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Abstract

Hemolytic disease on silkworm caused by Bacillus sp. and Seratia marcecens bacteria is highly infectious. In addition
to identifying the biological and ecological characteristics of the pathogen, it is important to study its infection
pathways. Indeed, the control measures could be appropriately and effectively developed only by identifying the
exact infection pathways. This study was carried out in 2 years (2020 - 2021), through artificial infection of hemolytic
disease on mulberry silkworms. The results identified two main ways of this disease infection, which are infection
through the silkworms’ skin and environmental rearing conditions. The level of infection through the skin is greater
than through the environment of the silkworm rearing room. Specifically: infection through the skin has a hemolytic
disease rate of 53.23% while infection through the environment has a hemolytic disease rate of 43.24%
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MO HINH HOA QUA TRINH SINH HOC TRONG BAI LOC TRONG CAY UNG DUNG
PE XU LY NUGC Ri RAC
Do Thi Hong Dung'?, Bang Xuén Hién"
TOM TAT

Nghién ctiu da thiét lap dugc mo hinh toan hoc ting dung trong mé phong va danh gia cong nghé xti ly nuéc

ri réc bang bai loc trong cay kién tao dong chdy ngam; hé cac phuong trinh moé phong qud trinh sinh hoc trong
bai loc dugc gidi s6 bang thuat toan Runge-Kutta bac 4 va dugc code bang ngon ngti 14p trinh Matlab. M6 hinh
s6 thu dugc da dugc phan tich d6 nhay va hiéu chinh, kiém nghiém dua trén cic bo s6 liéu do dac. Két qua mo
phong qua trinh sinh hoc trong bai loc trong cay cho thay, sai s6 gitia két qua moé phong va két qua do thuc té
d6i v6i ndng do nito hitu co trung binh khoang 10,9%; néng d6 amoni mé6 phong c6 sai s6 déu nam < 12%, va
sai s6 trung binh khoang 2,7% so véi gia tri do thuc té. Nong do Nitrat mo phong c6 sai s6 trung binh khoang
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9,2% so véi gia tri do thuc té&. Nong do phét pho mo phong c6 sai s6 sai s6 trung binh la 3,2% so véi gia tri do
thuc té. Két qua mo phong lugng cacbon trong bai loc tréng cay kién tao phtt hgp véi thuc té. M6 hinh toan
thiét 14p budc dau phtt hgp dé€ mo phong mot s6 qua trinh sinh hoc trong bailoc trong cay kién tao dong chay

ngam.

T khoa: Bailoc trong cay kién tao, mo6 phong, mé hinh hda, cac qua trinh sinh hoc

I. PAT VAN PE

Nudc ri rac phat sinh tii hoat dong cuia bai chon
lap 1a mot trong nhiing nguén gay 6 nhiém lén
nhat dén moi trudng. Nudc ri rac bo6c mui hoi nang
né lan toa ra cac khu vuc xung quanh, nudc rac cé
thé ngdm qua dat lam 6 nhiém ngudén nudc ngdm
va dé dang giy 6 nhiém nguén nudc mat. Phuong
phép xt ly nudc ri rac bing bai loc trong cay da
dugc ap dung rong rai ¢ nhiéu nudc trén thé gidi.
Barr va Robinson (1999), da ap dung hé thong bai
loc ngdm béng co say dé xt ly nudc ri rac lau nam
v6i hiéu sudt xt ly nitrogen da dat t6i 90,7% (Barr
and Robinson, 1999). Ain va cong tac vién (2011)
da nghién cutu loai bo kim loai ning trong nudc
ri rdc bang bai loc trong cay véi cay kéo neéo cho
hiéu qua xt ly Fe tii 91,5 dén 99,2% va xt ly Mn
tt 94,7 dén 99,8%. Tai Viét Nam, cling da c6 mot
vai nghién ctiu xti ly nudc ri rac bang bai loc trong
cay, trong d6 can ké dén cic nghién ciiu cta tic
gid Bang Xuan Hién (2015) véi cac nghién ctiu vé
ting dung bai loc trong cay dong chay ngang, dong
chdy diing. Nguyén Ai Lé va Lé Thi Mong Trinh
(2018) nghién ctu vé xu ly nudce ri rac bang dat
ngap nudc kién tao. Nghién ctiu ctia H6 Bich Lién
(2014) vé danh gia kha ndng xu ly nudc ri rac cta
o vetiver trong diéu kién b6 sung ché phdm sinh
hoc EM. Mac du vay, viéc ting dung vao thuc té van
con nhiéu khoé khan. Vi vay, tim kiém cac phuong
phdp d€ danh gid cong nghé trong thuc tién la dac
biét can thiét. Ciing nhu cac loai nudc thai khac,
khi nghién ctiu cong nghé xu ly nudc ri rac can uu
tién st dung nhiing phuong phap hiéu qua nhung
phai t6i uu vé mat chi phi xay dung, van hanh, cac
yéu cau vé trinh d¢ ky thuét ciing nhu diéu kién
cua tiing dia phuong. Viéc sti dung hé sinh thai ty
nhién nhu bai loc trong cay dé€ xu ly c6 nhiéu uu
diém dép ting dugc ca céc yéu ciu vé chit lugng
trong dong ra va yéu cau vé€ kinh té. Tuy nhién, viéc
lya chon mdt cong nghé phu hgp va hoan thién cac
cong nghé doi hdi nhiéu yéu to.

