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Tém tit

Nuce thai sinh hoat tai khu vuc cang Chua Ve
(Hai Phong) mang tdi lwong dinh duong Nito (N)
va Phospho (P) cao, tiém dn riii ro gdy phii dwong
héa nguon mieée séng Cam. Nghién ciru ndy iimg
dung vi tao Chlorella vulgaris két hop mé hinh bé
mat dap g (RSM-BBD) nham t6i wu héa qud
trinh xit Iy dong thdi va thu hoi sinh khoi. Phén
tich ANOVA chitng minh mé hinh hoi quy da thirc
bdc hai dat do tin cdy xudt sdc (R?>> 0,99, Lack of
Fit p > 0,05). Théng sé vdn hanh t6i wu dwoc xdc
lap tai: Thoi gian luu nuoc 4,3 ngay, cuong do
sang 127umol/m?s va mirc d¢ tai lwong nuwoc thdi
ddu vao twong dicong 67,6% so véi nuée thai ban
dau. Tai diéu kién nay, thuc nghiém kiém chitng
ghi nhan hiéu sudt logi bé dat 87,13% doi vai
Téng Nito va 92,39% Tong Phospho (sai s6 thuec
nghiém 1,24% va 1,59%), kem theo nang sudt sinh
khoi 1,15g/L. Két qud cung cdp chudi théng sé nén
tang dé dinh c& thiét bi quang phdn tmg, dinh
hiwéng san xudt phan bon hitu co sinh hoc, thiic
day triee tiép chién lwge Cdang xanh va kinh té tuan
hoan.

Tiwr khoa: Chlore]la vulgaris, nuwoc thai sinh ﬁoqt,
cang Chua Ve, bé mat dap vng (RSM), kinh te tuan
hoan.

Abstract

Domestic wastewater at Chua Ve port (Hai
Phong) contains high loads of Nitrogen (N) and
Phosphorus (P), posing a risk of eutrophication in
the Cam River. This study applied Chlorella
vulgaris microalgae coupled with Response
Surface Methodology (RSM-BBD) to optimize the
wastewater treatment process and biomass
recovery. ANOVA demonstrated that the quadratic

polynomial regression models achieved excellent

reliability R’ > 0.99, Lack of Fit p > 0.05). The
optimal operational conditions were established
at a hydraulic retention time of 4.3 days, a light
intensity of 127umol/m?¥s, and a wastewater
dilution ratio of 67.6%. Under these conditions,
validation  experiments  recorded  removal
efficiencies of 87.13% for Total Nitrogen and
92.39% for Total Phosphorus (1.24% and 1.59%
experimental error), along with a biomass
productivity of 1.15g/L. The findings provide
foundational  parameters  for scaling up
photobioreactor systems and guide the production
of organic bio-fertilizers, directly advancing the
Green Port strategy and the circular economy.

Keywords:  Chlorella  vulgaris,  domestic

wastewater, Chua Ve port, Response Surface
Methodology (RSM), circular economy.

1. Mé diu

Cang Chua V& 1a mét trong nhimg dau mbi
container quan trong va lau doi nhét trong hé thong
cang Hai Phong. Nam bén bo song Cam, gidp ranh véi
cac khu vuc dan cu ndi d6 dong duc, cang Chua VE
hién dang d6i mat voi ap luc kép vé hidu qua khai thac
va bao v€ moi truong thily vuc. Nudce thai sinh hoat
phat sinh tir cac toa nha diéu hanh, nha an va khu hau
can logistics tai diy mang dic thu tai lwong dinh
dudng Nito (N) va Phospho (P) cao. Viéc kiém soat
xa thai khong chi 1a yéu cu phap 1y ma con la trach
nhiém d6i voi hé sinh thai ha luu séng Cam. Viéc ap
dung cac cong ngh¢ xu ly sinh hoc bun hoat tinh
truyén théng (nhu Aerotank, SBR) boc 10 nhugc diém
tiéu tén nang lugng dién cho suc khi (chiém 50-60%
téng chi phi van hanh), phét sinh lwong bun thai thir
cap 16n [1] va di nguoc lai v6i 16 trinh trung hoa
carbon (Net Zero) cua nganh hang hai.

Nham giai quyét bai toan nay, cong nghé quang
phan mg vi tao (microalgal photobioreactor) ndi 1én

SO 87 (07-2026)



TAPCHI  ISSN: 1859-316X, e4SSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCEENCE AND

nhu mot gidi phap cong nghé sinh thai miii nhon.
Chung vi tao luc Chlorella vulgaris s& hiru b may
enzyme uu viét, cho phép chung ddng hoa truc tiép
amoni, nitrat va orthophosphate trong nuéc thai dé
tong hop protein, lipid cu trac té bao [2]. Co ché nay
dién ra ddng thoi voi qua trinh quang hop, trong d6 vi
tao hép thu CO, va giai phong O», tao ra mot vong lap
hoan hao: Chuyén hoa chét 6 nhiém thanh sinh khdi
co gia tri gia tang cao.

Mic di nén tang 1y thuyét sinh hoc d 13 rang, viéc
ap dung cong nghé vi tdo vao ma tran nude thai thuc
té luon d6i mat véi rao can tdi vu hoa ky thuat. Hi¢u
suét hé thong bi chi phdi boi cac yéu td phi tuyén tinh:
néu thoi gian luu nude (HRT) qué ngén s& gay rira troi
té bao; néu cudong do sang khong phu hop s& dan dén
hién tugng (rc ché quang hop hodc tu che khuét; va
ndng d6 chit 6 nhiém qua cao co thé tao ra (mg suét
tham thau [3]. Phuong phap thiét ké khao sat don bién
truyén théng khong thé ndm bat dugc cac twong tac
chéo giita nhirng yéu t6 nay [4].

