhau cla qua ciu nhya da duge dung 1am 16p vat
liéu loc (xem hinh 5.1). Do vat liéu loc nhe, dé 1ip dit va thdo dd nén chiéu cao bé loc sinh
hoc da dugc ting 1én tir 6-9m goi 14 thap loc sinh hoc (xem hinh 5.2) ting chiéu cao lam
gidm dién tich mit bing ctia b€ loc sinh hoc.

V4t lidu lgc _!_I_I_I_I—E“'LI_LI_LF

D&m bé téng T IT =

| SR e

LS théng gié L”- \
|
Try d3 / Pay déc /

Hinh 5.2. Théap loc sinh hoc

Ong dua nudc vao

b. H¢ théng phdn phéi nudc.

Hé thong phan phdi nudc 1am bing dan 6ng nhua ty quay da dudc dua vio tiéu chuin
thi€t k& bé loc sinh hoc vi ¢6 ciu tao don gidn, 1am viéc 6n dinh, dé quin ly. Hé thong gdm
ong ding din nudc vao duge dit § taim bé, dinh 6ng 1ip khép quay hinh ciu dua nudc ra 2
hodc 3 6ng nhanh dit nim ngang song song vSi ban kinh bé (xem hinh 5-1) trén 6ng nhdnh
1ap voi phun hoic 18 phun nudc xudng bé mit bé loc. Cic tia nudc phun ra ciing trén mot
phia, vudng géc va ngugc vé6i chiéu quay clia dng nhanh. Pong luong clia cdc tia nudc bién
thanh lyc 1am cho dan 6ng nhanh quay quanh truc. Téc dd quay thay ddi theo luu Iugng nudc,
thudng tdc d6 quay khodng 1 vong trong 10 phiit (tiy theo diéu kién thdi ti€t va muc dich xi
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ly ma lugng nudc dua vao khdc nhau nén t6c do quay s& khdc nhau). Khi gian phun c6 dinh
phdi bo tri déu 16 phun nudc trén toan dién tich bé, phai c6 thiing chita 1ip xiphong hoat
dong ty dong dé€ cAp nuSc cho dan phun theo titng mé lién tiép.

Khodng céch tir bé mit ciia 16p vt liéu dén voi phun tir 0.2-0.3m d€ 14y khong khi va
dé cho céc tia nu6c phun ra v& déu thianh giot nhé trén toan dién tich bé.

c. San dd va thu nudc.
San dd va thu nudc trong bé loc sinh hoc 1am hai nhiém vu:

(1) Thu déu nuSc cé cdc manh v3 clia mang sinh hoc bi tréc ra chay tir trén xuéng dé din
sang bé ling dgt 2.

(2) Phan phdi déu gié vao bé loc d€ duy tri moi trudng hidu khi trong cc khe rdng.

San d3d 1am biang tAm bé tong, sanh nung hay tAm nhya ting cudng bing sdi thily tinh
c6 khoan 16 hoidc khe cho nudc va khi di qua, dong thdi dd dugc 16p vat liéu loc. Khodng
cdch tlr san phan phoi dén day bé thudng 0.6-0.8m. Pdy bé c6 d6 doc 1-2% vé mang trung
tam.

Xung quanh tudng va do cao giita ddy va sin phan phdi dit cdc cira thong gid, tong
dién tich cdc ctta s thong gi6é bing 20% dién tich san phan phdi.

Gi6 di vao bé loc theo dong ddi luu ctia khong khi dudgc tao ra do chénh léch nhiét do
gitta nudc thai va khong khi quanh bé.

Néu nhiét do nudc thap hon nhiét do khong khi, thi khong khi trong cdc khe rdng cla
16p loc lanh hon khong khi bén ngoai, gié sé di tir trén mit bé loc xudng ddy bé rdi thodt ra
qua cic ctra thong gié. Ngugc lai, n€u nhiét do nudc cao hon nhiét do khong khi, gié sé& di tr
dudi 1én. Khi nhiét @6 nudc va khong khi bing nhau, khong c6 gié di vao bé loc, vi viy &
nhitng bé dién tich va chiéu cao 16n nén bé tri cdc quat thong gio.

5.1.2.2. Phén loai bé loc sinh hoc nhé giot.

Bé€ loc sinh hoc nhé giot dugc phan loai theo tai trong thily luc hodc tai trong cdc chat
hitu cd, bé c6 tai trong thap, bé c6 tai trong cao. Theo bang 5.1.
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Bang 5.1. Phan biét t3i trong cac bé loc sinh hoc nhé giot. (c4c chi tiéu thiét k&)

Théng so Don vi do Tai trong thap Tai trong cao
Chiéu cao Iép vat lieu m 1-3 0.9-2.4 (d4)
6-8 (nhya tim)

Loai vit liéu b4 cuc, than cuc, dd P4 cuc, tan cuc, sdi 16n,

ong, cudi 16n tAm nhya dic, ciu nhua.
Tai trong BOD kg BODs/m’.ngay 0.08-0.4 0.4-1.6
Téc do tai thiy m’/m”.ngiy 1-4.1 4.1-40.7
Heé so tuan hoan R=Q./Q Ty chon 0-1 0.5-2
Téc d tai thiy trén bé miit m*/m*.ngiy 25 16
ciia b€ ling dot 2
Hiéu qua khi¥ BOD sau bé % 80-90 65-85

loc va b€ ling dgt 2

Ghi chi: T6c do tai thiy néu trong bing 12 ty s6 ctia luu lugng nude x& Iy Q (m’/ngay)
cong vdi lvu lugng tudn hoan Q. (m3/ngéy) (néu c6) chia cho dién tich bé miit clia bé loc.

Bé& loc sinh hoc nhd giot tai trong thap quan 1y don gidn, hiéu qua x& Iy dn dinh ngay
ca khi ngudn nudc cé chit lugng dao dong 16n, hiéu qua xi lyctia bé loc phu thudc vio ché
dd tusi nudc titc 1 phu thudc vao vong quay cla thiét bi tusi, hay thé tich thiing do va tich
nudc roi 1ay di bing xi phong, thdi gian gidn doan khodng <5phiit.

5.1.2.3. Tudn hoan nudc.

Da&i véi bé loc cao ti mudn ting hiéu qua x& 1y phdi tuan hoan nudc lai d€ ting thai
gian ti€p xidc cda nudc thdi véi vi sinh dinh bam va gidm ti trong hitu co. Khi tudn hoan lai
nudc, tai trong thliy lyc ting 1én, ddy manh qud trinh tich mang vi sinh vt cii va hinh thanh
mang méi trén bé mit vat liéu, lam gidm hién tugng tic nghén trong céc 16 réng clia 16p vat
liéu, ting luu lugng trong hé phan phdi d€ ddm bao toc d6 quay clia dan dng.

N6i chung, 16p loc ¢6 lugng nude vao 16n, can c6 sy tudn hoan. Trong trudng hgp nay
lugng nudc cap can bdo ddm sao cho c6 sy ddng héa céc vi khuin & nhiéu mitc do khac nhau.
Su tu vét clia vat liéu 16p loc ma trén nhitng vat liéu nay chi tdn tai mot 16p mang hoat tinh
mdng sé& tao ra sy trao d6i nhanh chéng va thic diy manh mé ngay tai 16p loc sy phan hiy
céc chat t€ bao di dudc tao nén. Viéc khoang héa (6n dinh) dugc ddm nhan bdi cic thiét bi
khdc trong hé thong nhu cdc bé ldng so cap va thif cAp.

C6 thé 4p dung mot trong 3 so dd sau: (hinh 5.3)

- So db a: bé loc sinh hoc cao tai, chiéu cao 16p loc tir 0.9-2m. Tudn hoan nudc lién
tuc, nuc tuan hoan 14y tir sau bé ling dot 2 hodc c6 thé sau bé loc, dua vé trude bé ling dot
1. Bun ling & bé ling dot 2 ciing dua vé bé ling dot 1 dé ting cudng qua trinh keo tu trong
bé ling dot 1. Bun x4 ra tir ddy bé ling dot 1 dua di xit 1y tiép.
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- So dé b: nuSe tuan hoan 14y tir sau bé loc dua vé trude bé loc, s6 dd nay cé thé dp
dung cho c4 bé loc tai trong thap va bé loc tai trong cao. Khi cin nitrate héa (chuyén NH,*
thanh NOy) triét @€ nén dung so dd nay cho bé tai trong thap.

- S0 db c: duge st dung khi thi€t k€ dan phan phoi 12 dan phun mua lién tuc dit cao
hon 16p loc 0.5-0.6m, c4c giot mua nhd trdi déu khip dién tich loc.

s 2 e . ~ - P . A A ~ A N ~ .
Khi ap dung bé loc sinh hoc d€ xt 1y nuée thai can quan tim dén moi trudng dé€ loai
trir kha niing sinh sdn cia rudi, mudi, giun sdn, dc, réu...
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Hinh 5.3. Cdc sodé tufn hoan nude & bé loe sinh hoe
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5.1.2.4. BE ldng dot 2.

Bé& ling dgt 2 dit sau bé loc sinh hoc 1am nhiém vu ling gan ra khdi nudc nhitng bong
cin do cdc vidy mang sinh hoc tréc ra. Khac vdi bé ling dgt 2 dit sau bé aerotank, bé 1ing
dgt 2 dit sau bé loc sinh hoc chi ¢6 tudn hoan nuéc ma khong can hoan bun truc ti€p vao bé
loc sinh hoc, néu tudn hoan bun phai dwa viao diu bé ling dgt 1, cho nén néng d6 bun trong
nuée di vao bé ling thudng nhé hon 500mg/l khdng x4y ra hién tugng ling han ché. Tinh
toan bé ling dot 2 nay gidng nhu tinh toan bé ling dgt 1, chi khéc 1a trong tai bé mit bé ling
tinh v6i luu lugng nude xit 1y cong thém Ivu lugng tuan hoan. Tai trong bé mit thudng 14y tir
16-25m°/m*.ngay.

5.1.3. Béloc sinh hoc cé I6p vit liéu ngdp trong nudc

T dau nhitng nim 1990 dén nay, céc nha khoa hoc trong linh vyc xt 1y nu6c thai da
nghién cifu va 4p dung thanh cong vao sin suit cong nghé loc sinh hoc c6 16p vat liéu loc
ngap trong nudc. 0] My, Phap, Uc cong nghé nay da dp dung dé xi Iy nu6c thai sinh hoat va
cong nghiép thuc phdm cong sudt 40.000m’/ngay, dua vio van hanh tir 1994. J Viét Nam
ciing dd 4p dung thanh cong cong nghé ndy tif nim 1995 d€ xi 1y nu6c thdi Bénh vién Pa
khoa Khianh Hoa, Ninh Thuin, Long Xuyén.

5.1.3.1. Cdu tao (xem hinh 5.4)
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Hinh 5.4. So d8 bé loc sinh hoc vat liéu ndi

Ming phan phdi nudc thai sau khi qua b€ 1dng 1 vao cic bé.

Dan 6ng c6 khoan 16 phan phdi nude vao va thu nudc xa riva.

6ng xa nudc rira loc.

Ming thu nudc loc

Ong din nudc di loc sang bé loc dgt 2 hoic vao bé ti€p xdc khit tring nudc.

ARl
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6. Ong din va dan 8ng phan phdi khi

7. Hop ngin nudc trd lai may gio.

8. Ong dan gi6 tir mdy nén t6i

9. Hat vat liéu loc ndi polystyrene dudng kinh 2-5mm. Dién tich bé mit 700-800m*/m’ vat
liu.

10.Lu6i chidn Inox c6 mit ludi 1.5x1.5mm c6 thé thay bing san gin chup loc, c6 khe hé
1.5mm dat ngudc.

11.Khoang tréng dé 16p vat liéu loc gidn nd khi rira = ¥4 chiéu day 16p loc.

12.Chiéu cao 16p nudc dé rira loc thudng tir 1.2-1.4m.

5.1.3.2. Quy trinh vdn hanh.

Nudc thai di qua bé 1ing dot 1 dugc bom 1én mang phan phdi 1, theo dan dng 2 phéan
phdi déu trén dién tich ddy b€, nudc dudc tron déu vdi khong khi cap tir ngoai vao qua dan
ong phan phdi 6. Hon hop khi nuc di ciing chiéu tir dusi 1én qua 16p vat liéu loc. Trong 16p
vat liéu loc xdy ra qud trinh khit BOD va chuyén héa NH," thanh NOs’, 16p vat liéu loc c6
kha ning giff lai cin 10 ltng. Nu6c trong duge thu vao mang 4 theo dng 5 di ra ngoai. Néu
mudn khit BOD, NO;™ va P, nén loc tir hai bac tr§ 1én, & bac loc cudi, dan phan phdi khi dit
vao giita I6p vat liéu loc & cao do sao cho 16p vat liéu loc nim dudi dan phan phéi khi ¢6 du
thé tich 12 viing thi€u khi d€ khit NO; va P. dd chénh léch muc nudc giita cic bé loc 1am
viéc noi ti€p AH=0.5m.

Bé€ loc sinh hoc diing vat liéu ndi c6 kha niing giit dugc trong khe rdng cic vay tréc ra
clia mang sinh hoc bam quanh hat, nén mic du cudng dd gié 16n, nhung ham lugng cin 19
lting trong nudc ra khdi bé loc déu <20mg/l. Do d6 khong can thiét k& bé ling dot 2.

Tém lai viéc x& Iy nudc thdi bing vi sinh dinh bam c6 hiéu qué cao, trong nhiéu
trudng hgp c6 thé dat dé€n 95% viéc loai bd BOD ra khdi nudc thdi, dic biét 1a hé thong loc
cao 4p c6 cong sudt lam viéc rat 16n, nhung dién tich mit bing chi€m it cho nén né rat thuan
tién trong cong viéc 1ip dit thi€t k€ hé thong ciing nhu dé dang van hanh va ki€m sodt
thudng xuyén.

5.2. X@ 1y nuéc thai bing vi sinh yém khi trong méi trudng cin 16 Iiing va méi trudng vi
sinh dinh bam.

5.2.1. Cdc qud trinh sinh hoc va phdn loai cong trinh.
5.2.1.1. Cdc qud trinh sinh hoc.

Xt 1y sinh hoc vi sinh y&m khi 12 qud trinh phan hiy cdc chat hitu cd, vd cd c6 trong
nudc thai khi khong cé oxy. Quy trinh ndy dugc 4p dung tif trudc dén nay dé xi Iy 6n dinh
cin va x{r 1y nudc thdi cong nghiép c6 ndng d6 BOD, COD cao. Mudi nim trd lai diy do
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cdng nghé sinh hoc phit trién, quy trinh xi¥ 1y biing vi sinh y&€m khi dugc 4p dung d€ xit Iy
nudc thai sinh hoat va nudc thdi cong nghiép c6 ndng do BOD tuong ty. Khi ndng d6 BOD
trong nuéc thai 16n hon 500mg/1 4p dung quy trinh x¥ Iy 2 bac. Bac 1 x{t Iy yém khi, bac 2
xtr Iy hi€u khi.

Qud trinh chuyén héa cdc hop chat hitu cd trong nudc thii bing vi sinh yém khi xay
ra theo 3 budc:

(1) Mot nhém vi sinh ty nhién c6 trong nuée thdi thdy phan cic hgp chat hitu cd phic tap va
lipid thanh c4c chat hitu cd don gidn c6 trong ludng nhe nhu monosaccharide, amino acid
dé tao ra ngudn thic in va ning lugng cho vi sinh hoat dong.

(2) Nhém vi khuén tao ra men acid bi€n d6i cac hop chat hitu co don gidn thanh cic acid hitu
cd thudng 1 acid acetic. Nhém vi khudn nay thudng dugc goi 12 nhém “acidogen” hay
“acid former”. Trong s6 cdc vi khudn dugc phan lap tir bé ky khi bao gébm Clostridium
spp., Peptococcus anaerobus, Bifidobacterium spp., Staphylococcus va Escherichia coli.

(3) Nhém vi khudn tao methane chuyén héa hydro va acid acetic thanh khi methane va
carbonic. Nhém vi khu&n ndy dudc goi 1a vi khudn sinh methane hay “methanogen” hay
“methane former”. Bon vi khudn nay thudng dugc tim thdy trong da day clia dong vat va
trong chit nén hitu co 14y tir song va hd. Cdc chi vi khuidn chi yéu duge xdc dinh bao
gdm nhém vi khuan hinh que (Methanobacterium, Methanobacillus) va nhém vi khuin
hinh cdu (Methanococcus, Methanosarcina). Vai trd quan trong clia ching 12 tiéu thu
hydro va acid acetic, chiing ting trudng rat chAm va qué trinh xt Iy yém khi chat thdi
dudc thuc hién khi khi methane va carbonic thodt ra khoéi hdn hop.