Hién nay, phuong phiap moé phong da dugc
tng dung trong cong nghé moi trudng, tuy nhién

nhiing cong b6 ap dung cho thuc té thi chua cu
thé va ro rang, ddc biét doi véi viéc mo phong cac
qua trinh trong bai loc trong cay. Khé khén cht yéu
lién quan dén thiét 14p mo hinh toan va phuong
phap giai trén may tinh dé tim dugc cac két qua
pht hgp thuc té Nghién ctiu nay nham xay dung
cdc phuong trinh tinh todn dé mé phong cic qua
trinh sinh hoc loai bo cacbon, nitg, phét pho trong
bai loc trong cay, trg gitp cho viéc danh gia va lya
chon cong nghé phu hgp, thiét ké va van hanh hiéu
qua cac bai loc nay.

II. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Déi tugng nghién ciiu

Dai tuong nghién ctu la bai loc trong cay kién
tao dong chay ngam ting dung dé xti ly nudc ri rac.

2.2. Phuong phap nghién ctu

- Phuiong phdp ké thira: Nghién ctu dugc thuc
hién trén co sd ké thiia cac két qua cua cac cong
trinh nghién ctiu da c6 trong va ngoai nudc. Cac
thanh phan, qua trinh, thuat todn mo6 phong dugc
ké thtia ti nhiing tai liéu da dugc ching minh.

- Phuong phdp phan tich: Phan tich COD theo
TCVN 6491:1999: Chit lugng nudc - Xac dinh nhu
cau oxy héa héa hoc. Phan tich NH .5 NO, theo
Huéng dan thuc nghiém 02 va 05 cta Vién Khoa
hoc Cong nghé Moi trudng, Dai hoc Bach Khoa
Ha Néi.

- Phuiong phdp thong ké: Cac s6 liéu thuc nghiém
dugc xt ly trén phan mém thong ké SPSS.

- Phuiong phdp mé hinh héa: St dung cac phuong
trinh todn, phuong trinh vi phan vao dé mo ta cic
qua trinh chuyén hoa cac thanh phén bai loc trong
cay kién tao dong chay ngam.

- Phuiong phdp phan tich do nhay va hiéu chinh
moé hinh: Phan mém va mo hinh s6 dugc phén tich
do nhay, hiéu chinh va kiém nghiém bang cac bd s6
liéu do thuc té.
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2.3. Thoi gian va dia diém nghién ctu

Nghién ctiu dugc thuc hién tii thang 3/2016 dén
thang 3/2021 tai truong Dai hoc Bach khoa Ha Noi.
II1. KET QUA VA THAO LUAN

3.1. Xac dinh m6 hinh khai niém, ma tran tuong
hé, xay dung md hinh ciu truc

Mob hinh khdi niém dya trén viéc bi€u thi mot

CHs

cach so do hda cac moi quan hé ctia cac thanh phan
chinh ma tham gia vao cac qua trinh sinh hoc cha
yéu xay ra trong bai loc trong cay. Thong qua mo
hinh khai niém dé thiét lap cac phuong trinh toan
hoc mo phong cac qua trinh trong bai loc trong cay
kién tao. So d6 téng hop cdc quan hé gitia cdc tham
s6 tham gia trong qua trinh chuyén hoa sinh hoc
chti yéu trong bai loc trong céy trén co sd phan loai
va hé thong hoa ly thuyét.

Tram tich vy

Hinh 1. M6 hinh khai niém biéu dién dang so d6 hoa cac qua trinh sinh hoc
trong bai loc trong ciy dong chdy ngdm
Ghi chii: Cdc ky hi¢u gom: Phét pho hiiu co hoa tan (DOP); phét pho hitu co dang hat (POP); phdt pho vé co dang
hat (PIP); phét pho vé cd hoa tan (DIP); cacbon hitu cd dang hat (POC); cacbon hitu co hoa tan (DOC); cacbon hiiu
cd dé bay hai (VOC); cacbon vé co hoa tan (DIC); cacbon vé co dang hat (PIC); nito vé co dang hat (PON) nité vo co

hoa tan (DON).

Trén day la mo hinh khai niém cac qua trinh
sinh hoc ctia nito, phét pho, cacbon trong bai loc
trong cay. Su chuyén hoa ctia cac thanh phéan phét
pho, nito, cacbon. M6 hinh gitip cho thay méi quan
hé gitia cac thanh phan phét pho, nito va cacbon.
Dbé thiétlap cac phuong trinh can xdc dinh tdc dong
qua lai gitia cac tham s6 vao méi qua trinh, viéc nay
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dugc xac dinh thong qua bang ma tran tac dong
tuong ho trinh bay trong bang 1. Ma tr4n tac dong
tuong ho c6 16 bién trang thai tham gia vao cac qua
trinh sinh hoc, cac bién trang thai gom: POP, DOP,
DIP, PIP, NO,, NO,, NH,, NH,, PON, DON, POC,
DOC, DIC, PIC, VOC, TV (thuc vat).
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Bang 1. Ma tran tdc dong tuong ho ctia cac bién trang thai tham gia vao cdc qud trinh sinh hoc

trong bai loc trong céy kién tao dong chdy ngdm

Tham s | POP |DOP| DIP | PIP | NO, NO, NH

3 2 4

NH

PONDONPOCDOC DIC | PIC |VOC| TV

3

POP 1 + +

DOP + 1 +

DIP 1

PIP + + 1

NO 1 +

NO, + 1 +

NH + 1

NH3 +

PON +

DON N

POC

DOC

DIC

PIC

VOC

TV + +

Ghi chu: “+” C6 sy tuong tdc giita cdc bién trang thdi.

3.2. Thiét lap cac phuong trinh toan hoc biéu thj
cac qua trinh qua trinh sinh hoc trong bai loc
trong cay kién tao dong chay ngam

Dua trén viéc phén tich cac qua trinh sinh hoc
xay ra va cac bién trang thai hay cac ciu ti tham
gia vao cac qud trinh nay trong bai loc trong cay
kién tao dong chay ngam, tién hanh thiét lap cac
phuong trinh cén béng nito theo nguyén tic can
bang vat liéu tuong tng.

3.2.1. Phuong trinh cin bang cacbon

a) Phuong trinh can bang ctia cacbon hitu co dang
hat (POC) trong vung rac (within the litter pool):

dpOC, An

dt Vn

Trong do: A : Dién tich bé mdt ngap nudc (m?); V;

Thé tich ving ddt ngdp nudc (m?); L, : Lugng rac (litter)

=10°x L}, x

+Mp, — 1], (1)

phat thdi trong méi trudng = 0,31% sinh khoi thuc vat
(Friend et al., 1997); 1 : Toc d6 mun héa trong viing rdc
(humification rate);

11, = f, X kj x POCp, x POC, 2)

k; Toc do phan hity rdc trong ving rdac (m’.kg.C*.d");
f,; D6 dm trong ddt c gid tri 0,6 (Yang et al., 1998); My, :
T6c d¢ chét ciia vi khudn phy thudc tuyén tinh vao nong
do sinh khoi vi sinh vit.
b) Phuong trinh can biang cacbon hiiu co dang
hat (POC) trong viing mun (in the humus pool):
dPOCy,,

dt

Trong do: f,: Ti phan rdc thdi phan hily trong qud trinh

miun héa c6 gid tri bang 0,15 - 0,35; ry, : Toc d6 min héa
trong vimg miun r, =f, x k, x POCp x POCy, .

=f,xr], (3)
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¢) Phuong trinh can bang cacbon hitu co dang hat
(POC) trong sinh khoi vi sinh vat:

dPOCbn
———=~f-f)xr+ (1 ~f~f)xr, - Mp (4)
Trong dé: f Ty phdn tong cdc chdt bi phan hily trong
qud trinh mun héa (f,), ho hap (f), hoa tan (f)).
DOC va 1 phdn tit qud trinh hé hdp nhung khong tdi
dugc dén khi quyén.
d) Phuong trinh can bdang cacbon hitu co hoa tan

(DOC):
dDOC,
T:(l ~f)XRp+ fyxry =L, . (5)
Trong dé: L, Thdm cta cacbon hiiu co trong viing

dat ngap nudc (1-10%); R; H6 hdp ctia vi sinh vat.
Rh :fr x (rln+ rhn)
3.2.2. Phuong trinh cin bang nito

a) Phuiong trinh cdn bang nito hitu co (Org_N):
d(Org N) 1

dt  HRT

Trong dé: HRT: thoi gian luu nudc (ngay); Org_N, :
noéng do nito hitu co dong vao (g/m’); Org_N: nong do
nito hitu co dong ra (¢/m’); r,: ty 1¢ phan hity ciia thyc
vdt (g.m? ngay');

r,=R

r. 1y 1é hdp thy amoni ciia vi sinh vat dé phdt trién

(gm~. ngay')

(Org N, —Org N) +r1, + Tyt T 1, T, (6)

decay X Nplant

+r, 4 r,) X 0 20 x Org Nx P,

rgl = [(umamzu

K + NH N
u, ., tocdo phit trién toi da ciia vi khudn 6 20°C(ngay”'),
gid tri ddc trung: 0,18; 0 : hé s6 nhiét do phat trién ciia vi
sinh vat (1,08 - 1,10); P, la hé s0 uu tién hdp thu amoni;
NH, N

P=—
KI+NH,_N
K, la hang s6 bin bdo hoa hdp thu amoni, k =2
(mg/L) 1ty & hdp thy nitrat ciia vi sinh vt dé phat
trién (gm ngay™);

No, N
X Org_ Nx P,

T-20) Y
+rb1+rb2)><01( ) % K+ NO_N

T ™= [(uma)LZO

P, la hé s6 uu tién hap thu nitrat; K, la hang so bén
bao hoa hdp thu nitrat, k = 2 (mg/L); r .ty lé khodng héa
nitd hitu cd thanh amoniac (g.m> ngay™)

r,=0rg xR xT

R . :toc do khodng héa (d), c6 gid tri 0,0005 - 0,143,
gid tri ddc trung 0,01; r: ty Ié lang ciia nito hitu co vao
trdam tich (g.m? ngay);