Diéu quan trong cin nhd 1a vi khudn sinh methane c6 thé sit dung mot s6 gidi han cdc
chat nén d€ tao thanh khi methane. Ngay nay, ngudi ta biét ring vi khuin sinh methane c6
thé si dung cdc chat nén sau: CO,+H,, formate, acetate, methanol, methylamin va CO.
Phan tting chuyén héa sinh ning lugng di€n hinh lién quan dén céc phiic hgp sau:

4 H, + CO,0— CH4 + 2H,0

4HCOOH———» CH,; + 3 CO, + 2H,0
CH;COOH——— CH,4 + CO,

4CH;0H——— 3CH, + CO, + 2H,0

4(CH3);N + HH O——» 9CH4 + 3CO, + 6H,0 + 4NH;

DPé€ duy tri sy 8n dinh ctia cdc qué trinh xt Iy yém khi, phai duy tri dudc tinh trang cin
bing dong cta qu4 trinh theo 3 budc dd néu trén. Mudn vay phdi :
- Khong c6 oxy
- Khong c6 ham lugng qua miic ctia kim loai ning
- Gia tri ph ctia hdn hgp tir 6.6 dén 7.6.
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- Phai duy tri d6 kiém dd khoang 1000-1500mg/1 lam dung dich dém dé ngin cin ph gidm
xudng duéi 6.2

- Nhiét d6 ctia hdn hgp (nudc thai) tir 27-38"%.

- Phai c6 dii chat dinh dudng theo ty 1& cod:n:p = 350:5:1 va ndng dd thap clia cac kim loai
sit, nikel, dong ....

5.2.1.2. Phan logi qud trinh.

Theo nguyén tic hoat ddng va ciu tao cong trinh cdc bé phan tng x 1y bun va xi 1y
nudc théi trén thyc t€ va trong céc tai liéu x& ly nudc thai qud trinh x{ 1y dudc phan ra nhu
sau:

- BE& phan ting yém khi ti€p xiic: nudc thdi chua xi 1y dugce tron déu va lién tuc vdi bun
y&m khi tudn hoan lai trong b€ kin.

- Bé phan ting vi sinh y&€m khi dinh bam c6 trén c4c tim phing dit trong bé, c6 dong nudc
tlr dudi 1én, hoic tir trén xudng.

- Bé& phan tng vi sinh yém khi dinh bdm trén céc hat cit 16 ling trong nude do van toc
nude di tir dudi 1€n 1am gidn nG 16p cit.

- BE& phan tng c6 dong nudc xi 1y di tir dudi 1én qua 16p cin 10 ling (UASB-Upflow
Anaerobic Sludge Blanket)

- Bé phan ting ¢6 dong nudc di qua 16p ciin 1o limg va loc ti€p qua 16p vt liéu loc ¢& dinh
(upflow sludge blanket/fixed bed).

- HO xtt 1y y&m khi.

Trong phin nay chi gidi thiéu b& UASB va b€ loc yém khi 13 hai loai cong trinh da
duge xay dung va van hanh ¢6 hi€u qua & nudc ta.
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5.2.2. Bé xit Iy yém khi c6 I6p cdn lo liing (UASB).
5.2.2.1. Cdiu tao (Xem hinh 5.5)
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S¢ db cdu tao va nguyén tic hoat dong
ctia b€ phdn tng yém khi UASB

Hinh 5.5. Sd @ ciu tao va nguyén tic hoat dong ctia bé phan ting yém khi UASB

1. BE& diéu hoa luu lugng va tram bom nudc thai.

2. B0 phan do va diéu chinh pH.

3. DPinh lugng chat dinh dudng N, P néu can.

4. Ong din va dan 8ng phan phdi déu nudc thai trong bé.

5. Thé tich viing phan ting y&m khi.

6. Ctta tudn hoan lai cin ling.

7. Tam chin khi.

8. Cita din hon hgp bun nudc sau khi da tdch khi vao ngin ling.
9. Thé tich viing bun ling.

10. Mang thu nudc.

1. Ong dan hdn hop khi methane.

12. Ong din nudc sang bé xit 1y hi€u khi (dot 2).
13. Thung chtra khi.

14. Ong din khi dot.

15. Ong xa bun du thira.
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5.2.2.2. Quy trinh hoat djong.

Nudc thdi sau khi di€u chinh pH theo 6ng din vao hé théng phan phdi ddm bdo phan
phdi déu nudc trén dién tich ddy bé. Nudc thai di tir dudi 1én vdi van tdc V=0.6-0.9m/h. Hon
hdp buin y&ém khi trong b€ hap phu chit hitu co hoa tan trong nuéc thai, phan hiy va chuyén
héa ching thanh khi (khodng 70-80% la methane, 20-30% la carbonic). Bot khi sinh ra bam
vao hat biin c¢in ndi 1én trén 1am x40 tron va gy ra dong tudn hoan cuc bd trong 16p cin Id
Itng, khi hat cin ndi 1én trén va phdi tim chin (7) v& ra, khi thodt 1én trén, cin rdi xudng
dudi. Hon hgp bun nude da tdch hét khi ra ctta (8) vao ngin ling. Nudc théi trong ngin ldng
tdch bin ling xudng ddy qua ctfa (6) tuan hoan lai viing phan ting yém khi. Nu6c trong dang
1én trén dugc thu vao mang (10) theo dng (12) din sang bé 1am sach hi€u khi (Iam sach dgt
2). Khi biogas dugc gian 6ng (11) thu vé binh chifa (13) r6i theo 6ng din khi dot (14) di ra
ngoai.

5.2.2.3. Phdn bd bun trong bé.

Bun trong bé 1 sinh khdi déng vai trdo quyét dinh trong viéc phan hily va chuyén héa
chat hitu cd, bun dudc chia thanh 2 viing rd rét trong bé phan ng. O chiéu cao khodng % bé
tinh tir ddy 1én, 16p bun hinh thanh do cdc hat cin keo tu néng do tit 5-7%, trén 16p nay 1a
16p bun 10 liing ndng @6 tir 1000-3000mg/l gdm céc bong cin chuyén dong giita 16p bun ddy
va bln tudn hoan tir ngin ling rdi xuéng. Trén mit ti€p gidp vdi pha khi, ndng d6 bun trong
nudc bé nhat. Nong dd cao clia buin hoat tinh trong b€ 1am viéc véi tai lugng chat hitu co cao.
Pé€ hinh thanh khdi bun hoat tinh di ndng d6, 1am viéc c¢6 hiéu qua doi héi thdi gian van
hanh khdi dong tir 3-4 thang. N&u cdy vi khuin tao acid va vi khuin tao men methane trudc
vdi ndng dd thich hdp va van hanh véi ch& do thlly luc < ¥4 cong suat thiét k€&, thdi gian khéi
dong c6 thé rit xudng tir 2-3 tuan.

Cin du thira dinh ky x4 ra ngoai. Lugng ciin du thira chi bing 0.15-0.2 ham lugng
COD, ttic biing ¥4 cin sinh ra so vdi khi xt 1y hi€u khi. Cin x4 ra 6n dinh c6 thé dua truc tiép
dén thi€t bi 1am kho.

5.2.2.4. Qud trinh ldng

Hdn hgp vi sinh yé€m khi phan hity chat hitu cd trong bé § tinh trang tron 14n giita 3
pha: khi, nuc, bin. D€ dua nudc ra khéi bé, trudc hét phai tach khi ra khdi hdn hgp bing
cdc tAm tdch khi dit nghiéng so v6i phuong ngang > 55° (kich thudc va cdch b6 tri xem hinh
4-1). Sau khi tiach khi, hdn hgp bun nudc chdy theo cita (8) vdi van téc 9-10m/h vao ngin
ling (9). Thé tich ngin ling tinh theo thdi gian lvu nuée > 1 gis. Cin rdi xudng ddy hinh nén
clia ngin ling chdy qua khe (6) tr lai ngin phan hliy yém khi (5). Tdng chiéu cao ngin
1ing 2m, chiéu cao phan ling > 1 m.
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5.2.2.5. Chi tiéu thiét ké.

Khi thi€t k& bé phdn ting yém khi UASB va bé loc y&€m khi c¢6 thé tham khio s liéu
cho trong bang 5.1, d€ chon thong sd thiét k& thich hop.

Bang 5.2. S6 lidu k¥ thuat tir k&t qua van hanh b€ UASB va bé loc y&m khi

Ngudn nude thai Ham lugng COD  Thdi gian luu Tai lugng COD Hi¢u qua khi
dau vao (mg/l) nudc trong bé (kgCOD/m3.ngz‘1y) COD (%)

Nuéc thai sinh hoat 500-800 4-10 4-10 70-25
Nha may rugu, men 20.000 5-10 14-15 60
rugu

Ché bién bot khoai tay 4.500-7.000 5-10 8-9 75-80
Ché€ bién sita 3.000-3.400 5-10 12 80
Nha may héa chit hitu 18.000 5-10 7-9 90
cd tong hop

Ché& bi€n rau va hoa 8.300 5-10 18 55
qua

Giﬁ’y cac loai 7.700 5-10 12 80
Ch¢€ bién hai san 2.300-3.000 5-10 8-10 75-80

5.2.3. Bélgpc yém khi.

B& loc y&ém khi 12 cot loc dung vat liu loc ndi thudng 1a polyspirene, c6 dudng kinh
hat tir 3-5 mm, chiéu day 2m. CAu tao bé loc (xem hinh 5.6).

65



Ong d&n khira

Méng thu nudc Ngén téch khi

LuGi chén-—\

Ong d&n nudc ra

Lép cén ig ling

Nudc thai vao

Xa cdn du

Hinh 5.6. SJ d6 cdu tao bé loc y&m khi

Nudc thdi di vio bé dugc phian phdi déu theo dién tich ddy bé. Dong nudc di tir dudi
1én ti€p xic v6i khoi bun 10 ldng & 16p loc rdi ti€p xiic vdi khdi hat loc c6 vi khudn yém khi
dinh bam. Chat hitu c¢d hoa tan trong nudc thdi duge hap thu va phan hdy, bun cin dugc giit
lai trong khe rdng ctia 16p loc, sau thdi gian 2-3 thang x4 bun du mot 1an.

Nudc di qua 16p loc dudc tach khi roi chdy vao mang thu theo dng din dua sang xi 1y
hi€u khi.
5.2.4. Ddnh gid qud trinh.

C6 nhiéu di€m thuin 1gi va khong thuin 1di trong viéc xit 1y ky khi cdc hgp chat hitu
cd so vdi cac qud trinh xtt 1y hi€u khi, van dé chinh la t6c d6 phét trién cda cac vi khudn sinh

methane qud thip. Toc do phat trién thAp doi hdi phdi c6 thdi gian luu nuSc dai trong bé
phan hily dé qu4 trinh 6n dinh chat thai x4y ra. Tuy nhién, sy phat trién cham dudc ghi nhan
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cho thay chi c6 mot phin chat hitu co dudc st dung cho viéc tdng hop nén t&€ bao méi. Vi vi
khuin sinh methane thi hau hét cdc chat thi hitu co duge chuyén héa thanh khi methane 13
loai sdn phadm hitu dung diing 1am nhién liéu.

B3i vi téc dd phat trién cla t& bao thap va su chuyén héa cic hdp chat hitu co thanh
khi methane va CO,, két qua 1a chat rin hitu co dudc Sn dinh hgp ly. Sau khi phadi khé va
tdch nudc, bun c6 thé dugc st dung 1am phan bén cho dat.

Nhiét d6 cao can thiét d€ dat dén xi 1y hoan toan thudng dudc xem la bt tién nhat
clia qué trinh xt 1y ky khi; tuy nhién, nhiét @6 cao chi cin thiét khi thdi gian Ivu t&€ bao dd
lau khong thé dat dudc tai mot nhiét dd thap. Trong hé thong xi 1y ky khi thi thdi gian luu t&
bao vi sinh trong bé phan ting bing thdi gian lvu nudc cia dich tron trong bé phan ng. Bdi
vi nhiét 6 van hanh ting cao, thdi gian luu t& bao thdp nhat gidm xudng dang ké. Cho nén,
cung cAp nhiét cho bé phan ng 1am gidm khong chi thdi gian luu t€ bao cin thiét d€ dat dén
xtt 1y hoan toan ma con thdi gian luu nudce, vi thé thé tich bé phan ting nhd hon cé thé dugc
st dung
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Chuong 6

CAC QUA TRINH KHU NITROGEN BANG VI SINH VAT

3

6.1. Su chuyén héa ammonia biing qua trinh nitrate héa sinh hoc (conversion of
ammonia by biological nitrification)

Qud trinh ma trong d6 nitrogen clia nudc thai chua xi 1y 1an lugt duge chuyén hoa dé
tao thanh nitrate duéi tdc dung cda vi sinh vat dugc goi 1a “quad trinh nitrate héa sinh hoc”.
Nuéc thdi da duge xit 1y khi dugc thdi ra doi hdi thda man cdc yéu ciu clia mdi trudng nudc
ti€p nhan noi cin cé sy gidm thi€u nhu ciu oxy nitrogen (oxy can thiét d€ oxy héa cic hop
chit c6 chifa nitrogen) hoic ndi can thi€t phdi c6 sy gidm thi€u kh3 ning giy doc cia
ammonia. Trong phan ndy, qud trinh nitrate héa sinh hoc dudc trinh bay. Cdc qud trinh xit 1y
dugc phan loai va mo ta, ing dung, xem xét va so sanh ky ludng.

6.1.1. Mo td qud trinh

Nitrate héa 12 mdt qud trinh ty dudng (vi du, ning ludng cho sy phat trién cda vi
khu&n dugc 14y tir sy oxy héa cdc hdp chat c6 chita nitrogen, dau tién 13 ammonia). Trdi véi
qud trinh di dudng, cdc vi khuin nitrate héa sit dung CO, (carbon vd co) hon 13 carbon hitu
cd dé tong hgp t&€ bao.

Qud trinh nitrate héa ammonium 13 mdt qué trinh gdm hai buéc lién quan dén hai chi
vi sinh vat, Nitrosomonas va Nitrobacter. Budc tht nhit, ammonium dudc chuyén thanh
nitrite; ti€p dé nitrite dugc chuyén thanh nitrate. Qu4 trinh chuyén héa dude md ta nhu sau:

Budc 1:

NH," +3/20, ——» NO, + 2H" + H,0 (1)
Budc 2:

NO;, + Y20, — > NO; (2)

Phuong trinh 1 va 2 va nhitng phan dng tao ra niang lugng. Nitrosomonas va
Nitrobacter st dung ning lugng dudc sinh ra tif nhitng phdn Gng dé cho su phdt trién va duy
tri t€ bao. Toan bo phdn ing dudc trinh bay qua phuong trinh sau:

NH4+ + 20, — NOj3 + 2H" + H,O
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Vi ning lugng thu dugc, mot vai ion ammonium dudc tich liiy trong t€ bao. Phén tng
tong hop sinh khéi ¢6 thé dudc thé hién nhu sau:

4CO, + HCO; + NH," + H,O——» CsH;0,N + 50,
Cong thitc héa hoc CsH;0,N dudc st dung cho t€ bao vi khudn dugc t()qng hop
Toan bd phan ting oxy héa va tdng hdp c6 thé dudc thé hién nhu sau:
NH, +1.830,+1.98HCO; — 0.021CsH;0,N+0.98NO; +1.041H,0 + 1.88H,CO;
6.1.2. Phdn loai cdc qud trinh nitrate hoa

Céc qua trinh nitrate héa c6 thé dugce phan loai theo mic dd khac biét ciia su oxy hda
carbon lién quan dén nitrate héa. Sy oxy héa carbon va nitrate héa c6 thé x3y ra trong mot
phan ng don, lién quan dén “giai doan don”. Trong qua trinh nitrate héa tdch biét, sy oxy
héa carbon va nitrate hdéa x4y ra § cdc phan tng khdc nhau. Phdn ng ting cudng chat Io
lting hoic ting cudng chit k&t dinh c6 thé dudc st dung cho cd hé thdng phin tng don va
phén ting tich bié€t. M6 hinh phan ing don va phan tng tach biét dugc mo ta G hinh 6.1.