U(l-w)

re=Lane ———
(o

112

g (ps—p)

n= 18y,

a: la hé s6 dinh c6 gid tri, 0,0008 - 0,0012. Gid tri ddc
trung (0,001); U: la van toc dong chdy (m/ngay), U= HLR
- tdi trong thily lic; w: do x0p ctia bai loc; d: dudng kinh
ctia ong thu, (m), dc = 0,025 m; y: hiéu qud logi bé ciia ong
thu; p: mat do ciia hat lang (kg/m?), 1025 - 1050; p: khoi
lugng riéng ciia mide (kg/m?), 995,7 kg/m?; y: do nhét ciia
chat Iong; u,: van téc dong chdy (m/s); dp: duong kinh hat
keo lang xudng, c6 gid tri tii 0,4 - 10 um. (d, = 5 pm).

b) Phuong trinh cén bang nito amoni (NH L

dNH N)

o g VN, -NH N) -1 -

- rg1+ ro—r, (7)

NH,_N, : nong do NH, dong vao (g/m’); NH,: nong
do NH, dong ra (g/m’); r : ty 1é nitrat héa amoni thanh
nitrat (g.m?. ngay™);

Hy NH_N DO
" X( " ) (K4 DO

Y, " ‘K, +NH_N

U, Toc do ting truidng ctia Nitrosomonas (ngay™') (0,33
- 2,21); Y,: Hé 56 ndng sudt ciia vi khudn Nitrosomonas
(mgVSS/mgN) (0,03 - 0,13); DO: néng dé Oxy (mg/L);
K : Hangsd ban bio hoa amoni ciia vi khudn Nitrosomonas,
c6 gid tri 0,13 - 1,3. Gid tri ddc trung K, = 1.0 (gN/m’);
K Hang s6 bdn bao hoa oxy ctia vi khudn Nitrosomonas,
K, = 0.8 (gN/m’); C, Hé s6 phu thudc vao nhiét do:

CT = e o(T19

¢: Hang s6 thuc nghiém (°C"), ¢ = 0,098; CPH: Hé s6
gidi han sy tang trudng ctia vi khudn béi pH.

C,=1-0833(7,2 - pH) v6i pH < 7,2

)xC,xC,,

C, = 1,0v6i pH 27,23
r 2 Ty 1é sit dung amoni ciia thyc vt dé tdng trudng
(gm?. ngay”).

NH

= ) X I\]plant
NH,, +NO,,

r: Toc do tang trudng cua thuc vat, r = 0,028 r
toc 49 hdp thy amoni ctia vi sinh vdt d€ phdt trién (g.m™>.
ngay); r, : toc do khodng héa nito hiiu co thanh amoniac
(g:m?. ngay'); r : toc do bay hoi ctia NH.,

rul = ru (

Su bay hoi amoniac la mét qua trinh héa ly.
Reddy va Patrick (1984) chi ra rang, ton thit NH
do bay hoi la khong nghiém trong néu gia tri
pH duéi 8,0. Nhung & nhiét do 20°C néu gia tri
pH tang lén dén 8,5 thi ty 1¢ NH, c6 thé ting lén
20 - 25%. O miic pH 9,3 ty 1¢ guia cdcion NH, va
amoni 1a 1:1 va tdn that do bay hoi la rét dang ké.
Do do, téc do bay hoi cia amoniac dugc xac dinh
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béi cac gia tri ctia nhiét do va gia tri pH. Phuong
trinh t6c d¢ bay hoi ctia NH.:
NH,_N

., =
v 1 + 10 (10068 - 0.033T - pH)

¢) Phuong trinh can bang nitrat (NO,"):
dNO,_N)
dt  HRT

(NO_N, ~-NO,_N)+1,~1,,~1,~ "o (8)

NO,_N,: Nong do nitrat dong vao (g/m’); r: ty I¢
nitrat héa amoni thanh nitrat (g.m?. ngay™); r,, : ty lé khi
nitrat cua nitrat (gm?. ngay”);

T = [(Dr Tt rhz) x 91 o 20)] x NO3_N

D : Hang s toc do khii nitrat (d), c6 gid tri 0 - 1, gid
tri ddc trung 0,195 (Aloyce and Marwa, 2018); 0: hé s6
nhiét cho qud trinh khii c6 gid tri 1,02 - 1,09 (Metcalf and
Eddy, 1995; Mayo and Bigambo, 2005); r, : toc do phdn
ting ctia sinh khdi tong hgp-mang sinh hoc (ngay”);
rbl =a,x Ot—ﬁ

s a+f
D,
Ls

o=

_ tanh (Q)ku x Ly
ﬂ =
4]
r,,; toc do phdn ting ctia sinh khoi thiic vat-mang sinh
hoc (ngay™);

a
rbZ:aszxa—fﬁ
_ R (1-At)
S

Trong do: a_: dién tich bé mat cu thé ciia mang sinh
hoc trén mot don vi thé tich, 5,76 - 20,83, (m*/m’); a ;
dién tich bé mdt cu thé cia thuc vat m*/m’ (1,67 - 1,97);
a: h¢ s6 dinh; D ; h¢ s6 khuéch tdn trong 16p chdt long
(m?/ngay); L : chiéu day I6p chdt léng (m); 0: thong so dac
trung ctia mang sinh hoc;

[[ Dfa™r

‘ul
K, la hang so toc do phdn ting bac mot ciia mang sinh
hoc (ngay”); Lf' chiéu day mang sinh hoc (m); Df' Su khuéch
tdn ciia chdt nén trong mang sinh hoc (m? ngay™), 5,5 x
101-5; 0: hé s6 nhiét cho qud trinh khit ¢6 gid tri 1,02 - 1,09;
R dién tich bé mqt ré hiiu hiéu trén mot don vi dién tich
bé mdt; At: la phdn dién tich ciia mot don vi ddt ngdp nudc

Dy

dugc bao phii béi ré thuc vt trén tong dién tich don vi ddt
ngdp nudc dién tich (0,0 - 1); r ; ty lé sii dung nitrat ctia
thuic vdt dé tang trudng (gm™ ngay™):

NH, N
- ) x N
NH,_N+NO,_N plant

ru2 = ru (

r : ty 1é hdp thu nitrat cia vi sinh vat dé phdt trién
g2
(gm~. ngay™):

d(l\]phnr _
dt - ruzﬁL ruZ - rdv

r: Ty 1é sit dung amonia ciia thiic vat dé tang trudng
(gm?. ngay'); r : ty lé s dung nitrat ctia thyc vat dé tang
trudng (g.m>. ngay'); Nito trong thuc vt dugc mo hinh
héa théng qua cdc qud trinh nitrat va amonia dugc hdp
thuy béi thuic vat va qud trinh phan hity thic vat.

d) Phuong trinh can bang nitd trong thuic vit:

d(l\]plumt)
dt

= ruZ + ru2 - rdv (9)

e) Phuong trinh can bang nito trong tram tich:
d(N )

sediment
=r-r, (10)

dt

3.2.3. Phuiong trinh mé phong cdc qud trinh sinh

hoc ciia phot pho

- Can bang cho bai loc trong cdy dugc mo phong
v6i téng phét pho:

dTP 1

dt HRT

(TP, - TP) TP x (k + w) + 1 x (1 - w) (11)

Trong do: TP : Tong phot pho dong vao (mg/L); TP:
tong phot pho dong ra (mg/L); HRT: théi gian luu nuiéc
cuia hé thong (ngay); k: toc do hdp thu phét pho ciia thuc
vat (ngay™); w: do x0p cuia bai loc (0,1-0,8); r: hé s6 nhd
hdp phu phot pho ctia vat liéu (ngay™).

3.3. Phuong phap giai hé hé phuong trinh vi phan

Hé phuong trinh vi phan dugc thiét 1ap khong
thé gidi dugc bang phuong phdp gidi tich thong
thuong, ma phai gidi gin dung bang phuong phap
s0. Trong nghién ctiu nay lya chon phuong phap
Runge-Kutta la phuong phap hiéu qua nhat do viia
c6 do chinh xac cao, thuit toan khong qua phtc
tap, dugc ap dung rong rai d€ gidi cic phuong trinh
vi phan.

Cong thtic Runge-Kutta bac 4 giai hé phuong
trinh vi phan:
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Xét hé phuong trinh vi phan bac nhat:

dy
Ttlzfl(t,xl,xz,...,xr)

dy

dt2 Lt x, %, x)

dy,

7 =ft,x,,%,,x)

>y,(1), y,(0), y,(0)..., y,(D)=?

Phuong phap giai: Hau hét cac phuong phap s6
déu gidng nhau & y tudng, bat dau véi diéu kién
ban dau, ta tinh cac budc ti€p theo v6i khoang tang
thai gian At, tinh vecto x § méi buéc. Pau rala mot
bang gid tri ctia x theo thdi gian t. Dau vao bat budc
bao gdbm vecto f(x, t) sé xac dinh cac phuong trinh
vi phan béc nhat, cac diéu kién ban dau va khoang
thoi gian cta 16i gii. It khi chi can ting khoang
thoi gian At, bdi vi hau hét cac chuong trinh déu tu
dong tinh toan gia tri hiéu qua nhat ctia At. Su khac
biét co ban gitia cdc goi phan mém khéc nhau nim
& ct phap dugc st dung.

Giai hé phuong trinh bang phuong phap Runge-
kutta thich nghi bac 4:

Cu phép: [t, x] = ode45(@f, [t0 t1 t2...tEnd], [x1
X2 X3... xn]

@f: Ham f viét tay ctia nguoi dung dé€ tinh toan
dugc gia tri cua vecto f (x, t) trong phuong trinh.

[t0 t1 t2...tEnd]: Cac thoi diém thoi gian ma
6 do loi giai dugc tinh. Thong thudng nguoi ta sé
tinh mot chudi céc thoi diém cich nhau 1 khodng
tang thai gian dt ¢ dinh, khi d6 ct phap nay c6 thé
duogc viét nhu sau: t = t0: dt: tEnd

[x1 x2x3... xn]: Cac gia tri ban dau ctia cac ham
x1,x2... xn.

t: Vecto chita cac thoi diém thoi gian dé tinh 16i giai.
x: Ma tran 16i giai ma cac cot cta chung chtia
cac gia tri cua cac ham x1, x2,... xn.