Bé Aerotank khiY BOD Ling dgt2 BE€ Aerotank nitrat héa Ling dg1 2
- |_Ra_
- - A
X4 bin
Tuén hodn biin hoat tinh Tufin hodn biin hoat tinh
Y ]
» X1y bin
a)
Ling dot 1 BE Acrotank déng thoi kit BOD VA nitrsthéa  Lng b hoat tioh nitrat
[ L
X3 bitn can
X4 cén Tufin hodn biln hogt tinh
i
Xit 1§ bin

Hinh 6.1. Qu4 trinh oxy héa carbon va nitrate héa ting cudng chit 10 Iting : (a) so dd loc
sinh hoc tach biét, (b) sd d6 phdi hop.
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Sinh vat nitrate héa hién dién trong hiu hét cdc qud trinh x& 1y sinh hoc, nhung s&
lugng clia chiing thudng gidi han. Khad ning clia cdc qud trinh bun hoat tinh d€ nitrate héa
lién quan dén ti s6 BODs/TKN (total Kjeldahl nitrogen - tong nitrogen tinh theo phuong
phdp phan tich Kjeldahl). Vi ty s6 BODs/TKN nim trong khodng tir 1-3 tuong xting véi cdc
gid tri gip phai trong cic hé thong nitrate héa tdch biét. Ty s6 sinh vat nitrate hdéa dudc ddnh
gid bi€n dong tir 0.21 tai BODs/TKN = 1 d&n 0.083 tai BODs/TKN=3 (xem bang 6.1). Trong
hau hét qua qu4 trinh bun hoat tinh truyén thong, ty sd sinh vt nitrate hda thudng thap hon
0.083. Piéu dé cho thay ring khi BODs/TKN >5, qu4 trinh ¢6 thé dugc xem nhu 12 mot qud
trinh két hop giita oxy héa carbon va nitrate héa, va khi ti s& nay <3, c6 thé dugc x&p vao
qua trinh nitrate héa tach biét.

Bdng 6.1. M6i tudng quan giita phan so sinh vat nitrate héa va ty s6 BODs/TKN

Ty s6 BODs/TKN Phin s6 sinh vat nitrate Ty s6 BODs/TKN Phén s6 sinh vt nitrate

héa héa
0.5 0.35 5 0.054
1 0.21 6 0.043
2 0.12 7 0.037
3 0.083 8 0.033
4 0.064 9 0.029

6.1.3. Su oxy héa carbon va nitrate héa & giai doan don (so dé phéi hgp).

Qua4 trinh nitrate héa cé thé dudc thuc hién trong hé bun hoat tinh ting cudng chat 10
ltng. C4c qud trinh thudng dugc sit dung 1a chdy truyén thdng (conventional plug-flow), tron
hoan chinh (complete-mix), suc khi ting cudng (extended aeration) va nhiéu dang sita ddi
clia muong oxy héa (oxidation ditch). P& dat dugc nitrate héa, ddi hdi c¢é su duy tri cic diéu
kién c6 thé cho sy phdt tri€n clia cdc sinh vit nitrate héa. Vi du, trong viing khi hau 4m 4p,
su nitrate héa ting cudng c6 thé dugc gia ting nhd sy gia ting thdi gian ton tai clia cdc t&
bao trong hé thong xit 1y va su’ cung cAp khi. K§ thuit ndy thudng dugc sit dung dé dat dudc
nitrate héa theo mua.

Hai qué trinh ting cudng két dinh, cé thé dudc st dung cho qud trinh nitrate héa va
oxy héa carbon két hgp, 1a loc nhd giot va ti€p xic sinh hoc. V6i cdc qua trinh ting cudng
chat 10 ling c6 thé dugc ting cudng nhd viéc diéu chinh cdc thong s& diéu khién. Nitrate hoa
thudng c6 thé dudc thuc hién bdi viéc 1am gidm tdc dd tii hoat dugc 4p dung.

Qud trinh ting cuong chdt lo liing. Pong thdi cla qud trinh nitrate héa dudc dinh
nghia 16 ring nhit cho hé thdng ting cudng chit 10 ling. Piéu d6 cho thiy cdc biu thiic
ctia dong luc hoc dugc ding trong qud trinh ting cudng chit 10 ltng hi€u khi c6 thé dudc ap
dung cho qué trinh nitrate héa.

Tu kinh nghiém va nhitng nghién cttu trong phong thi nghiém, cho thdy riing nhitng
nhin t6 sau c6 4nh huéng 1én qué trinh nitrate héa : ndng do ammonia va nitrite, ti s6
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BODs/TKN, ndng do oxy hda tan, nhiét dd va pH. Anh hudng cda nhiing bi€n s6 1én qué
trinh nitrate héa va viéc ti€p can d€ gidi thich ching dugc trinh bay & bing 5-2. C4c nhin t&
ddng 4nh hudng clia dong ning 1én qué trinh nitrate héa ting cudng chat 1o ling 1a kich c&
clia moi trudng va dd sau clia bé.

Viéc ting dung nhitng ti€p cin vé dong ning cho nhitng phan tich qu4 trinh nitrate héa
trong mdt phan ng phitc hgp hoan toan lién quan dén cédc budc sau:

(1) Lya chon mdt nhan t& an toan d€ duy tri hoat @6 dinh, sudt ngdy va thdi gian tdi hoat
ngén.

(2) Lya chon ndng d6 oxy hoa tan thap nhat. DO thdp nhit § mic 2.0mg/l 12 thich hgp dé
tranh viéc gidm hiéu qud ctia DO 1én tdc do nitrate hda.

(3) X4c dinh pH trong qué trinh van hanh. pH bién dong tir 7.0-9.0 1a thich hgp. Mbi mot
mg/l NH,-N bi oxy héa c6 thé gdy nén sy phian hiiy 7.14mg/l kiém (bi€u hién qua
CaCo0s;).

(4) Banh gid téc do phat trién cuc dai ctia cdc vi khudn nitrate héa khong dnh hudng dén su
thay ddi cia nhiét d6, DO va pH.

(5) X4c dinh thdi gian tdn tai it nhat ciia t€ bao dua vao téc do phat trién dudc xdc dinh trong
buéc (4).

(6) X4c dinh thdi gian ton tai cla t&€ bao theo du ki€n bing cdch sit dung nhin t§ an toan
dudc xdc dinh & bude (1).

(7) X4c dinh néng do6 nitrogen clia nudc thai.
(8) X4c dinh thdi gian gitt nudc d€ dat d&én ndng do6 nitrogen can thiét cia nudc thai.

(9) X4c dinh toc do st dung chat hitu tai noi ma qu4 trinh nitrate héa - oxy héa giai doan don
dugc st dung.
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Bang 6.2. Anh hudng ctia nhitng thay d6i mdi trudng va qud trinh hoat dong 1én qud trinh
nitrate hoa ting cudng 1o ling.

Théng s6 moi trudng Mo ta anh huéng

Nong d6 NH,* va NO, Nong @& NH,* va NO, 4anh hudng dén téc dod ting trudng riéng cuc dai cla
nitrosomonas va Nitrobacter. T6c d6 ting trudng clia nitrobacter 16n hon rat
nhiéu so vdi nitrosomonas. Va tdc dd ting trudng chung cda chiing trong qué
trinh 1a:

N

H H K.+ N

u : tdc do ting trudng riéng (1/s)

um : téc do ting trudng riéng cuc dai (1/s)

S : ndng dd chat nén trong nudc thai & thai diém ting trudng bi han ché
K, : hiing s6 ban toc d6

LAy pm = 0.45 ngay " § 15°C

Ty s6 BOD/TKN S6 phan trim cda cdc hop chat hitu cd bi nitrate héa trong qué trinh khit BOD
chiu 4nh hudng ciia ty s6 BOD/TKN. Biéu thi bing:
Fn=[0.16(NHj; bi khi?)]/[0.6(BODs bi khit + 0.16 (NH; bi khi})]

Nong do6 oxy hoa tan Mitc @6 DO 4nh hudng dén tdc do phat trién dic biét p, cda cdc sinh vat nitrate
héa. Anh hudng d6 c6 thé dugc mo hinh héa véi moi tuong quan sau:

Hm =y —————
" Ko, + DO
Dua vao cdc thong tin gidi han c6 thé 14y Ko,=1.3mg/l

Nhiét do (°C) Nhiét @6 4nh hudng rat 16n dén qué trinh nitrate héa
0.098(T -15)

Ho= e

pH T6c dd cyc dai clia nitrate héa xdy ra trong khodng pH tr 7.2 dén 9.0. B&i v6i hé
théng nitrate héa oxy héa carbon dnh hudng ctia pH cé thé dugc tinh theo cong
thic

M= pp[1-0.833(7.2— pH)]

Van dé chinh lién quan d&n phan tich nay 13 viéc xdc dinh thdi gian ton tai t6i thi€u
clia t€ bao trong mdi trudng khic nghiét nhit va viéc sit dung nhan t6 an toan. Su tiép cin
nay 1a can thi€t gidng nhu cdi dugc st dung trong viéc thi€t k€ qud trinh bun hoat tinh ting
cudng chat 1d Iitng trong phan ng tron hoan toan.

Cdc qud trinh tdng cuong dinh bdm (attached-growth processes). Qué trinh ting
cudng chat dinh bam 14 loc nhd giot va bé ti€p xuc sinh hoc. Ngay nay, hiu hét viéc ti€p cin
dé mo t3 sy van hanh cla cdc qua trinh ting cudng dinh badm 13 s& dung cdc nhan td tdi hoat.

D6i v6i loc nhd giot sit dung moi trudng dd, hoat tdi chit hitu cd s& 4nh hudng dén
hiéu suit clia qud trinh nitrate héa vi mang vi khuan chi€m uu thé bdi vi khuin di dudng liic
hoat tdi chat hitu cd cao. P& dat dugc hiéu qua nitrate héa cao, sy hoat tdi chat hitu cd dudc
duy tri trong khodng bi€n dong trong khodng 0.8-2m’/m?.phit. Bi vi hé loc s& dung hop
chita plastic c6 bé mit ti€p xic 16n hon (va s6 lugng vi khudn hoat ddng nhiéu hon), hoat tai
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cao chat hitu co c6 thé dudc thuc hién trong khi vira dat dudc nitrate héa toi wu. Hé loc tot
khdc c6 mdi trudng plastic 1a sy thong gié t6t hon, diéu nay cho phép viéc luin chuyén
oxygen cao hon. So sdnh gifta hai moi trudng dd va plactic cho thdy ring moi trudng plactic
v6i 80% dién tich ti€p xtic s& co thé nitrate hoa khoang hon 60% ammonia trén mot don vi
thé tich trong mot hé thong k&t hop nitrate héa oxy héa carbon.

Trong hé ti€p xiic sinh hoc, lugng ammonia cé thé bi oxy hda tiy thudc vio bé mit
ti€p xtc. Nitrate héa ddng ké s& khong xay ra trong hé ti€p xtc sinh hoc cho d&n khi nong
do BOD; gidm xu6ng 15mg/l hodc thap hon.

6.1.4. Nitrate hoa giai doan kép (so do tach biét).

C4 hai qud trinh ting cudng chat rin 10 ling va két dinh déu dugc st dung trong
nitrate héa giai doan kép, mdi qu4 trinh (oxy héa carbon va nitrate héa) c6 thé dudc thuc
hién mot ciach doc 1ap d€ dat hiéu qua cao nhat. Anh huéng cia doc tinh ¢ thé gidm xudng
bdi vi chat hitu co bi phan hiy sinh hoc, ma chinh né c6 thé giy doc dén céc vi khudn nitrate
héa, dugc loai bd trong giai doan oxy héa carbon.

Mitc do loai bd carbon hitu co trong giai doan oxy héa carbon s& dnh hudng dén su
lya chon va thyc hién qud trinh nitrate héa. Carbon hitu co thdp trong nudc thdi cé thé 1a
thuan 1gi d6i v6i cdc phdn dng ting cudng két 1dng bsi vi midc dd thap nhu thé€ khdi cin phdi
lam sach sau qud trinh nitrate héa. Trong cdc phdn (ng nitrate héa ting cudng chat 10 liing,
carbon hitu cd thdp trong nudc thai cé thé gdy nén sy mat can bing giita chat rin mat di tir
nén ddy clia ao va chit rin dugc tdng hogp trong phan ng. Sy mat cAn biing niy thudng cin
thi€t dé gia ting BOD trong phan ting nitrate héa d€ duy tri gid tri chit rin sinh hoc trong hé
thong nitrate héa.

Ting cuong chdt lo liing. Qua trinh nitrate héa ting cudng chit 10 liing & giai doan
kép gidng nhu trong thi€t k& qué trinh bun hoat tinh. Khi ndng d6 ammonia rit thdp dugc
mong dgi, cdc phan tng tron hoan toan va chay doc (plug-flow) 1a hgp 1y.

D6i véi nitrate héa giai doan két hop, viéc xdc dinh toc dd nitrate héa 12 mot tién
trinh thudng dudc sit dung. Toc do do dat thuc nghiém dudc xem 1a c6 gid tri hon 12 tdc do 1y
thuyét bdi vi sy khé khin d€ dat d&€n sy chia nhd nitrate héa ctia dung dich phic hdp. Toc do
nitrate hoa tang khi nhiét do tang. Gia tri BODs/TKN quan trong trong quad trinh nitrate hoa,
véi tc do nitrate héa ting khi ty s6 nay ting. Toc do nitrate hda ciing bi 4nh hudng bdi gia
tri pH cda hdn hgp dung dich va lam th& nao d€ dinh huéng pH t8i uu cho qud trinh nitrate
héa.
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Tdang cuong dinh bdm. C6 hai loai khdc nhau clia qué trinh ting cudng dinh bam
dugc stt dung thudng xuyén cho qud trinh nitrate héa két hdp: loc nhd giot va bé ti€p xiic
sinh hoc.

Loc nhd giot ¢6 thé dugce st dung cho nitrate héa kép ti€p theo sau qua trinh ting
cudng chit 10 ling st dung cho oxy héa carbon. Su két hdp phd bién hon clia qué trinh nay
12 viéc st dung hé thdng loc nhé giot hai giai doan: giai doan mot dugc st dung cho oxy héa
carbon va giai doan hai 1 nitrate héa. Thap loc st dung chit mang plastic dic biét thich hdp
cho nitrate héa bdi vi dién tich bé mit 16n. Thap loc nén dugc thi€t k& d€ viéc thong khi
dudc ti€n hanh dé dang, néu dugc doi héi.

Khi st dung cho qud trinh nitrate héa sinh hoc, bé ti&p xtc sinh hoc dugc thiét k&
thudng dua trén ndng do ammonia hon 12 th€ tich nudc thai hay ndng do TKN. Cdc tng dung
két hgp oxy héa carbon va nitrate héa nhu 12 mot ti€p cin c6 thé dan dén viéc doi hdi dién
tich bé mit trong phan tng nitrate héa.

6.2. Loai bo nitrogen biing nitrate héa/phan nitrate héa sinh hoc

Trong tit ci cdc phuong phdp dudc st dung cho viéc loai bd nitrogen, thi nitrate hda/
phan nitrate héa sinh hoc 13 t6t nhat vi nhitng 1y do sau: (1) hiéu suit loai bd cao, (2) tinh 6n
dinh va dd chinh xdc clia qua trinh cao, (3) d& diéu khién, (4) dién tich dit yéu cau thap, va
gid thanh hop 1y. Viéc loai bd nitrogen bing qué trinh nitrate héa/phdn nitrate hda sinh hoc
12 mot qué trinh gdm hai budc. Budc thit nhat, ammonia dugc chuyén héa hi€u khi thanh
nitrate (nitrate héa). BuSc thit 2, nitrate dugc chuyén héa thanh khi nitrogen (phan nitrate
héa).

6.2.1. Mo td qud trinh

Viéc loai bd nitrate bdi su chuyén héa thanh khi nitrogen c6 thé dudc thuc hién bing
cdc qud trinh sinh hoc trong diéu kién thi€u khi. Viéc lam gidm NO;-N dudc thyc hién
thong qua déng héa va di héa. Trong qua trinh ddong héa 1am gidm nitrate, NO3-N dudc
chuyén héa thinh ammonia cho viéc st dung clia t& bao trong tong hop sinh hoc va xdy ra
khi NO5-N chi 12 mdt dang nitrogen duy nhat c¢6 sin. Trong qué trinh di héa lam gidm
nitrate, khi nitrogen dugc hinh thanh tit NO;-N: ddy la két qud clia qud trinh phan nitrate
héa trong nuéc thai. Trong hau hét cdc hé thong nitrate héa/phdn nitrate héa, nude thai dudc
nitrate héa phai chita di ham lugng carbon (carbon hitu co) dé€ cung cAp ngudn ning luong
cho viéc chuyén héa nitrate thanh khi nitrogen bdi vi khudn. Nhu ciu carbon cé thé dudc
cung cip tir cdc ngudn bén trong nhu nudc thai va nguyén liéu t€ bio hoic tir bén ngoai (vi
du nhu methanol).
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Bang 6.3. Su so sdnh viéc lya chon qua trinh nitrate hoa

Loai hé thong

Thuén lgi

Khong thuin lgi

Nitrate héa oxy
héa carbon két
hgp
Ting cudng chat 1o
lirng

Ting cudng két

dinh

Nitrate hoéa giai
doan kép

Ting cudng chit 1o
lirng

Ting cudng két

dinh

Viéc xir 1y k&t hop carbon va ammonia
trong mot giai doan don; ammonia
nuéc thai thap; dé kiém sodt su On
dinh dung dich tron nhd vao ty s&
BODs/TKN cao.