Hé cac phuong trinh trong mé hinh dugc giai
s6 bang phuong phdp Runge-Kutta bac 4 va ngoén
ngti lap trinh Matlab.
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3.4. Phan tich d6 nhay

3.4.1. Phan tich dé nhay cia cdc théng sé dnh
huéng dén nong do nito trong bai loc

Thuc hién chay mo6 hinh véi s6 liéu do dac cua
dé tai KC08.05 va KC08.DAO02, Vién Khoa hoc va
Cong nghé mai trudng, Dai hoc Bach khoa Ha Noi.
Trudc hét, nghién ctiu thuc hién phén tich d6 nhay
dé xac dinh cac thong s6 cho viéc hiéu chinh mo
hinh. Cac két qua phén tich do nhay dugc trinh bay
trong hinh 2.

Két qua phan tich do nhay cho thdy, cac thong
s6 anh hudng 16n t6i ndng do nito hitu co la Rmin
- toc d¢ khodng hoa (ngay™') va nhiét do (T), trong
d6 Rmin c6 anh hudng ro rét khi thay déi trong
khoang gia tri min va max. D6i v6i nong dé amoni,
thong s6 Rmin tiép tuc c6 anh hudng 16n, ti€p theo
la cac thong s6 Yn - Hé s6 nang suét ctia vi khudn
Nitrosomonas (mg VSS/mg N) va Un - T6c d6 tang
trudng cua Nitrosomonas (ngay™'). Nong do nitrat
chiu anh hudng béi cac thong s6 Un, Yn, a - dién
tich bé mét cu thé ctia mang sinh hoc trén mét don
vi thé tich va Dr- hang s6 t&¢ do khu nitrat (ngay™).
Tu két qua phan tich d¢ nhay & trén, da xac dinh
dugc cic thong sé dé thuc hién hiéu chinh mo hinh
goém: Rmin: t6c do amon hoa nito hitu co thanh
amoni; T: nhiét do ctia dong vao; Yn: hé s6 ning
sudt cta vi khudn Nitrosomonas; Un: t6c do ting
trudng cta vi khudn Nitrosomonas; Dr: hang s6 t6¢
do kht nitrat (ngay™).

3.4.2. Phan tich do nhay cia cdc thong sé dnh
huéng dén nong dé phot pho trong bai loc trong ciy

Cac thong s6 d€ tién hanh phan tich do nhay
cua nong do phot pho trong bai loc trong cay bao
gom: k: hé s6 hap thu phot pho ctia thuc vat, c6 gia
tri ti 0 - 1; w: dO xOp ctia vat liéu trong bai loc, c
gia tri tti 0,1 - 0,8; r: hé s6 nha hap phu cua bai loc,
cédgiatrittu 0 - 100.

Qua qua trinh phan tich d¢ nhay, nhan thay
3 thong s6 k, w, r déu c6 do nhay cao. Trong qua
trinh hiéu chinh, ngoai thong s6 d6 rong w da dugc
xac dinh thi tién hanh hiéu chinh 2 théngsé kvar.
3.5. Hiéu chinh va mo phdong

S6 liéu dau vao: OrgNin = 47,08 mg/L, NH, "in =
43,9 mg/L, NO,in = 14,61 mg/L, TPin = 5,52 mg/L,
HRT = 12 ngay.
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Hinh 2. Két qua phén tich d6 nhay mot s6 thong s6 anh hudng 16n dén ndéng d6 nito hiiu co, amoni va nitrat
trong bai loc trong ciy TG nén dit lai dudng ké xanh va do trong hinh, vi tap chi in den tring
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Hinh 3. Két qua phén tich do nhay cdc thong s6 anh hudng dén nong do phot pho trong bai loc tréng cay
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3.5.1. Hiéu chinh va mé phéng cin bang nito trong
bai lgc trong cay

Hiéu chinh théng s6 Rmin tii 0,01 1én 1,3; Un
tt 0,9 xudng 0,75; Dr ti 0,195 1én 0,9 nhan dugc
két qua & dang d6 thi mo6 phong can bang N hiiu
€0, amoni, nitrat trong bai loc trong cay. Két qua
mo phong cho théy, gid tri nong d6 nito hiiu co mo
phong tai khoang thdi gian cin bang va 6n dinh la
2,5mg/L,v6i7/10 gia tri co sais6 < 12%, va 3/10 gia
tri c6 sai s6 > 12%, chénh léch trung binh khoang
10,9% so véi s6 liéu do thuc té c6 3 gid tri védi sai s6
> 12%, tuy nhién néng do chénh léch chitli 0,4 dén

0,6 mg/L, do d¢ sai s6 nay c6 thé chdp nhan dugc.

Gia tri nong d¢ amoni mo phong tai khoang
thoi gian can bang va 6n dinh c6 gia tri tii 21,7 dén
22,0 mg/L, cac gid tri déu co sai s6 déu ndm trong
gi6i han cho phép (<12%), va sai s6 trung binh
khodang 2,7% so véi gia tri do thuc té.