X 1y k&t hgp carbon vd ammonia
trong mot giai doan don; viéc 6n dinh
khong cin lién két v6i viéc lam sach
thit cip vi cdc sinh vat di dudc bam
vao gid bam.

C6 su bio vé t6t chong lai hau hét cdc
ddc chat; hoat dong 6n dinh; ammonia
thap 1a c6 thé dugc

C6 su bio vé tot chong lai v6i hau hét
cdc doc chat; hoat dong 6n dinh; viéc
dn dinh khong cadn lién k&t hé lam
sach thit cdp vi cdc sinh vat dudc két
dinh vio chit mang.

Khong c6 su bdo vé ddi véi cic doc
chat; sy 8n dinh trung binh; viéc 6n dinh
phai dugc lién két véi ting dung clia viéc
lam sach cAp hai @& thu hdi sinh khdi;
bé phén ting yéu ciu phai 16n trong thdi
tiét lanh.

Khong c6 sy bdo vé& chdng lai cdc doc
chat; chi 6n dinh trung binh; ammonia
nuc thdi thudng 1-3mg/l; khdéng dng
dung dudc trong mua lanh trong tit ci
moi trudng hgp.

Nudc thai doi hdi phai c6 sy ki€m sodt
cin than khi ti s6 BODs/TKN thap; su
dn dinh clia hoat dong phai lién két véi
hoat dong cdia viéc 1am sach thit cAp dé
thu hoi sinh khdi; doi héi nhiéu hang
muc X 1y hon so véi nitrate héa oxy
héa carbon két hgp.

Ammonia nu6c thdi thudng thip 1-
3mg/l; ddi hdi nhiéu hang muc xt& 1y hon
so véi nitrate héa oxy héa carbon két
hop.

Toc d6 nitrate héa c6 thé dugc mo td bdi cong thifc sau:

Ul

=U,x1.09 7)1 - DO)

U,: toc dd nitrate héa tdng s&

Uy: tc do nitrate héa xdc dinh. kg NO;-N/kg chat rin.d

T: nhiét do nudc thai. °C.

DO: oxy hoa tan trong nudc thai. mg/l.

Gia tri DO trong cdng thifc trén cho thay toc do nitrogen gidm dén tiém cin khong khi
ndng do oxy hoa tan ti€n dé€n 1mg/l. T8¢ dd nitrate héa xac dinh tiy thudc vao ngudn carbon
dugc cho & bang 6.4.
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Bang 6.4. Céc tdc do nitrate héa di€n hinh tily theo ngudn carbon.

Ngudn carbon Toc dd nitrate héa, Uy, kg NO5-N/kg chit rin.ngay Nhiét do, °C
Methanol 0.21-0.32 25
Methanol 0.12-0.90 20
Nudc thdi 0.03-0.11 15-27
Trao ddi chét ndi sinh 0.017 - 0.048 12 -20

6.2.2. Phdn loai cdc qud trinh nitrate héa/phdn nitrate hoa.

Cdc qua trinh phan nitrate héa dugc dinh nghia nhu 1a qud trinh ting cudng 16 ling
thi€u khi va ting cudng két dinh thi€u khi. Trong thdo luin sau nay, viéc phan loai dwa vao
qud trinh nitrate héa dugc thyc hién nhu thé ndo (1) trong cdc hé thong nitrate héa/phin
nitrate héa oxy héa carbon k&t hdp st dung ngudn carbon noi tai va bén ngoai hoic (2) trong
cic phan ting kép st dung methanol hoic modt ngudn carbon hitu ¢d hgp 1y bén ngoai nio dé.
Nhu da ghi chi trudec day, cdc hé thong két hogp thudng lién quan dén “cdc hé théng bun
don” va cdc hé thong nitrate hda/phdn nitrate héa sit dung cdc phan tng kép thudng lién
quan dén “cdc hé thdng bun kép”. Nén nhé ring bun sinh ra trong hé thdng bun kép thudng
c6 tinh chAt khéc nhau.

6.2.2.1. Hé théng nitrate hda/phdn nitrate héa két hop (hé thong bun don).

B4i vi gia thanh clia cdc ngudn carbon bén ngoii cao, cic qud trinh phdt trién trong
d6 céc budce nitrate héa/phan nitrate héa oxy héa carbon thudng dudc két hdp trong mot qua
trinh don, nén st dung ngudn carbon sinh ra tuy nhién trong nuéc thdi. Su thuin Igi hién
nhién cla cdc qud trinh nay bao gdm (1) sy gidm thé tich khi cung cip cho nitrate héa va
khit BODs, (2) bd di viéc cung cip ngudn carbon hitu cd phu trdi (vi du nhu methanol) cho
qud trinh nitrate héa, va (3) loai trir dugc hé thong 1am sach trung gian va hdi luu bun trong
hé thong nitrate héa/phan nitrate héa mot giai doan. HAu hét cic hé thong déu c6 thé loai bd
dugc tir 60 d&€n 80% tdng nitrogen; tdc dd loai bd tir 85 dén 95%.

Trong céc hé thong k&t hdp nay, carbon trong nudc thdi va ngudn carbon con lai sau
khi phan hiy t&€ bao cta sinh vat dudc st dung d€ thuc hién qud trinh nitrate héa. Poi véi
qué trinh nitrate héa, mot chudi luan phién cdc giai doan thi€u khi va hiéu khi (khong c6 &n
dinh trung gian) dugc st dung. C4c viing thi€u khi c6 thé dudc ti€n hanh trong kénh oxy héa
bdi viéc ki€m sodt cdc miic d6 oxy gen cung cip. C4c qud trinh phan ¢ng theo mé lién tuc
dic biét cling duge chdp nhan dé cung cAp cdc thdi ky hi€u khi va thi€u khi sudt chu ky hoat
dong.

T6c do nitrate héa cuc dai cho nudc thai trong hé thong giai doan don bién dong tir
0.075 dén 0.115 kg NO5-N/kg chit rin. ngay & 20°C trong phan tng thi€u khi dudi diéu kién
khong han ch€ carbon. Téc do nitrate héa trong hé thong bun don khodng chirng biing mot
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ntra tdc do nitrate hda cla hé thdng bun kép. St dung ngudn carbon ndi sinh, téc do nitrate
héa bién dong tir 0.017 dén 0.048 kg NO;-N/kg chit rin.ngay.

6.2.2.2. Qud trinh bon giai doan.

Qud trinh bdn giai doan (hinh 6.2 b) sit dung ngudn carbon trong nudc thdi va ngudn
carbon tif sy phan hiiy ndi sinh dé ti€n hanh nitrate héa. Cdc viing phan ting kép dudc sit
dung cho nitrate héa oxy héa carbon va phén nitrate héa thi€u khi. Nudc thai dau tién di vao
viing phén nitrate héa thi€u khi va dudgc tron v6i dung dich dude quay vong tir khoang nitrate
héa oxy héa carbon phia sau. Carbon hién dién trong nudc thai dugc sit dung dé phan nitrate
héa, nitrate dugc quay vong lai. Béi vi chit hitu c¢d cao, nén qua trinh phan nitrate héa dién
ra nhanh. Ammonia trong nudc thdi di qua khong thay ddi qua ao thi€u khi thit nhit d€ dudc
nitrate héa trude khi qua ao hi€u khi thit nhat. Dich tron da dudc nitrate héa tir ao hi€u khi
thit nhat bing qua ving thi€u khi thit hai, ndi diy qu4 trinh phan nitrate héa phu troi x4y ra
stt dung ngudn carbon noi sinh.

Viung hi€u khi thit hai thudng nhé hon va dudc sit dung dé 14y hét khi nitrogen trudc
khi 1am sach. Ammonia thodt ra tif bun trong viing thi€u khi thit hai cling dudc nitrate hda
trong viing hi€u khi cudi ciing. Nhitng sy bi€n ddi cia hé thong cé thé dung cho qué trinh
loai bd nitrogen va phosphorus két hop.
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Ving hi€u khi Aerobic

+ Nudc thdi vado
khit BOD va NH

Y

\ BE ldng
Nubcra
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Thié€t bi 1am thodng / X4 céin va bin du
cipoxy  va khudy trbn

a) Viing anoxic khit NO] thanh N, f
BE€ Aerotank hdn hgp
r | : T N B ling
1 1 | - Nuocra
: ] | | —
Nuc thdi »] Viing anoxic | Ving aerobic | Ving anoxic | Viing aerobic
di vao ) : : :
I .
Tudn hodn cin

Y

X4 cén va bin du
b) Hinh 6.2. So dd cdng trinh xu ly két hgp khit BOD, NH ,NO;

a) Muong oxy héa
b) Bé Aerotank dong chay déu két hgp 4 giai doan

Muong oxy héa. Muong oxy héa dudc st dung dé ti€n hanh nitrate héa va phdn
nitrate héa (hinh 6.2 a). Trong kénh oxy héa, dich tron chdy vong theo kénh, dugc din di va
suc khi bdi cdc thiét bi suc khi. P&i vdi nhitng ing dung nitrate héa/phan nitrate héa, mot
ving hi€u khi dugc dit ngay cudi dong clia mdy suc, va vung ky khi dugc thiét k& diu dong
clia mdy suc. Biing cdch din dong nudc thdi tai ngay diu dong clia ving thi€u khi, mot it
ngudn carbon clia nuéc thdi dugce sit dung cho phdn nitrate héa. Nu6c thai tir bé phan tng
dudc 14y tir ddu cudi cda viung hi€u khi st dung cho viéc 1am sach. B&i vi hé thong chi ¢

viing thi€u khi, viéc loai bd nitrogen thap hon so véi qu4 trinh bon giai doan.

Thiét ké qud trinh cho hé thong nitrate héa/phdn nitrate héa két hop. Cic thii tuc
thi€t k€& cho hé thong nitrate héa/phan nitrate hda ting cudng 16 Iitng két hdp bién dong dua
trén loai qud trinh dugc sit dung. Phuong phap khuéch dai dé xdc dinh thdi gian luu thi€u

khi, hi€u khi va ty s6 quay vong dugc trinh bay dudi day.
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Thira nhan qué trinh nitrate héa hoan toan NO;-N quay vong dén giai doan thi€u khi
va khong chi y d&€n sy ddng héa nitrogen, ty s6 quay vong doi hdi (dich tron + buin hoan luu)
dudgc cho béi cong thic

o (NH ,* = N ), - (NH 4*—N)e_1
(No ;- - N ),

R: ty s6 hoan luu toan bd (dung dich trdn + bun hoan luu)

(NH,*-N),; (NH, -N).: ammonium diu vao va dau ra. mg/l.

(NO5™-N).: nitrate dau ra. mg/I.

H¢ théong phan nitrate héa giai doan kép.

Vao diu nhitng nim 1970, hau hét nhitng ti€p cin dudc chip nhin d6i véi qua trinh
phén nitrate héa sinh hoc 1a sy cong thém vao clia mot hé théng sinh hoc kép st dung
methanol nhu 12 ngudn carbon d€ loai bd nitrate. B&i vi qué trinh nitrate héa/phan nitrate
héa oxy héa carbon x3y ra trong cic phdn tng tdch biét, nén bin sinh ra riéng biét trong mdi
phan tng, vi thé€ tén “hé thong bun tich biét” dudc st dung thudng xuyén. BSi vi ngudn
carbon dudi dang methanol dudc thém vao nhi€u hon nhu ciu doi héi sé dude do dudi dang
BOD, nén sy chii ¥ ciAn than phai dugc danh hét cho cong viéc thiét k&€ va hoat dong cia
nhan t6 nay ctia hé thong.

Khi st dung methanol nhu 1a mdt ngudn carbon thi qua trinh phan nitrate héa giai
doan kép c6 thé dugc mo ta nhu sau. Phan ting ning lugng cé thé duge trinh bay qua phudng
trinh:

Phan tng nang lugng, budc 1:

6NO; + 2CH;0H —— 6NO, + 2CO; + 4H,0

Phan tng ning lugng, budc 2:

6NO; + 2CH;0H—— > 3N, + 3CO, + 3H,0 + 60H"
Phén ng ning lugng todn phan:

6NO; + SCH;OH— 5CO; + 3N, + 7H,0 + 60H
Mot phan tng tdng hgp dugc dua ra bdi McCarry nhu sau:
3NO; + 14CH;0H + CO, + 3H=—>»3CsH,0,N + H,0

Trong thuc nghiém, 25 dén 30% luong methanol yéu ciu ciAp ning lugng cho viéc
tong hdp. Nhitng nghién cttu cd ban trong phong thi nghiém, cong thiic sau dudc dua ra dé
md ta phan ng loai nitrate todn phan.
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Viéc loai b nitrate hoan toan
NO; + 1.08CH;0H + H— 0.065CsH,0sN + 0.47N, + 0.76CO, + 2.44H,0

Né€u tit ¢ nitrogen dudi dang nitrate, thi nhu cAu methanol tdng s& cé thé dugc xdc
dinh bdi cong thifc trén. Tuy nhién, nudc thdi dude x{ 1y dugc nitrate hdéa cé thé chita mot
vai nitrite va DO. NGi ma nitrate, nitrite va DO hién dién, thi nhu cAu methanol c6 thé dudgc
tinh todn theo kinh nghi€ém bdi cong thiic.

Cn =247N, + 1.53N; + 0.87D,

Trong do:

Cp : ndng dd methanol yéu ciu (mg/l).
Ny : ndng do nitrate ban dau (mg/l)

N, : néng do nitrite ban dau (mg/l)

Dy : ndng d6 oxy hoa tan ban dau (mg/1)

Tdng cuong chdt lo liing.Viéc thét k&€ hé thdng phan nitrate héa ting cudng chit 10
lting gidng vdi viéc thi€t k& hé thdng bun hoat tinh dugc st dung d€ loai carbon hitu co. Ca
hai phan t@ng tron hoan toan va chdy doc (plug - flow) dugc st dung. B&i vi khi nitrogen giai
phéng sudt qud trinh phdn nitrate héa thudng bdm vao chat rin sinh hoc, vi th€ budc gidi
phéng nitrogen bao gdm giita thié€t bi phan tng va ling nén ddy dudc sit dung d€ tich chat
ran sinh hoc. Viéc loai bd khi nitrogen bdm vio c6 thé dudc thuc hién hoic 13 trong kénh
suc khi ma kénh nay dugc st dung dé noi céc thiét bi phan @ng sinh hoc va &n dinh hoic
trong bé tdch ma trong d6 chat rin dudc suc khi trong mot khodng thdi gian ngidn (5 dén 10
phuit).

Chat rdn 10 Iing dich tron dé bay hdi trong cdc phdn tng nitrate héa dudc tao thanh
bdi cdc sinh vat c6 trach nhiém trong viéc chuyén héa carbon hitu co (BOD) va qué trinh
nitrate héa. Toan bd chat rin 16 liing cia dich tron trong phan @ng nitrate héa thudng cao
hon tir 50 d&€n 100% chit rin 16 ling ctia dich tron dé bay hoi va c6 thé bao gdm chat két tia
héa hoc néu két tia phén dudc st dung cho viéc loai bd phosphorus. Trong cdc phan tng
phén nitrate hda, chat rin 10 ling dé bay hdi clia dich tron dudc quan sit khodng 40 dén 70%
chat ring 1o lting dich tron.

Anh hudng cla nhitng bién ddi moi trudng va van hanh chinh 1én qud trinh phan
nitrate héa giai doan kép 12 ndng do nitrate, ndng do carbon, nhiét dd va pH.
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Tdng cuong két dinh. Mot sd cic qud trinh phdn nitrate héa ting cudng két dinh,
nhiéu cdi doc quyén, dudc phat trién. C4c qud trinh ting cudng dinh bam chii y&u dudc md
td & bang 6-5. Cic b€ phan tng nén dung dich (fluidized-bed reactors) va hé ti€p xic sinh
hoc quay (rotating biological contactors - RBCs) thudng dudc st dung nhat. Trong b€ phan
ting nén dung dich, nudc thdi dugc xt 1y bing qua hudng 1én trén mot 16p nguyén liéu c6 hat
min, nhu cét, véi toc do vira phdi dé€n moi trudng 16ng. Sy dung mdi héa gia ting can thiét
bé mit xdc dinh va cho phép ndéng do6 sinh khdi cao trong bé phin tng. BE phin tng cin
phdi c6 khodng tréng nhd va don gidn d€ thao tic.

Bang 6-5. Mo td cdc hé thong phén nitrate héa ting cudng két dinh.

Phén loai M6 ta Téc d6 loai thai dién hinh &
20°C (kg/m’.d)

Bé phan tting nén déng kin

DAy khi (Gas-filled) Bé dudgc boc kin va 14p day bdi khi nitrogen, 1.6- 1.8
diéu nay loai bd sy cin thiét phai nhan chim
moi trudng dé duy tri cdc diéu kién thigu khi.

DAy chat 16ng (liquid-filled) Bé& phan ting nén déng kin dugc 14p ddy chat 0.1-0.13
16ng v6i méi trudng cé dd x0p cao va thap, doi
héi phai c6 viéc rita sach mdi trudng d€ ki€m
soat sinh khdi.

Bé phén ting nén chat 16ng

Mbi trudng c6 do x0p cao, cit Do x0p thay d6i bing cich ting d6 dam dic 12-16
min clia moi trudng va tdc do chiy.

Mbi trudng c6 d6 x6p cao, 48-6.0
carbon hoat tinh

Bé ti€p xiic sinh hoc B¢ ti€p xic gidng véi xi 1y hi€u khi ngoai trir

mdi trudng dudc nhan chim

Viéc tng dung RBCs cho phdn nitrate héa giong nhu tng dung cho cdc x{ 1y hi€u khi,
ngoai trir moi trudng hoan toan chim dé tranh viéc oxy héa dung dich.

Céc ti€p cin hau nhu dugc si dung trong viéc ddnh gid sy thuc hién cla qud trinh
phan nitrogen ting cudng két dinh lién quan dén viéc sit dung céc thong sd tdc do loai thai.
Cho dau mot vai dit liéu tng dung dudc bdo cdo & bing 6-3, cdc budc clia hé thong phdi
dugc diéu khién d€ xac dinh dong thdi clia qua trinh khi chiing dugc xem xét dé su dung.
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Chuong 7

KHﬁ’ PHOSPHORUS BZNG CAC PHUONG PHAP SINH HQC
B

7.1. Cac qua trinh khit phosphorus

Trong nhitng nim gan day, mot s& lugng 16n cdc qua trinh khit phosphorus bing k§
thuat sinh hoc dugc phdt trién d€ thay thé cho viéc xi 1y héa hoc. Nhu da dudc md t3 & phan
tru6c, phosphorus dugc loai thdi trong xi&t 1y sinh hoc bing viéc hap thu orthophosphate,
polyphosphate va hdp chit phosphorus hitu co vao trong t€ bao. Tdng luong dugc loai thai
tiy thudc vao lugng chit rin thuc duge sinh ra. Thanh phan phosphorus trong t€ bao vao
khodng 1/5 ham ludng nitrogen: thanh phan phosphorus thyc t& c6 thé bién dong tir 1/7 dén
1/3 gid tri nitrogen tlly thudc vao cdc diéu kién x4c dinh clia moi trudng. Tinh trung binh,
ham lugng phosphorus dudc loai thai sudt xi 1y thit cAp c6 thé bién dong tir 10 dén 30%
lugng nudc thai. Bing cdch st dung mdt trong cic qua trinh khi, viéc khit dat duge ddng ké
c6 thé vuot ra khdi khodng bi€n dong nay.

Nhan t6 quan trong trong viéc khit phosphorus bing sinh hoc la vai trd clia vi sinh vat
dudc luan phién trong cdc diéu kién ky khi va hi€u khi. Nhu dudc thdo luin § tiét tru6e céc
diéu kién luan phién tip trung vao vi sinh vat d€ viéc ddng héa phosphorus ciia ching vugt
hon mic binh thudng. Phosphorus khdng chi dugc st dung d€ duy tri t&€ bao, tdng hop va van
chuyén niing lugng ma con dudgc tich lily cho viéc sit dung sau nay bdi vi sinh vat. Nudc thii
chita phosphorus vudt trdi hoic 13 duge 1am sach hoic 1a dugc khir qua hé thong phu dé gidi
phéng ham lugng vuot troi dé. Biing chitng clia viéc luan phién tir dicu kién ky khi sang hi€u
khi c6 thé dugc thuc hién trong qud trinh x& 1y chinh, hodc “dong chinh” (mainstream) hodc
dong bun hdi luu, hoic “dong phu” (sidestream) (xem hinh 7-1). Mot vai qud trinh xt@ 1y
sinh hoc dién hinh dugc st dung cho viéc khit phosphorus sé& duge md ta trong phan nay. Céc
qud trinh d6 1a (1) qué trinh A/O (Anearobic/Oxic stages) dung cho viéc khir phosphorus
dong chinh, (2) qué trinh PhoStrip (phosphorus strip - lam sach phosphorus) dugc st dung
cho khtt phosphorus dong phy, va (3) phdan ¢ng mé lién tuc (sequencing batch reactor - SBR).
SBR dugc ding cho xit Iy dong chdy nhd hon va ciing c6 thé tao nén sy linh hoat cho qué
trinh van hanh, diéu nay cho phép viéc khit nitrogen c6 thé két hgp thém vao viéc khir
phosphorus. Thong tin vé thi€t k& dién hinh cho cdc qud trinh dudc trinh bay & bang 7-1.
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Bé& phin ng c¢6 dong chdy déu
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X4 ciin di khi phosphore bing v6i
Hinh 7.1.8d dd cdc gidi phdp khit phosphore

a) Xt 1y cin riéng (Qud trinh A/O)

b) Xt 1y cin tai tram xi& 1§ k€t hgp ting cudng qud trinh 1&n men
(Qu4 trinh PhoStrip)
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Bang 7-1. Thong tin thiét k& dién hinh cho cdc qud trinh khit phosphorus bin phuong phiap
sinh hoc.

Qua trinh

Thong s thiét k& Don vi A/O PhoStrip Phan ¢ng mé
lién tuc

TV s6 gifta thic dn va vi sinh vat (F/M) Kg BOD/kg chat 0.2-0.7 0.1-0.5 0.15-0.5

nén.ngay

Thoi gian Ivu chét rin Ngay 2-25 10-30

Chat rin 10 liing trong bin 1dng Mg/l 2000 - 4000 600 - 5000 2000 - 3000

Thdi gian luu nude Gio

Vung ky khi 05-1.5 8-12 1.8-3

Ving hi€u khi 1-3 4-10 1-4

Biin hoat tinh hdi luu % chat thai 25-40 20 - 50

Tuan hoan ndi tai % chat thai 10 - 20

7.1.1. Qud trinh A/O (khit phosphorus dong chinh)

Qud trinh A/O dugc st dung d€ oxy héa carbon vé6i khit phosphorus két hop tir nuéc
thdi. Qud trinh A/O 12 mot hé thong ting cudng chit 1o litng bun don, hé thong nay két hop
hai phan ky khi va hi€u khi theo thit t (hinh 7-1 a). Viéc cung cip c6 thé dugc ti€n hanh cho
qué trinh nitrate héa bing kéo dai thdi gian luu nudc trong giai doan hi€u khi. Bun 6n dinh
dudc hoi luu cho dau vao clia bé phan ng va tron vdi nude thai dang di vao. Duéi diéu kién
ky khi, phosphorus chita trong nudc thdi va sinh khdi clia t&€ bao dugc gidi phong dudi dang
phosphate hoa tan. Viéc 1am gidm mot it BOD ciing x4y ra trong giai doan nay. Roi
phosphorus dudc ddng héa trong sinh khoi t€ bao & viing hi€u khi. Phosphorus dudc loai thai
tir dong dung dich trong bun hoat tinh. Nong do phosphorus & diu ra tuy thudc chd yé&u vao
ty s6 BOD va phosphorus trong nu6c thdi da dudc xtt 1y. Theo bdo cdo thi ty s6 nay vudt qud
10/1, gid tri phosphorus hoa tan dau ra cé thé dat dugc 1mg/l hodc thap hon. Trong trudng
hdp ty s6 BOD/phosphorus thap hon 10/1, cdc mudi kim loai ¢6 thé dugc thém vao qud trinh
dé dat d€n ndng dd phosphorus thap nhat.

7.1.2. Qud trinh PhoStrip (khit phosphorus dong phu)

Trong qud trinh PhoStrip, mdt phan cda bun hoat tinh hdi luu tir qud trinh xi¥ 1y sinh
hoc dugc 1am 1éch huéng qua bé 1am sach phosphorus ky khi (hinh 7-1 b), thdi gian lvu nu6c
trong b€ 1am sach nay bi€n dong dién hinh tir 8 - 12 gid. Phosphorus dudc gidi phéng trong
bé 1am sach di ra bén ngoai bé trong chat ndi trén mit, va bun hoat tinh nghéo phosphorus
dugc dua trd lai bé hi€u khi. Ch4t ndi trén mit gidu phosphorus dugc xi 1y v6i voi hoic chat
keo tu khic trong bé tach va dudc ddy vio cdc bé ling sd cAp hoic bé két bong/ gan loc dé
tdch chit rin. Phosphorus dudc loai bd tir hé thong bing két tha héa hoc. Hé thdng PhoStrip
va cdc hé thong bun hoat tinh c6 lién quan khéc c6 khd ning lam gidm lugng phosphorus &
diu ra dé&n gi4 tri nhd hon 1.5mg/1 trude khi loc.
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7.1.3. B€ phdn ting mé lién tuc (SBR).

B€ phan ting mé lién tuc c6 thé dugc tng dung dé€ dat dén viéc két hgp bat ky qua
trinh oxy héa carbon, gidm nitrogen, va loai thai phosphorus nao. Qua trinh lam gidm céc
cAu thanh clia nu6c thai c6 thé dugce thuc hién véi viéc b sung hoic khong bd sung thém
héa chat bing cach thay d6i sy van hanh ciia cdc bé phan tng. Phosphorus cé thé dudc loai
thai bdi viéc bd sung thém cic chit keo tu hoic bing sinh hoc khdng bd sung thém chat keo
tu. Trong mo hinh 7-2, su gidi phéng phosphorus va dong héa BOD sé& xdy ra trong pha tron
ky khi, v6i sy ddng héa ti€p sau trong pha tron hi€u khi. Viéc chinh sita thdi gian phan tng
lam cho qua trinh nitrate héa va loai thdi nitrogen c6 thé ciing dugc thyc hién. Thdi gian
quay vong c6 thé bi€n dong tir 3 d&€n 24 gis. Ngudn carbon trong pha thi€u khi duge doi héi
dé gitip dd qu4 trinh phan nitrate héa - hodc ngudn carbon bén ngoai hoic sy hd hap nodi sinh
clia sinh khdi ton tai trong nu6c thai.

-

=l

Loc Khudy Khudy Khudy O dinh 1ing
ky khi hi€ukhi  thi€u khi

Hinh 7-2. Phan tng theo tiirng mé lién tuc tng dung cho khi carbon, nitrogen va phosphorus.
7.1.4. So sdnh cdc qud trinh khit phosphorus sinh hoc.

Mot sy so sdnh tong quat clia cdc qua trinh khit phosphorus sinh hoc khdc nhau dugc
trinh bay qua bang 7-2. Dva trén nhitng thdo luin truGc ddy, cdc qua trinh sinh hoc mang lai
nhiéu thuin 1gi cho viéc loai b cdc thanh phan dinh dudng trong viéc xi¥ 1y. Vi nhu ciu loai
bd chat dinh dudng gia ting, cdc viéc stra chita doi v6i cdc qud trinh nay s& ludn ludn phat
trién va ngay cang cé nhiéu loai hé thong xi 1y dudc st dung. Bdi vi viéc 4p dung thanh
cong clia nhiéu qud trinh ty thudc vao diéu kién xéc dinh cla dia phuong, cdc khu xit 1y thi
di€m phai dugc quan tAim dén d€ phat trién dit liéu van hanh va cdc thong sd thiét k€.
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Bang 7-2. Sy thuén I¢i va bat 1gi clia cdc qud trinh loai thdi phosphorus sinh hoc.

Qua trinh

Thuén lgi

Khéng thuin lgi

A/O

PhoStrip

Phin dng
ti'ng mé
lién tuc

- Sy vin hanh don gidn so vdi cdc qud trinh
khic.

- Buin thdi c6 thanh phin phosphorus cao (3-5%)
va c¢0 gid tri lam phan bon.

- Thi gian luu nuée ngén.

- Miic do lam gidm hiéu qua cta viéc kha
phosphorus c6 thé€ chadp nhan dudc, qué trinh c6
1& dat dén viéc nitrate hda hoan toan.

- C6 thé két hop dé dang vao trong céc hé théng
xtt 1y biin hoat tinh dang ton tai.

- Qud trinh linh hoat : qué trinh khtt phosphorus
khong bi diéu khién bdi ty s6 BOD/phosphorus.
- Mot vai khu xt 1y & US.

- It st dung héa chat hon so véi su két tha héa
hoc dong chinh.

- C6 thé dat d&€n ndng dd orthophosphate thap
hon 1.5mg/1.

- Qud trinh rat linh hoat cho viéc két hgp viéce
khi nitrogen va phosphorus.

- Qud trinh don gian dé van hanh

- Chat rin dich tron khong thé dudc rita sach bdi
su ding nuéc

- Khong c6 kha niing dat d&€n mic d6 cao cia
viéc khir phosphorus va nitrogen ddng thdi.

- Trong diéu kién thdi tiét lanh, qué trinh van
hanh khong bdo dam.

- Doi héi ty s6 BOD/P cao.

- Thdi gian luu t&€ bao hi€u khi gidm, thi doi
héi phai c6 thiét bi cung cip oxy véi tdc do rat
cao.

- Su linh dong kiém so4t qua trinh bi gi6i han.
- Yéu ciu thém voi @€ két thia phosphorus.

- Yéu ciu oxy hoa tan cao hon ctia dich tron
dé ngin can sy gidi phéng phosphorus trong bé&
loc cudi cling.

- Poi hdi phdi c6 thém bé cho viéc lam sach.

- Cin voi 1a mot van dé cho viéc duy tri.

- Chi thich hgp véi nhitng dong chay nhd.

- Boi héi phéi ¢6 cdc don vi thira.

- Chét lugng nude dau ra tiy thudc vao thiét b
ling.

- Thong sd thiét k& han ché.

7.2. Viéc khit nitrogen va phosphorus két hgp bing cdc phuong phap xit 1y sinh
hoc.

Mot s6 cdc qud trinh sinh hoc da va dang phat trién cho viéc khi két hop nitrogen va
phosphorus. Nhiéu qu4 trinh clia phuong phdp nay la doc quyén va sit dung mot dang cla
qud trinh bun hoat tinh, nhung két hgp cic vung ky khi, thi€u khi va hi€u khi hodc nhitng
ngin d€ tién hanh loai thai nitrogen va phosphorus. Mot vai qud trinh xuat phét tir viéc loai
thai phosphorus sau d6 dugc két hgp vao cic hé thong loai thii phosphorus va nitrogen. Hiu
hét thudng st dung cdc qué trinh cho viéc loai thdi phosphorus va nitrogen két hgp 1a (1)
qud trinh A%/0, (2) qud trinh Bardenpho 5 giai doan, nhitng qué trinh nay sé dugc md ta
trong phan nay. Hai qu4 trinh trén dudc md hinh héa & hinh 7-3. Nhitng thong tin thiét k&
dién hinh dugc gi6i thiéu & bang 7-3. Phan tng theo mé lién tuc, dugc mo td & phan dau,
ciing dugc st dung cho viéc khit nitrogen va phosphorus két hop.
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Bang 7-3. C4c thdng sd thi€t k€& cho qu4 trinh khi¥ nitrogen va phosphorus két hop

Qua trinh

Thong sd ban vi A%’/0 5 giai doan
Ty s6 thitc dn / chat nén Kg BOD/kg chat 0.15-0.25 0.1-0.2
nén.ngay
Thoi gian luu chat rin Ngay 4-7 10-40
Chat riin 10 litng trong dich Mg/l 3.000-5.000 2.000-4.000
Thdi gian luu nuée Gig
Vung ky khi 0.5-1.5 1-2
Vung thié¢u khi -1 0.5-1 2-4
Viung hi€u khi -1 3.5-6 4-12
Vung thi€u khi -2 2-4
Vung ky khi -2 0.5-1
Bun hoat tinh hdi luu % nudc thai 20-50 50-100

7.2.1. Qud trinh A*/0.

Qud trinh A*/O 12 mdt sita d8i ctia qud trinh A/O va cung cAp thém mot viing thiu khi
cho sy stta d8i nay (hinh 7-2 bén trén trén). Thdi gian luu nudc trong viing thi€u khi khodng
chirng 1 gid. Vung thi€u khi thi€u hut oxy hoa tan, nhung oxy héa hdp dudi dang nitrate va
nitrite dudc dwa vao bdi dich tron hdi luu tir phan hi€u khi. Nong d6 phosphorus trong nudc
thai dau ra thudng nhd hon 2mg/l ¢6 thé dudec mong dgi khong can phadi qua loc, nhung néu
qua loc thi ndng dd phosphorus cé thé gidm xudng thap hon 1.5mg/l.