Gia tri néng d¢ Nitrat mo6 phong tai khoang thaoi
gian can bang va dn dinh 13 2,0 mg/L, v6i 2/10 gid
tri c6 sai s6 >12%, sai s6 trung binh khoang 9,2%
so vdi gia tri do thuc té. Hai gia tri sai s6 >12%, tuy
nhién do chénh léch gitta m6 phong va két qua do
chi 0,4 mg/L nén sai s6 nay c6 thé chip nhan dugc.

e
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- \
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Hinh 4. D6 thi m6 phong can bang nito trong bai loc

Ghi chii: Dudng mau xanh TG nén déi lai vi tap chi in den trang biéu thi ndng do nito diugc mo phéng sau khi hiéu

chinh; Ddu “+” biéu thi gid tri nito hitu co thuc té.

Két qua mo phong cho thdy con c6é mot s6 gia
tri co sai s6 > 12%, tuy nhién nhiing sai s6 nay la
chép nhap dugc do chénh 1éch nong do khong cao
(<1 mg/L).

3.5.2. Hiéu chinh va mé phéng can bdng phét pho
trong bai loc trong cdy

Hiéu chinh hé s6 hdp thu phét pho (k) ti gia tri
0,11én gia tri 1,37; hé s6 nha hap phu tii 1 xuéng 0,2
nhan dugc d6 thi mé phong phét pho trong hinh 5.
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Két qua mo6 phong cho théy s6 liéu tinh toan TP
dong ra khé tuong dong véi két qua do dac. Nong
do phot pho dau ra theo moé phong khi hé thong
hoat dong 6n dinh la 1,84 mg/L, sai s6 déu nam
trong gi6i han cho phép (< 12%), sai s6 trung binh
1a 3,2% so v6i gia tri do thuc té. Nhu vay, mo6 hinh
s6 thiét 1ap dugc cho thay budc dau la phu hgp dé
dp dung trong moé phong cac qud trinh chuyén hoa
phot pho trong bai loc trong cay kién tao dong chay
ngam.
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Hinh 5. Hiéu chinh can bang phét pho

3.5.3. M6 phéng cin bang cacbon trong bdi loc
trong cay

Két qua mo6 phdng can bing cacbon trong bai
loc trong cay dugc trinh bay trong hinh 6.

Két qua mo phong cho thay, ligng POC, (cacbon
htiu co dang hat viung rac) ting lién tuc va gan nhu
tuyén tinh véi thoi gian. Sau 1 ndm thi nong do
POC, c6 gia tri khoang hon 2.000 g/m’. Sy tich tu
POC, cht yéu tif qua trinh phan hty ctia thuc vat
va sinh khdi chét. Lugng cacbon trong viung dat
ngap nudc chu yéula POC, . Lugng POC, (cacbon
hiiu co dang hat viing mun) ton tai rat it trong viing
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dat ngap nudc kién tao, khi hé thong hoat dong 6n
dinh thi gdn nhu c6 gia tri = 0 g/m’. Nguyén nhan
la do lugng POC,  tao ra bi mun héa tao thanh
DOC, (cacbon hiiu co hoa tan), vi sinh vat hap thu
va thuc vat phan hay thong qua qua trinh ho héap.
DOC, trong vung dit ngap nudc la rat thip, can
bang va 6n dinh & khoang gid tri ti 1 - 1,5 g/m°.
Nguyén nhan la do lugng DOC _ tao ra rit it, cing
v6i d6 la qua trinh st dung DOC_ctia vi sinh vat,
su hap thu cta thuc vat, sy rtia troi. Lugng POC,
trong vung dat ngap nudc co6 gia tri rat thap, sau
1 nam hoat dong thi c6 gid tri < 0,2 g/m”’.
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Hinh 6. M6 phong can bang cacbon trong bai loc trong cay kién tao
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IV.KET LUAN

Nghién ctiu da xay dung dugc mo hinh khai
niém, ma trén tic dong tuong hd cé xét dén cac
qué trinh chuyén ddi cua nito, phét pho, cacbon
dién ra trong bai loc trong céy kién tao ti do thiét
14p cac phuong trinh toan hoc cho méi cdu ti tham
gia vao cac qua trinh sinh hoc trong bai loc trong
cay kién tao dong chay ngam.

Két qua phan tich do nhay cho thay, cac thong s6
anh huodng l6n téi qua trinh loai bo nito trong bai
loc gom t6c do khoang hoa (Rmin), nhiét do dong
thai, hé s6 nang sudt ctia vi khuén Nitrosomonas
(Yn), toc do tang trudng ctia Nitrosomonas (Un),
dién tich bé mat cu thé clia mang sinh hoc trén mot
don vi thé tich (a ) va hang s6 t6c do khii nitrat
(Dr). Cac thong s6 c6 anh hudng 16n dén nong do
phot pho gom hé s6 hdp thu phot pho cta thuc vét
(k), do x6p ctia bai loc (w) va hé s6 nha hip phu cta
vat liéu bai loc.