7.2.2. Qud trinh 5 giai doan

Qud trinh 5 giai doan c6é thé dugc stta ddi cho viéc khir két hdp nitrogen va
phosphorus. Viéc sita ddi qud trinh 5 giai doan k&t hdp thém mot giai doan thit 5 (giai doan
ky khi) diing cho viéc khtr phosphorus (xem hinh 7-3 bén du6i). Phuong phdp lién tuc va hdi
lwu khic v6i qué trinh A*/O. Hé thong 5 giai doan cung cip cdc giai doan ky khi, thi€u khi
va hi€u khi dé€ khtt phosphorus, nitrogen va carbon. Giai doan thi€u khi thit 2 dugc cung cip
cho qu4 trinh nitrate héa phu thém sit dung nitrate dugc sinh ra trong giai doan hi€u khi nhu
12 chat nhan dién t va carbon hifu co ndi sinh nhu 12 chat cho dién t. Giai doan hi€u khi
cudi cuing dugc st dung d€ 1am sach khi nitrogen tir dung dich va 1am gidm t&i thi€u sy gidi
phéng phosphorus trong thi€t bi 1am sach cudi cuing. Dich tron tf ving hi€u khi thi nhat
dudc hoi luu trd lai viing thi€u khi.
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Hinh 7-3. So db cong nghé tram xi ly NH; ,PO; ,BOD

7.2.3. So sdnh cdc qud trinh khit nitrogen va phosphorus sinh hoc két hop.

Viéc so sanh cdc qud trinh khit nitrogen va phosphorus sinh hoc két hop dudc gidi
thiéu & bang 7-4. Cac thuin lgi dugc chia sé béi tit cd cdc qua trinh nay 12 s& lugng bun hoat
tinh dugc sinh ra so v6i viéc sdn xuat bin tif cdc hé thong bun hoat tinh truyén thong, va cin
it hoiic khong can thi€t c6 cdc chit héa hoc cho viéc khit phosphorus. Mot vai qud trinh dugc
stta d8i c6 thé dudc st dung chi dé khit nitrogen hoic phosphorus.
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Bang 7-4. Nhitng thuan 1¢i va bat 1di clia qud trinh khi¥ nitrogen va phosphorus két hgp.

Qua trinh Nhirng thuin lgi Khéng thuin lgi

A%0 Biin thai c6 thanh phin phosphorus khd cao Khé van hanh dudi thdi tiét lanh.
(3-5%) va c6 gia tri lam phan bon.
Cung cip khd ning phan nitrate héa t6t hon Phic tap hon A/O

A/O
Quéa trinh 5 Sinh ra bin hoat it nhit trong tit cd cdc hé Tudn hoan noi16n ting ning lugng cung cAp
giai doan théng loai phosphorus. va yéu ciu duy tri.

Buin thdi ¢6 thanh phan phosphorus kh4 cao va  Kinh nghiém gi6i han & US.

c6 gid tri 1am phén bén. Doi héi cung cip thém héa chat.

Téng nitrogen gidm d&én mic do thAp hon haiu  Poi héi thé tich b& phin tng hon qué trinh
hét cdc qué trinh khdc. A/O.

Kiém quay trd lai hé thong, bing cdch nay Sy lip dit ban ddu gidm kh3 ning cla qua
1am gidm hoic loai trir s cAn thi€t cho viéc b8  trinh dé loai bd nitrogen va phosphorus.

sung héa chat. Yéu cau ty s& BOD/P cao.
Pugc st dung rong rdi § Nam phi va cdc dit Anh hudng ciia nhiét dd 1én qud trinh khong
liéu quan trong c6 sin. rd rang.
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Chuong 8

CAC HE THONG XU LY TU NHIEN VA UNG DUNG

C ot 0

8.1. C4ac hé théng xi¥ 1y ty nhién

Trong modi trudng tuv nhién, cdc qud trinh vat 1y, hda hoc, sinh hoc xdy ra khi nudc dat,
hé thuc vat, vi sinh vat va khi quyén tuong tdc vdi nhau. Hé thong x 1y tu nhién dugc thiét
k& nhiim tan dung 10i th€ cia cdc qua trinh nay d€ cung cip cho cic qua trinh x{ 1y nudc thai.
Céc qud trinh lién quan trong hé thdng ty nhién bao gdm nhiéu qua trinh dudc st dung trong
cdc hé thong x{ Iy cd hoc hoidc bdn co hoc - 1dng dong chat nén, loc, trao ddi khi, hap thuy,
trao ddi ion, két tia héa hoc, oxy héa khit (oxydation/reduction) héa hoc, chuyén héa
(conversion) va bién thodi (degradation) sinh hoc - dic biét hon nita 1a cdc hé thdng sinh
hoc nhu quang hgp, quang oxy héa, ddng héa thuc vat. Trong hé thdng tu nhién, cdc qud
trinh x4y ra vdi toc do “ty nhién” va c6 khuynh huéng x4y ra dong thdi trong mot “phén ng
hé sinh th4i” gidn don, trdi véi hé thdng co hoc ma trong dé cic qud trinh xdy ra tudn tu
trong cdc b€ phan ting riéng biét véi toc do6 ting cao lién quan dén viéc cung cip ning ludng.

Hé thong x{t 1y ty nhién trong phan ndy bao gdm : (1) hé thong xit Iy biing dat - toc do
chim (slow-rate), ri nhanh (rapid infiltration), chdy tran bé mit (overland flow) va (2) hé
thdng thdy sinh vat - dit ngap nudc ty nhién (natural wetland) va hé thong xit 1y bing thuc
vat thiiy sinh (floating aquatic plant). Chii dé chinh y&u trong trong nay 13: (1) su phat trién
clia cdc hé thong xit 1y bing dat dai, (2) cdc van dé ddng quan tAm cd ban trong cdc hé thong
tu nhién, (3) hé thong toc dd cham, (4) hé thong thAm nhanh, (5) hé thong chdy tran bé miit,
(6) cic hé thong dat ngdp nuSc nhin tao, va (7) cdc hé thong thuc vat thliy sinh. Viéc dp
dung cho nudc thdi dugc thao luan § chuong 9.

8.1.1. Su phdt trién ciia cdc hé thong xit ly tu nhién

Mot khai quit vé cdc hé thdng x{ 1y tu nhién dugc cung cap trong chuong nay. Lich
st tng dung, cdc tinh chat va muc tiéu cla cdc hé thdng dugc st dung trong hién tai s& dugc
trinh bay.

8.1.1.1. Cdc hé théng xit Iy tu nhién & M.

Viéc stt dung cdc hé thdng xit 1y tw nhién bing dit dai & US da hinh thanh tir nhitng
thap nién 1880. & chau Au, cénh ddng thai (dugc st dung s6m hon) di trd nén phd bién nhu
12 mot budc ti€n d€ ki€m sodt 6 nhiém nudc. Trong ni¥a dau cta thé ky 20, nhitng hé thong
nay nhin chung da dudgc thay th€ bdi hodc 1a hé thdng xit Iy bing thuc vat hodc bing cic
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cianh dong dudc quan 1y ndi ma nudc thai da qua x{ Iy dugc st dung cho viéc sin xuit nong
san, viing tudi tiéu hodc khu vuc 1am sach nu6c ngdm. Nhitng hé thong xif Iy mdi bing dat
dai ndy di c6 khuynh huéng phdt trién chiém uu thé & phia Tay US, noi ma gi4 tri ctia nudc
thdi dudc xem nhu 12 mot 1oi thé.

S6 lugng nhitng ving & US dang sit dung viéc xit Iy tu nhién gia ting tir 304 nim 1940
dén 571 (phuc vu cho 6.6 triéu dan) nim 1972, nhung tong s6 nay chi cho thdy mdt phin
trim nhd trong 15.000 viing dan cu st dung hé thong xit 1y ndy. Theo Clean Water Act vao
nim 1972, viéc dau tu vao cdc hé thdng x{ 1y bing dat dai da dugc 1am song lai nhu 12 mot
ké&t qua nhan manh ring nhitng khu xif 1y nay dugc dit Iam noi st dung lai nuéc thdi, quay
vong chat dinh dudng va st dung nudc thai cho phat trién ndong nghiép. Su hd trd tai chinh
bdi Act da thic ddy nhitng nghién cifu rong rdi va phét trién cong nghé hé théng xit 1y tur
nhién, din dén sy chdp nhan né trong cdc lanh vyc cla k§ thuat xit Iy nudc thai nhu 12 mot
k¥ thuat quin 1y s& dudc xem 1a tuong duong vdi bat ky hinh thic xit 1y nao.

Nhitng phét trién gan day nhat trong cong nghé hé thdng xi 1y tu nhién 12 st dung céc
viing dat ngdp nudc vdi thyc vat nSi va hé thong thily sinh vé6i thuc vat 16 litng. Ldi ich cla
viéc xtt 1y nudc thai bing viing dit ngap nudc phat trién két qua 12 mot hinh thife x& 1y mdi
két ving dat ngdp nudc vdi thuc vat thiy sinh va hé thong x 1y tw nhién. Thuc vat ndi dudc
stt dung ban diu d€ phét tri€n hinh thitc x 1y biing hd sinh hoc ¢6 truyén va céc ao on dinh,
nhung xa hon nita 14 sy phat trién cta Gng dung nay da dat dudc két qua trong cong nghé
doc ddo clia hé thong thiiy sinh.

8.1.1.2. Cdc tinh chdt va muc tiéu cua hé thong xit Iy tu nhién.

Nhitng dic tinh vat ly, muc tiéu thi€t k€, va kha ning xi 1y cda cdc loai hinh khic
nhau ctia hé thong tu nhién dugc mo td va so sdnh trong phan nay. Su so sianh céc dic tinh
clia khu xit 1y, cdc dic tinh thi€t k€ dién hinh, va s& lugng mong ddi clia nudc thai di dudc
Xt 1y tir c4c loai hinh chii y&u clia cdc hé thong xit 1y ty nhién sé& dugc gidi thiéu & bang 8-1,
8-2 va 8-3. T4t cd cdc hinh thic ctia hé thdng x{ 1y ty nhién da dudc gidi thiéu trude day qua
mdt vai dang tién xi¥ 1y cd hoc. Pdi v6i nudc thai, mot hé 1ing nhé 1a cin thi€t d€ loai bd cac
chat rin tho c6 thé giy can trd cho hé thong phan phdi va tao ra diéu phién todi khong ddng
c6. Piéu cin thi€t @€ 1am cho hé tién x¥ Iy vudt qui mot vai mifc nhd sé tiy thudce vao muc
tiéu cia hé thong va nhitng doi hdi thudng xuyén. Kha niing ctia hé thong ty nhién diing cho
Xt 1y nudc thai 1a han ch€, cic hé thdng phdi dugc thi€t k& va quén ly phi hgp vé6i kha ning
clia hé thong d6. Cac chi tiét clia viéc dinh gid vi tri, x{f 1y ban du, va thié€t k& qud trinh cho
mdi loai hé thong dugc thio luin trong nhitng phan sau.

Bang 8-1. So sanh céc dic di€ém cia vi trf ddi v6i hé thong xt 1y tu nhién.
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Pic difm  Téc d6 cham Ri nhanh Chay tranbé DAt ngapnuéc  Thuc vat thiy
mat sinh
Piéu kién Cin luu trit Khong (c6 th€ Cin lwu trit C6 thé khong C6 thé cin luu
khi hiau trong miia dong van hanh trong trong mia dong cdn lwu  trit tri¥ trong thdi
vad subt thdi mua dong) va sudt thdi trong thdi tiét ti€tlanh
gian tuyét roi gian tuyét roi lanh
Po sau 0.6-1m (itnhit) 3m (40 sau it Khong c6 vdn Khong c6 vin Khong cé6 van
dén nuéc hon c6 thé chdp dé dé dé
ngim nhin & nhiing

Do déoc <15% asi

véGi

dit tréng trot,

<40% d6i vdéi
dat rimg
P6 tham Toc do trung
cua dat binh d&€n nhanh

ndi c6 hé thong

thodt nudc
ngim
Khoéng  thanh

van dé, do déc
qud muc thi doi
hdéi nhiéu cong
stc hon.

Nhanh (cat, cat
mun)

1-8%

Thip (sét, phil
sa va dit véi
chin
tham)

khong

Thudng <5%

Thip dén trung
binh

Thudng <5%

Thap dén trung
binh

Bang 8-2. So sdnh cdc dic tinh thi€t k€ cta cdc hé thong xi 1y tu nhién.

Piic tinh Toc do Téc d0 cham  Rinhanh Chiay tran Dat ngip Thuc vat
chim (loai 1)  (loai 2) mit dat nudc thily sinh
Ky thuat 4p dung Phun nu6c Phun nuSc Ludén luon Phun nuéc Phun nuSc Bé mit
hoic bé hoic bé bé mat hodc bé hoic bé
mat mat mat mat
Toc do tai thuy 1.7-6.1 0.61-2.0 6.1-91.4 7.3-56.7 5.5-18.3 5.5-18.3
hang nam
(m/nam)
Dién tich yéu cAu 6-21.4 18.2-58.8 0.4-6.0 0.6-4.8 2.0-6.6 2.0-6.6
(ha/10°m*/ngay)
X& Iy tién wng Tiénxtkly Tiénxdly Tiénx&ly  Sangrdc Tién xttly  Tién xit ly
dung thdp nhit Ling nén Ling nén Ling nén Ling nén Ling nén
dugc cung cap day day ddy day day
Ciach thdc nwdec Thodt hoi Thodt hoi Chii yéula Chdy bé Thodt hoi Thodt hoi
thai dugc 4pdung nuéc  va nuéc  va thdim vao mit va nudc  va nudc mot it
thim vao thim vao trong dat thim bay thim vao
trong dat trong dat hai véi  trong dat
thim  vao
trong  dat
mot it
Can cho thyc vat  Yéuciu Yéu cau Khéng bit Yéuciu Yéu cau Yéu cau
budc

Ghi chi: ling nén ddy tiy thudc vao viéc sit dung nudc thai va loai ciy trong.
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Bang 8-3. So sanh chat ludng nudc da dugc xit 1y tir cdc hé thong tdc d6 cham, ri nhanh va
chdy tran mit dat.

Gia tri, mg/l

Toc dd chim Ri nhanh Chdy tran mit dat
Thanh phin Trung binh Cuc dai Trung binh Cycdai Trung binh Cuc dai
BOD <2 <5 2 <5 10 <15
SS <1 <5 2 <5 15 <25
NH,"-N <0.5 <2 0.5 <2 1 <3
Téng N (N) 3 <8 10 <20 5 <8
Téng P (P) <0.1 <0.3 1 <5 4 <6

8.1.2. Téc dp cham (slow-rate) :

X Iy toc do cham 1a qué trinh x& 1y ty nhién chi€m uu th€ ngay nay, lién quan dén
viéc st dung nuéc thai cho cdc ving dat hoa mau dung cho viéc xit 1y nudc thai va cho nhu
cAu phit trién cda thuc vat. NuSc thdi duge sit dung hoic 13 qua qua trinh bay hoi hoic 12
thAm vao trong dat (hinh 8-1). Mdi dong chdy trén bé mit dugc tap trung lai va sit dung cho
hé thong, qué trinh x{ 1y x4y ra khi nudc thdi thim qua 16p dat. Trong hau hét cdc trudng
hdp, qua qué trinh thAm nu6c sé di vio ting nudc ngdm, nhung trong mot vai trudng hop,
nudc di qua xi ly c6 thé dugc ti€p nhan bsi hé thong nudc mit hoic vao trong hé thdng
nuéc gi€ng. Téc dd xir Iy ma hé thong nay dat duge trén mdt don vi dién tich (t6¢ do tai thiy
- hydraulic loading rate), su Iya chon va qudn ly thyc vat 12 muc tiéu cia viéc thi€t k& hé
thong va diéu kién cla viing dat sé dugc ban dén § phan sau.

Hé toc do cham thudng dudc x&p vao loai 1 hoic loai 2 tiy thudc vao muc tiéu thiét
k&. Mot hé thdng toc d6 chAm dudc xem 1a loai 1 khi muc tiéu chinh 12 x Iy nudc thdi va
toc do tai thdy 1a khong kiém soat dugc bdi nhitng nhu cau nudc cho thuc vat chit khong phai
thong s thi€t k& han ché - khd niing thim cda dat hodc tdi lugng cdc thanh phan nuéc thai.
Loai 2, dugc thi€t k€ vdi muc tiéu tdi sit dung nudc thdi qua viéc san xuit nong pham hoic
tudi tiéu cho khu gidi tri (landscape irrigation) thudng dugc néi dé€n nhu 12 mot hé thong tudi
tiéu nudc thai hodc tudi tiéu dong rudng.