Két qua hiéu chinh va mé phong da xac dinh
mo hinh mo6 phong t6t xu huéng dién bién thay déi
noéng do cac hgp chat trong bai loc. Sai s6 gitia két
qua mod phong va két qua do thuc té doi véi nong
do nito hitu co trung binh khoang 10,9%; nong do
amoni khoang 2,7%; nong do nitrat khoang 9,2%,
noéng do phot pho khoang 3,2%. Két qua mo phong
lugng cacbon trong bai loc trong céy kién tao phu
hgp véi thuc té€. Nhu vay, mé hinh dugc thiét lap
budc dau phi hgp dé mé6 phong mot s6 qué trinh
sinh hoc trong bai loc trong cay.
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Modeling of biological processes in constructed wetland treating landfill leachate
in Viet Nam

Abstract

Do Thi Hong Dung, Dang Xuan Hien

The study has established a mathematical model for applying in simulation and evaluation of landfill leachate
treatment technology by subflow constructed wetland; the system of equations simulating biological processes in the
constructed wetland has been numerically solved by the Runge-Kutta algorithm of order 4 and coded in the Matlab
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programming language. The obtained numerical model has been analyzed for sensitivity and calibrated and tested
based on measurement data sets. The results of simulation of biological processes in the constructed wetland showed
that: the error between the simulation results and the actual measurement results for the average organic nitrogen
concentration was about 10.9%; the simulated ammonium concentration had errors of <12%, and the average error
was about 2.7% compared to the actual measured value. The simulated nitrate concentration had an average error of
about 9.2% compared to the actual measured value. The simulated phosphorus concentration had an average error
of 3.2% compared with the actual measured value. The results of simulating the amount of carbon in the constructed
wetland were consistent with measured data. The numerical model is initially suitable to simulate some biological
processes in the subflow constructed wetland.

Keywords: Constructed wetland, simulation, modeling, biological processes
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ANH HUONG CUA PO MAN LEN HIEU QUA UONG GIONG TOM CANG XANH
TRONG AO TAI HUYEN AN BIEN, TINH KIEN GIANG
Duong Nhut Long", Vo Hoang Liém Dtc Tam'
TOM TAT
Anh huéng cia d6 min lén hiéu qua uong giéng tdm cang xanh dugc thuc hién trong 06 ao dét c6 dién tich
dao dong tit 1.000 - 2.000 m? tai huyén An Bién, tinh Kién Giang nhdm tim ra d min uong tom giong thich
hgp. Thi nghiém dugc bé tri hoan toan ngau nhién véi 2 nghiém thiic (NT1 va NT2) v6i dd man 8 - 10%o va
15 - 17%o, dugc 13p lai 3 [an. D6 mén binh quan ¢ NT1 va NT2 lan lugt 1a 15,93 + 0,39%o va 8,82 + 0,37%o0 déu
ndm trong giGi han gid tri b6 tri ctia nghiém thiic. Sau 75 ngay uong, khdi lugng va ning suit tom giéng & NT1 dat
dugc (9,66 + 0,28 g/con va 159 + 13 g/m?) cao hon c6 y nghia thong ké (p < 0,05) so v6i NT2 (7,94 £ 0,21 g/con va
111 + 10 g/m?). Ty 1é s6ng (%) tom giong thu dugc khong khac biét (p > 0,05) gitia NT1 va NT2. Uong giong
tom cang xanh trong ao 6 do médn 8 - 10%o dat hiéu qué cao hon so véi uong giéng & do man 15 - 17%eo.

T khoéa: Tom cang xanh (Macrobrachium rosenbergii De Man, 1879), do man, hiéu qua uong giong

L. PAT VAN BE Tai liéu nghién ctiu sinh hoc cho thdy, tdm cang
xanh 1a loai c6 thé s6ng & d6 man (0 - 25%o), phat
trién t6t & d6 man (0 - 16%o) nhung thich hgp nhat 0
- 12%o (New, 2002; D6 Thi Thanh Huong va Nguyén
Van Tu, 2010; Huong et al., 2010). Theo Téng cuc
Moi truong (2020), tinh toan luu lugng dong chay
trén song Mekong d6 vé ving DBSCL trong nim
2020 rét han ché, c6 kha nang thiéu hut so véi luu
lugng trung binh cta nhiéu ndm, do d6 tinh trang

Tom cang xanh (Macrobrachium rosenbergii De
Man, 1879) la loai ¢6 kich thudc 16n nhat trong cac
loai tdom nudc ngot, thit thom ngon, gia tri kinh té
cao nén dugc xem la mot trong nhiing déi tugng giap
xéc dugc nudi phé bién & cac nudec nhu Viét Nam,
Trung Quoéc, Thai Lan, Malaysia, An Do,... (Pham
Van Tinh, 2004). Theo Téng cuc Thuy sin (2020),

ndm 2019 ca nudc ¢ 14 tinh, thanh phd nuoi tom
cang xanh véi tong dién tich 61.744 ha, san lugng dat
24.365 tan, tap trung chu yéu tai 9 tinh viing Dong
bang song Ctiu Long (PBSCL) chiém 99,89% dién
tich va chi€ém 98,7% san lugng ctia ca nudc.

x4m nhdp min 6 DBSCL dugc canh bdo & mtic do
sau va gay gat hon va tinh Kién Giang la dia phuong
dugc ghi nhan dién hinh cho tinh hinh x4m nhap
man dién ra sém trong vung, d0 man xuit hién
thuong xuyén véi muic do xdm nhép cao va sdu hon

! Khoa Thity san, Truong Pai hoc Can Tho
* Tac gia lién hé: E-mail: dnlong@ctu.edu.vn
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