Nudc thdi c6 thé duge ding cho dit nong trai hoic ving cAy xanh (bao gdm c3 dait
riing) bdi cdc phudng thitc phan tin da dang (hinh 8.1). Cac chu ky tng dung khong thutng
xuyén, dién hinh tir 4-10 ngay, dugc ding d€ duy tri diéu kién hi€u khi trong 16p dat. Hé toc
dd cham két hop véi su c6 mit clia thyc vat va hé thong sinh thdi dit da 1am cho hé t6c do
chim mot tiém ning x{t 1y 16n nhat clia hé thong x{ 1y tu nhién (bing 8-3).

93



Su bay hoi

.61 din nudc thai

Phan phdi biing hé thdng phun

Hé théng x1t 1y t8¢ d6 cham (slow-rate systems)

Hinh 8.1. Cic phuong thic phin tdn nudc thai
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8.1.3. Ri nhanh (rapid infiltration).

Trong hé thong ri nhanh, nudc thai da duge xt 1y so bd dudc st dung cho mot thdi han
khong thudng xuyén § trong cdc ao phan tdn, nhu hinh 8-3. Xt 1y nu6c thai bsi hé thong twdi
tdc do cao ciing dudc ti€n hanh. Thyc vat thudng khdng dugc cung cAp cho cic ao loc nhung
can thiét cho viéc ng dung cac thiét bi phun. B&i vi toc do tai hoat thudng cao, nén sy thodt
hoi it va hau hét nuSe thdi thAm qua 16p dit noi ma qua trinh x{ 1y xdy ra. Muc tiéu thiét k&
cho hé loc nhanh bao gém (1) xt 1y d€ tdi tao ngudn nuéc ngdm d€ ting ngudn nudc cip
hodc bdo vé sy xdm nhdp clia nudc min (saltwater intrusion), (2) xt 1y dé tdi tao ngudn
nudc cia tdi nudc ngdm ndng hoic tdi thu hdi nude bom, va (3) xit Iy dé tai thi€t dong chdy
va 14y lai ngudn nuéc mit. (xem hinh 8-2). Tiém ning clia hé ri nhanh thip hon hé toc do
chim bdi vi khd niing giit nu6c thap hon va cao hon vé téc do tdi hoat thly lyc (xem bang 8-
3).
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Hinh 8-2. Céc phuong thitc ri nhanh (a) con dudng tdi nudc, (b) con dudng phuc hdi nudc
bing hé thdng thoit nudc ngadm, (c) con dudng phuc hdi nude biing sit dung hé thdng giéng.
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8.1.4. Hé chdy tran bé mdt (overland-flow)

Trong hé chdy tran bé mit, nudc thii da qua tién x{t Iy dugc phan phdi doc theo cic
dudng doc xudng theo cac ludng ciy diéu nay cho phép nudc thdi c6 thé chdy tran bé mit tir
céc ludng dén bd dé ti€p nhan phia dudi (xem hinh 8-3). Hé chdy tran bé mit thudng dudc
stt dung & nhitng viing c6 16p dat bé mit hodc 16p dit bén dudi khong thaim tdt, vi thé
phuong thifc x{t Iy nay dudc tng dung cho su bié€n dong 16n vé kha ning thAm cda dat bdi vi
dat bé mit c6 khuynh huéng bi déng citng theo thdi gian.

Qua4 trinh thim qua dit 1a mot phuong thife thdy Ivc yé&u va hau hét nudc thdi dugc tap
trung theo cdc dong chdy bé mit, modt phan nuSc sé& bi mat di qua qué trinh bdc hoi, lugng
nudc bi boc hdi bi€én dong theo thdi gian trong nim va theo thoi ti€t cda ving d6. Cac hé
thong nay dugc ng dung luin phién tuy theo tirng mua va tlly thudc vao muc tiéu xit Iy. Su
phan phéi nuéce thai c6 thé dugc ti€n hanh bing cdc dung cu phin tin nuc dusi 4p suit cao,
phun thanh dang suong & 4p suit thap hoic phan tdn bé mit biing cdc 6ng din.
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Hinh 8-3 : Qu4 trinh ch3y tran bé mit (overland - flow process)
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Hinh 8-4.  Hé thuc vat thly sinh bic cao (common - aquatic plants system)
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8.1.5. DPdt ngdp nudc (wetland)

DPat ngap nuée 12 mot vang dat c6 nude véi dd sau clia nude nhd hon 0.6m, thich hop
cho su phat trién cia thuc vat nhd 1én bé mit (emergent plant) nhu dudi meo (cattail), cd
nén (bulrush), lau sy (reed) va lach (sedge) (hinh 8-4). Thyc vat tao nén bé mit cho su bAm
vio clia vi khudn tao nén mot mang loc sinh vat, gitip ich cho qué trinh loc va hap thu céc
thanh phin dinh dudng trong nudc thai, trao d6i oxygen trong cot nude va kiém sodt toc do
phét trién cta tdo bing cdch han ch€ sy xuyén qua ctia 4nh sdng mit tri. C4 hai loai dat
ngdp nuéc ty nhién (natural wetland) va dit ngdp nudc nhin tao (constructed wetland) déu
dugc st dung cho xt Iy nuée thdi, cho du viéc sit dung dat ngap nudc ty nhién nhin chung bi
han ché€ trong viéc 1am sach hodc x{ Iy nudc thdi da duge x 1y thit cap hodc da duge xit 1y
cap tién.

8.1.5.1. Bdt ngdp nudc tu nhién (natural wetland)

T quan di€m diéu chinh, cic viing dit ngap nudc dudc xem la noi ti€p nhan nudc.
K&t qua 12 nu6c x4 vao ving dat ngdp nudc, trong hau hét cdc trudng hdp doi hédi phdi 6 su
diéu ti€t, ma nhitng doi héi nay dugc quy dinh rd rang 1a x{ 1y thit cAp hodc xi 1y cip tién.
Hon nita, muc tiéu chinh 13 khi x4 vao ving dit ngdp nu6c ty nhién s& 1am ting cudng sy
phat trién cdc quan thé sinh vat ton tai trong d6. Viéc chinh sita cdc viing dat ngap nudc tu
nhién nhim ting cudng khé ning x{ ly thudng rit dé bi phd v& d6i v6i hé thdng sinh thai tu
nhién va néi mot cach tdng quat s& khong dat dudc.

8.1.5.2. Bdt ngdp nudc nhan tao (constructed wetland)

DAt ngap nudc nhan tao thudng cé diy dd cdc khad ning xt 1y clia dat ngap nudc tu
nhién nhung khong k&t hgp vé6i viéc x4 vao hé thong sinh thdi ty nhién. Hai loai dat ngap
nudc nhan tao dugc phat trién cho viéc xi Iy nudc thai (1) hé thong bé mit nude tu do (free
water surface - FWS) va hé thong chdy dudi bé mit (subsurface flow system - SFS). Khi
dugc st dung dé€ x ly nudc & mic dd thi cAp hodc mic dd cap ti€n, hé thong FWS thudng
bao gdm céc ao hodc kénh song song v6i dit khong thim bén dudi hoic chin dusi bé mit
(subsurface barrier), thyc vat nhd 1én mit nuéc va nude can 0.1 - 0.6m. Nuc thai tién xit 1y
thudng dugc dung lién tuc cho nhitng hé théng nhu th€ nay va qué trinh xi 1y x4y ra khi
nuéc chdy chim qua than va ré cla thyc vat. Hé thong FWS c6 thé ciing dudc thiét k& véi
muc dich tao ra nhitng quin thé hoang di méi hoic ting cudng cic ving dit ngap nudc tu
nhién dang tdn tai bén canh thuc vat bic cao thiy sinh ndi. Nhitng hé thong nhu thé nay bao
gdm sy k&t hgp cia thuc vat, ving nu6c mG va cic ban d3o cling vdi sy phdt trién cia thuc
vat cung cAp thifc in cho cdc quan thé dong vat trong d6. Hé thdng chiy dudi mit dugc thiét
k& véi muc dich cho mitc d6 xit ly c4p hai hodc x Iy cap ti€n. Nhitng hé théng xit 1y nay
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cling dudc goi 1a “viing ré” (root zone) bao gdm cdc kénh véi 16p ddy khong thim dudc 1ap
day bdi cic 16p d4 va cat d€ nang dd thuc vat. (hinh 8.5).

Ong phén tdn C$ dudi meo
nudc thdi
e . “'1“;" i “Hl 000 1
n phéi /) I i i
il:i[‘ g:f ’,?F"w,"’}! |T'v!vv‘ h"' “l““‘ .'

A
-, ,/‘ o‘al - P LA AT .: :- . o
-4 a7 gD A e f *  Léi ra nudc

Hlli\_,..\ /‘n /- .’
Pé dée 1% / /
L Pit hoic d4
Mang luéi ré Miing khéng

thdm nudc
Mit cit ngang cia hé théng chdy dudi mit (SFS)

vio

/ thdi c6 diéu
% cao bién dong

Hinh 8.5. Mit cit ngang cta hé thong chdy dusi mit (SFS) dién hinh
8.1.6. Hé thuc vit thity sinh bdc cao (floating aquatic plant)

Hé thong thuc vat thiy sinh bic cao giéng nhu hé thdng FWS ngoai trir cdc loai thuc
vat & day 1a thuc vat ndi nhu béo Nhat ban, béo tAm (hinh 8-4). D6 siu clia nudc sidu hon hé
théng dat ngap nudc dao dong tir 0.5 - 1.8 m. Sy suc khi b3 sung dudc st dung vdi hé thong
thuc vat ndi dé 1am ting kha ning xi Iy va duy tri diéu kién hi€u khi cAn thiét cho viéc kiém
soat sinh hoc sy phét trién ctia mudi. C4 hai hé thong béo Nhat ban va béo tim dudc s dung
dé loai bd tdo tir nudc thai ctia hd sinh hoc va ao &n dinh, trong khi d6 hé théng béo Nhat
ban dugc thi€t k& d€ cung cip cho mifc do xit 1y cap hai va cip ti€n. Céc qua trinh t3i thiy
thudng xuyén va doi hdi cdc viing dic biét cho hé thong thuc vat ndi giong v6i hé thdng dat
ngdp nudc. (xem bang 8-2).

8.1.7. Hé nuéi trong thily sdan (aquaculture)

Nudi trong thly sdn 12 sy phdt trién cd va cdc loai thly san khéc trong viéc sdn suit
ngudn thyc phadm. Nudc thai duge sit dung trong nhiéu phuong thitc nudi trong khip thé gidi.
Tuy nhién, trong hau hét cdc trudng hop, viéc sdn xuit sinh khoi 14 muc tiéu dau tién cla hé
thong va bat ky hinh thic xi¥ 1y chi 1a 1di tifc phu thém. Hau hét hiéu qua x& 1y dat dudc
trong hé thong nudi thiy sdn déu dugc quy cho vi khudn bam vao thuc vat thdy sinh. C6 it
bing chitng cho thiy cd déng vai tro tryc ti€p trong xit 1y. Viéc két hgp xit 1y tu nhién véi
nudi trong thdy sn trong viéc tng dung doc 14p doi hdi phdi nghién cttu nhi¢u hon. Pic biét
12 nhitng nguy hiém d6i vdi sitic khde khi sy phat trién ciia thdy sinh vat trong nudc thai
khong dugc kiém soit.
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8.2. Nhitng nghién ciu co ban trong viéc 4p dung hé thong xit Iy ty nhién.

Biét dugc céc dic tinh ctia nude thai, cdc cd ché xit 1y, nhitng 4nh hudng dén sitc khde
cong dong va nhitng yéu ciu thudng xuyén 1 nén tdng cho viéc thiét k& thanh cong va tng
dung cdc hé thong xtt 1y ty nhién.

8.2.1. Cdc ddc tinh cuia nudc thdi va co ché xit ly

Nhu d3 mé ta trong phin gidi thiéu, x{ 1y nudc thdi trong hé thdng ty nhién dudc thuc
hién bdi cdc qud trinh vat 1y, héa hoc va sinh hoc ty nhién ma cdc qua trinh nay xdy ra trong
hé théng sinh thai dat - nuSc - thuc vat. Hé thdng tu nhién c¢6 kha ning loai bd it nhat mot
vai thinh phan vu thé€ hay khong uu thé clia nuée thdi ching bao gdm cdc chat dudc xem 12
chit gdy 6 nhiém - chit rin 10 lting, chat hitu cd, nitrogen, phosphorus, vi lugng, vi lugng
hitu ¢d va vi sinh vat (bang 8-4). Cac qua trinh c¢d ban chiu trach nhiém loai bd cdc thanh
phan dugc mo ta trong phin nay.

Bang 8-1. Cic thanh phan dién hinh clia nu6c thdi sinh hoat chua xir 1y.

Nong do
Chat gay 6 nhiém Don vi Thap Trung binh Cao
ChAit rin tong (TS) mg/1 350 720 1200
Chat rin hoa tan téng (TDS) mg/l 250 500 850
Cé dinh mg/1 145 300 525
Bay hoi mg/l 105 200 325
Chat rin 1o liing (SS) mg/l 100 220 350
C4o dinh mg/l 20 55 75
Bay hoi mg/l 80 165 275
Chat rin cé thé 6n dinh dugc ml/l 5 10 20
BOD; (20°C) mg/l 110 220 400
Téng Carbon hitu cé (TOC) mg/1 80 160 290
COD mg/l 250 500 1000
Téng Nitrogen (tinh theo N) mg/1 20 40 85
Hitu co mg/1 8 15 35
Ammonia mg/l 12 25 50
Nitrite mg/1 0 0 0
Nitrate mg/1 0 0 0
Téng phosphorus (tinh theo P) mg/1 4 8 15
Hitu co mg/l 1 3 5
Vo co mg/1 3 5 10
Chloride mg/l 30 50 100
Sulfate mg/1 20 30 50
Kiém (tinh theo CaCO5) mg/l 50 100 200
Chat béo mg/l 50 100 150
Téng coliform no/100ml 10°-10"  107-10° 107-10°
Cac hgp chat hitu co bay hai (VOCs) pg/l <100 100-400 >400
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Chadt rdn lo liing. Trong cic hé thong ma tinh chit clia nu6c chdy trén mit dat - hé
chdy tran, dit ngdp nudc, va thuc vat thly sinh - chat rin Io Iitng trong nudc thdi dudc loai
bé mot phan nhd sy 1ing nén ddy, ting cudng bdi qua trinh chdy véi toc do rat chim va mot
phan béi sy loc cla thyc vat. Viéc loai bd chit rin ciing x3y ra tai bé mit ti€p xidc cda dat.
Trong cdc hé thdng ma nudc thdi chdy trén bé mit dat - hé chdy cham, hé ri nhanh, va SFS -
chat rin 10 Iting dau tién dudc loai bd bédi su loc qua dit hodc moi trudng dudi 16p dat mit, vi
vay qud trinh ling nén ddy c6 thé ding k& trong cdc ao ri nhanh sudt thdi gian st dung.
Trong hé tdc d6 cham va ri nhanh, hiu hét chat rin bi loai bé ngay 16p dit mit. Vi thé, c6 y
kié€n cho ring cdc chit rin 16 lting c6 thé 1am déng ciing 16p dit loc bé mit cia hé thdng. Do
d6, cac hé thdng phai dudc thi€t k& va sit dung d€ 1am gidm thi€u sy bién mat kha niing loc
clia dat.

Chdt hitu co. Chat hitu ¢d phan hiily dugc c6 trong nudc thdi § dudi dang hoa tan hoic
10 Itng, thudng dugc loai bd biang vi sinh vat phan hiy. Vi sinh vat c6 trach nhiém phan hiiy
thudng lién két v6i mang loc, phat trién trén bé mit clia cdc hat dat, thuc vat va cdc gid bam
(litter). Nhin chung, c4dc hé thong tu nhién dudc thiét k&€ va hoat dong nhim duy tri diéu kién
hi€u khi d€ qu4 trinh phan hily dién ra mot cdch t8i uu va hoan toan hon phan gidi ky khi.
Kha ning ctia hé thong xi¥ 1y tu nhién 13 1am gidm chit hitu cd trong diéu kién hi€u khi
nhung bi gidi han bdi sy van chuyén oxygen vio trong hé thong tir khi quyén. Vi thé, hé
thong phai dudc thiét k& sao cho tdi lugng BOD it hon so vdi toc dd van chuyén oxygen vao
hé thong.

Nitrogen. Viéc chuyén héa va loai bd nitrogen trong cdc hé thong ty nhién lién quan
dé&€n mot loai cdc qud trinh phic tap va cdc phdn ing dugc mo ta trong hinh 9-1. Cdc cd ché
lién quan trong viéc loai bd nitrogen tir nudc thai tuy thudc vao dang nitrogen - nitrate,
ammonia, hodc nitrogen hitu cd. Nitrogen thudng & dudi dang ammonia hodc nitrogen hiru
ca.

Nitrogen hitu co. Lién k&t v6i chat rdn 16 ling trong nudc théi, duge loc bing ling
nén ddy va loc, nhu dugc mo ta & trén, hitu co & dang rin, c6 thé dudc hap thu bdi mun dat,
bao gdm mdt so rat 16n cac phan ti hitu co phifc tap chita cacbohydrate, protein, lignin. Mot
vai nitrogen hitu co bi thily phan thanh amino acid hoa tan ma cdc amino acid nay cé thé
ti€p tuc dudc phan hdy dé€ gidi phéng NH,".

Ammonia (NH,'). C6 thé di theo vai con dudng chuyén héa trong hé thong xi ly tuf
nhién. Ammonia hoa tan c6 thé dugc loai bd bdi qud trinh bay hdi (volatilization) truc tiép
di vao khi quyén & dang khi NHj, cdch nay chi chi€m ti 1& it (<10%), ngoai trir trudng hdp
trong ao 6n dinh noi ma nudc thdi duge luu trif trong thdi gian dai va pH cao lam ting cudng
ddng k€ qué trinh bay hoi ammonia. Hau hét 4nh hudng va su chuyén héa ammonia trong
nudc thai chi 12 tam thdi qua cdc phan ng trao d6i ion trong dit va cdc chit hitu cd mang
dién. Ammonia c6 thé hip thu bdi thuc vat va vi sinh vat hoic dudc chuyén héa thanh
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nitrate qua qué trinh nitrate héa sinh hoc trong dié€u kién hi€u khi. B&i vi kha ning hap thu
ammonia cta hé thdng tu nhién 12 gidi han, nén qud trinh nitrate héa 13 can thiét d€ gidi
phéng ammonia. Chu trinh gidi phéng - hip thu nay dic biét quan trong trong hé chdy tran
bé mit noi ma sy hap thu bi han ché& doc theo bé mit cdc dudng ddc.

Nitrate. Pugc xem 13 mot ion tiéu cuc, khong dudc giit 1ai bdi cdc phan tng trao ddi
nhung vin con & dang dung dich va dudc chuyén héa trong qud trinh thim. Néu chiing
khong dudc loai bd bdi qud trinh ddong héa thuc vat hodc khit nitrate héa, nitrate sé& di siu va
thAm vao trong 16p nudc ngdm. Pdi v6i cac hé thong thé hién tinh thim thdu clia nudc nhu
hé t6c d6 cham, loc nhanh, va tng dung nudc thdi, nitrate trong qud trinh loc c¢é thé giy
nguy hi€m cho siic khde cong ddng. Vi thé, nhitng hé thong nay phai dugc thiét k& va 4p
dung d€ ting cudng mifc do can thiét clia viéc loai bd nitrogen dé bio vé ngudn nudc ngam.
Nitrate c6 thé dugc hip thu bdi thuc vit, nhung sy ddng héa chi x3y ra & viing xung quanh ré
trong sudt thdi ky phat trién clia thuc vat. P& dat dugc sy loai bd nitrogen tir hé thdng bdi
ddng héa thuc vat, thuc vat can phdi dugc thu hoach dinh k¥ va loai ra khéi hé thong. Néu
thuc vat con lai trong hé thong, nitrogen trong thuc vat s& quay trd lai va di vao hé thong
dudi dang nitrogen hitu cd. Pdng héa thuc vat va thu hoach chiing 13 cd ché loai bd nitrogen
chi y&u trong hé théng t6c do cham.

Khi nitrate sinh hoc (biological denitrification). Nitrate ciing sé dugc loai bd bdi qué
trinh khtt nitrate sinh hoc va 1an lugt gidi phéng cdc khi NO va N, vao trong khi quyén. Khit
nitrate sinh hoc 1a co ch€ loai bd nitrogen chi yéu trong hé chdy tran mit dit, ri nhanh va
thly sinh. Khi¥ nitrate dudc thuc hién bdi vi khudn tiy nghi (facultative bacteria) trong diéu
kién thi€u khi. Khong cin thiét cho toan bd hé thong 1a thi€u khi cho khi nitrate héa x3y ra.
Khit nitrate x4y ra trong tiéu viing thi€u khi gin vé6i viing hi€u khi. Tuy nhién, d€ phin tng
khit nitrate héa dat t6i da, thi cdc diéu kién doi hdi phai dat dugc t6i wu. Trong diéu kién
thi€u khi tf s6 C/N 1a can thi€t quan trong dé hoan thanh phan tng khi nitrate héa. Ti s&
C/N it nhat 12 2:1 (duwa vao TOC va total N) 12 can thiét d€ dat d&€n khi¥ nitrate héa hoan toan
trong hé thong tu nhién. Carbon tir xdc bi thuc vat c6 thé dudc xem nhu 12 ngudn carbon,
dic biét trong cdc hé thly sinh, nhung trong hé t6c do cao nhu chdy tran mit dat, ri nhanh,
ngudn carbon phdi bao gdm c& nudc thdi dudc cung cip. Vi thé sy loai bd nitrogen t8i da
khong thé dat dugc trong nhiéu hé thong vdi nudc thdi thit cAp c6 ti s6 C/N thudng dudi 1:1.
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Phosphorus. C4c qu4 trinh loai bé phosphorus trong hé xtt 1y tu nhién la sy két tda va
hap thu héa hoc, cho dui thyc vat hap thu mdot lugng 16n. Phosphorus tdn tai chd yé&u dudi
dang orthophosphate dudc hap thu bdi dat sét va mot vai phan nhd dat hitu co trong ting dat.
K&t tha héa hoc bdi calcium (pH trung tinh) va sidt hoic nhom (pH acid) xdy ra & tdc do
cham hon qué trinh hap thy, nhung tAm quan trong thi ngang biing. Phosphorus dudc hap thu
c6 thé bi giit lai it va bén vitng ddi véi su loc qua dat.

Cho du kha ning hap thu phosphorus clia dit 1a gidi han, nhung né vin khd 16n doi
vdi dat cat. Sau 88 nim clia hé loc nhanh ding cho nudc thdi sinh hoat chua x@ 1y tai
Calumet, Michigan, ndng do phosphorus trong nuéc ngdm van thap (0.1-0.4mg/1). Tuy nhién,
4p dung mot thdi gian dai 1am cho phosphorus hoa tan trong dit ting 1én & trén 16p bé miit
(0.3m), cho thdy ring 16p nay trd nén bdo hoa véi phosphorus. Mic dd loai b phosphorus
c6 thé dat dugc bdi hé thong xi 1y ty nhién tly thudc vio mic dd ti€p xic clia nudc va dat
nhu hé chdy tran va hé thily sinh s& gi6i han tiém niing loai thai phosphorus.

Vi lugng. Loai bd vi lugng (chti yéu 1a kim loai) x3y ra chii yéu qua hip thu (bao gdbm
cd hap thu va cdc phan ting két tia) va bdi sy ddong héa ciia thuc vat d6i véi mot vai kim loai.
Kim loai dugc giit lai trong dit hodc trong nén ddy clia hé thdy sinh. Kh3 ning giff lai céc
kim loai ctia hdu hét cdc loai dit va nén ddy ndi chung la rit cao, dic biét 8 pH>6.5. Trong
diéu kién pH thap va ky khi, mot vai kim loai hoa tan manh hon va cé thé gidi phéng vao
trong dich dit. Loai bd kim loai bién dong giita cdac hé thong, tily thudc vao ndng do nudc
thdi va diéu kién vung dat. Nhitng hiéu qua cla viéc loai bd da dugc nghién cttu vdi hau hét
cdc kim loai néi chung bién dong trong khodng 80-95%. Hiéu qua thap hon cé thé ddi vdi
dat ngdp nuéc FWS va hé thong thyc vat thdy sinh dya vao sy ti€p xtc gidi han giita nudc
v6i dit va nén ddy ciing nhu diéu kién ky khi clia nén ddy.

Chdt hitu co vi lugng (trace organics). hdp chat hitu co vi lugng dudc loai bd tir nude
thdi qua qua trinh bay hdi va hap thu, bdi cdc qué trinh phan gidi sinh hoc va quang héa. N6i
cich tdng qudt, cac hé tu nhién c6 kha niing loai bd cic hop chat hitu co vi lugng. Tuy nhién
theo cdc cd sé dit liéu hién nay qué it d€ du dodn kha ning loai b cac hgp chat hitu cd c6
cAu tao don gidn. Nhitng két qua di€n hinh ddi véi viéc loai bd cdc chit hitu co c6 thé dat
dudc hiéu suat tir 85-99.99% ddi vdi tat ca cdc hé thong.

Vi sinh vdt. Co ché loai bd vi sinh vat (vi khuin va ky sinh triing - nguyén sinh dong
vat va giun san) phd bién ddi v6i hau hét cdc hé xt 1y tu nhién bao gdm : chét, loc nudc,
ling nén ddy, phéng xa, siy kho va hip thu. Virus dugc loai bd dién hinh bdi hip thu va tu
chét. Hé t6c dd cham va ri nhanh ca hai déu c6 dong chdy nudc thai qua 16p dit nén c6 kha
ning loai bd hoan toan vi sinh vat clia nude thdi qua qud trinh loc. Trong modi trudng dit min
thudng st dung hé toc dd cham, viéc loai bé hoin toan c6 thé dat dugc khodng chitng 1.5 m
di chuyén ctia nudc. Poi hdi phadi c6 khodng cich di chuyén xa hon trong dat dé dat dudc sy
loai bd trong hé ri nhanh, va khodng cich nay con tuy thudc vao do thAm cda dit va tdc do
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tai thity Iyc. TAt ¢4 cdc hinh thifc khdc cda hé x{ 1y ty nhién c6 thé 1am gidm ndng do6 vi sinh
vat tily theo do 16n cia tifng qué trinh xt 1y, nhung néi mot cach téng quét, néu nhu khong
dat d&n su loai bd toi da thi khong thé x6a di moi hinh thifc chling ngira cdc mam bénh xuit
phat tir cac khu x@ Iy tu nhién.

8.2.2. Nhiing vin dé vé siic khée cong dong (public health issues)

Y&u td sitc khde cong dong lién quan dén viéc xr 1y bing dat dai bao gdm : (1) mam
vi khuén va su truyén bénh cé thé c¢6 dén céc dang sinh vat cao hon, gdm ca con ngudi, (2)
héa chat c6 thé di vao nudc ngadm va gy nguy hi€m cho stic khde néu nudc nay dudc ding
cho hoat dong song va (3) chat lugng miia mang cia cic ving dat dudc tudi tiéu bang nudc
thai.

Cdc mdm vi khudn (bacteriological agents). Su song clia cdc vi khuin va virus gy
bénh & ngay trong nhitng giot nudc bin ra, trén va trong dit va dnh hudng 1én ngudi tiép
nhan. Piéu quan trong 13 tit cd nhitng ti€p xiic gilta cdc mam bénh trong dit qua nudc thai
va st nhiém bénh & dong vat va ngudi déu phdi c6 sy chling ngira dai lau va phic tap.
Nhitng cAu hdi dugc dit ra 12 nhitng ton tai c¢6 lién quan vé€ viéc phong ngira ¢é dugc thyc
hi€én hay khong?

Cdc mdy phun suong, dugc st dung trong x& 1y nudc thai, phun ra nudc dudi dang
suong mil ma nhitng hat suong nay c6 thé di chuyén theo gié va vo cting nhd vé kich thudc
ciing nhu khoi Iugng (c6 dudng kinh khodng 0.01-50um). chinh cdc hat ndy xuét phdt tr
nudc thai khong duge khit tring sé chita mot lugng 16n cac vi khudn va virus hoat dong. Tuy
nhién trudng hgp phat tdn bing cdc hat suong c6 chira vi khuin nay chi chi€ém dén 0.3%
nudc thai.

Nhitng nghién citu vé sy di chuyén clia cic hat suong c6 chita vi khuidn xuét phat tir
mdy phun suong 13 cd s& dé sit dung nudc thdi chura duge xit 1y hodc chua khit triing. Cho du
vi khudn di chuyén xa hon cdc hat suong mang né tif nudc thai chua dugc khi tring, khodng
cdch bi€n dong 16n nhat tir 30-200m, diéu d6 cho thiy vi khuin di chuyén theo gi6 sé ting
1én theo su gia ting clia @6 4m va tdc do gié cling vdi sy gidm nhiét dd va tia t ngoai.

Su can thi€t phdi c¢6 cdc ving dém hoic kht tring d€ gidm thi€u rdi ro cho sitc khde
cong dong phdi dugc dit ra trong tat cd cdc trudng hdp (1) mic do ti€p cin cla cong dong
dan cu vé6i khu xit 1y, (2) kich ¢d cda khu xtt 1y, (3) cung cip cdc ving dém hoic trong cy
va (4) dic trung clia khi hau trong viing. Yéu ciu vé ving dém thudng dugc ddnh gid thudng
xuyén bdi cdac nha chic trach, cach 15-60m tir dudng di, dai phan cdch vung va cdc khu dan
cu. Sy luan phién d6i vdi cic ving dém bao gdm trong ciy, st dung mdy phun d€ phun nuéc
xudng dudi, hoic theo mot quy dao vé6i tdc d6 cham va nging hoat dong cdc mdy phun,
hoic 1am gidm thiéu t6i da qud trinh phun trong khu x{ 1y trong sudt thdi gian gié manh.
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Chdt lugng nudc ngdm (groudwater quality): cic hé thong (chd yé&u 13 tdc dd cham
va ri nhanh) ndi ma mdt phan nuée thdi thim qua va di vao trong mach nudc ngdm ma lugng
nudc ngdm nay phuc vu hoic cé thé phuc vu tiém tang nhu nudc cAp phai dugc thiét k& va
quan 1y d€ duy tri chat lugng nudc ngdm theo tiéu chudn nudc udng cia US.EPA. B4i vi
nitrate 12 nguyén nhan giy bénh thi€u miu § tré em, ndng do ciia né trong nudc udng dudc
gi6i han bdi tiéu chuin nudc udng (primary drinking water standard) 1a 10mg/l. Su loai b
nitrogen nhat thi€t phai dat dudc qua tién x{t 1y va xi& 1y ty nhién d€ duy tri chuin muc nay.

Vi lugng 4p dung cho hé xit Iy ty nhién khong giy nguy hi€ém cho chit lugng nudc
ngam bdi vi vi lugng thudng dudc loai bd qua qué trinh hap thu va két tda héa hoc khi ching
thAm qua chi mot vai chuc centimeter dat, ngay cd trong hé ri nhanh véi t6c do tai thiy cao.
Trong nhiéu nghién cttu vé dnh hudng l1au dai clia viéc tng dung nudc thdi, thdy ring khong
c6 su gia ting nong dod kim loai trong dit & 16p trén clia dat trén mic binh thudng ddi v6i dit
nong nghiép.

Loai bd vi khudn tif nu6c thai qua dat min khd hoan toan: né cé thé dugc md rong
trong dit c6 hat 16n, dat cat st dung cho hé rf nhanh. K&t cAu dat dd c6 thé 1am cho vi khuin
vUugt qua vai chuc mét dat tir khu xi¥ 1y vao bén trong ting dit. Tinh trang nay c6 thé tranh
dudc bdi viéc danh gid ky ludng két cAu dia chit ban dau khi Iya chon vi tri 4p dung.

Chadt lugng vu mita (crop quality). Vi lugng dudc giit lai trong dit va nén ddy clia hé
thong xt 1y tu nhién va c6 sin cho sy ddng héa clia thuc vat. T quan diém vé sic khde
cong dong, kim loai chi yé&u c6 lién quan 13 cadmium. Cadmium cé thé tich lily trong thuc
vat & midc d6 gdy doc cho ngudi va dong vat, va nhitng mic dd ndy bén dugi ndng do gy
ddc cho thuc vat (phytotoxic). K&t qua cadmium 1a mot trong nhitng thanh td gidi han trong
viéc xdc dinh tdc do tai hoat chat thai trén ving dit nong nghiép. P6i véi hau hét cdc dp
dung, viéc tich lily cadmium sé& khong phai 12 mot van dé dang dugc tranh cdi. Viéc gidm sdt
tai mot khu x Iy & Melbourn, Uc, noi dang tiép nhan mot lugng nudc thii trong 76 nam, cho
thdy ring khong c6 su gia ting trong viéc tich Iily cadmium trong thuc vat khi so sanh véi su
phat trién ctia thuc vat trong mot khu khong ti€p nhan nudc thii. Nhitng kim loai khac hoic
khong dugc dong héa bdi thuc vat (nhu chi) hodc giy doc cho thuc vat & ndng dd thap cho
thdy nguy co gy doc cho chudi thifc dn (nhu kém, dong, nickel).
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