Nghién ctru ndy dugc thuc hién nhim muc dich:
(1) Ung dung mo hinh thdng ké Bé mat dap tmg
(RSM) theo cau trac Box-Behnken dé s6 hoa va thiét
1ap phuong trinh dong Iuc hoc dy bao hiéu suét xtr ly
TN, TP tir nudce thai cang sinh hoat tai cang Chua Vg,
(2) Phan tich chuyén sau co ché tuong tac gitra dong
luc hoc thuy Itrc (HRT), quang hoc (cuong do sang)
va sinh hoc (ndng do co chat); (3) Xac 1ap bo thong sb
van hanh cuc dai hoa hiéu suat xir Iy va thu hoi tai
nguyén, cung cap luan ctr khoa hoc viing chéc dé thiét
ké cac tram xtr Iy nuéc thai chuan Cang xanh.

Nghién ciru khong chi t6i wu hoa cac thong sé van
hanh ma con thiét 1ap chudi dir liéu nén tang dé dinh
¢d cac module quang phan tng sinh hoc, phuc vu truc
tiép cho tiéu chi moi truong trong 16 trinh chuyén doi
Cang xanh. Viéc chuyén hoa chat 6 nhidm thanh phan
bon sinh hoc tao vanh dai xanh cach ly khu vuc bde
xép container 1a mot dong gop mang tinh thyc tién cao
cho cang Chua VE.

2. Vit liéu va phwong phap nghién ciru
2.1. Déi twong va pham vi nghién ciru

Mau nuéc thai sinh hoat duge thu thap lién tuc
trong 3 ngay tai hd gom khu vuc hanh chinh cang
Chuia V&. Nhiam mé phong sat nhat diéu kién van hanh
cua tram xur Iy so bg, nude thai dugc dé léng co hoc 2
gio dé loai trir réc théd va can lo ling vo co. Péac tinh
hoa Iy diu vao ghi nhan ndng d6 6 nhiém cao va bién
dong nhe: Nhu cau oxy héa hoc (COD) dat 385 +
20mg/L, Téng Nito (TN) 52,4 + 4,5mg/L, va Tong
Phospho (TP) 10,8 £ 1,2mg/L, pH 7,2 £ 0.3.
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Chung Chlorella vulgaris thuan khiét dugc ting
sinh trong moi truong BG-11 tai binh tam giac
1000mL (lic 150 vong/phit, chiéu sang lién tuc
120pumol/m¥s, nhiét d6 25 + 2°C). Sinh khéi & pha
logarit (mat d6 quang OD_680 ~ 1.0) dwoc thu hoach
bang phwong phap ly tim 4000 vong/phut, ria qua
nudc cét hai 1an dé loai bo sinh dudng du thira, dam
bao vi tao & trang thai d6i dinh dudng trudc khi cdy
vao 16 phan ng, kich thich hiéu tmg hap thu vugt mirc.
2.2. Bé tri mé hinh quang phén itng sinh hoc
(Photobioreactor)

Hé théng thi nghiém theo mé dugc thiét lap véi
cac binh quang phéan tng dung tich lam vi¢c 2L. Mét
do vi tao céy khoi diém duge chudn hoa & muc
0,15g/L (trong lugng kho). H¢ théng duoc van hanh
v6i chu ky chiéu sang quang chu ky 12/12 (sang/t6i)
nham mé phong diéu kién anh sang tu nhién va ngin
ngira ing suat quang héa 1én hé vi tao. Gia tri pH dau
vao cua nudc thai ndi cang ghi nhan & mirc 7,2 £ 0,3,
phi hop vai khoang sinh truéng t6i wu cia Chlorella
vulgaris. Hé théng khong ding hoa chit dém pH dé
giam chi phi. Ngudn carbon v6 co (CO,) dugc cung
cép lién tyc, théng qua hé thdng cap khi suc bot min
(1,5L/phat) bang khong khi tu nhién, d4p tmg di nhu
cau quang hop. Ngoai ra viéc suc khi lién tuc nay con
¢6 tac dung tan bo O, sinh ra tranh e ché quang hop
cuc bd; va (3) tao dong 1 lién tuc, ngan nglra sy léng
dong va dam bao moi té bao déu luan phién tiép xuc
v6i ving chiéu sang hiéu dung [4].

2.3. Thiét ké thi nghiém

Thuét toan Box-Behnken (BBD) thudc nhom thiét
ké Bé mat dap tng (RSM) dugc lya chon do uu diém
giam thiéu sb lugng thi nghiém (tranh cac diém cuc
tri khong thuc té & goc ctia khong gian thiét ké) so vai
thiét ké Cau trac tam [5]. Ba bién sé doc 1ap dau vao
dugc ma héa ¢ 3 muc (-1, 0, +1) [6]:

X;: Thoi gian luu nude - HRT (2, 4, 6 ngay);

Xo: Cuong d6 chiéu sang (80, 120, 160 pmol/m?¥s);

X;: Mitie d9 tai luong nudre thai dau vao (mo phong
stc chiu tai) (twong duong 50%, 75%, 100% nudc thai
ban dau).

MGéi twong quan phi tuyén tinh giita ham muc tiéu
(Yrw: Hiéu sudt logi b6 TN, Yrp: Hiéu sudt logi bo TP)
va cac bién sb duge mo hinh hoa theo phuong trinh da
thirc hdi quy béc hai tong quat:

Y =By + X BiXi + X BuX? + X B XX, (1)

Trong d6: Y 1a gia tri dap tmg du doan; By 1a hang
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sO chin; £;1a hé sb hdi quy tuyén tinh (linear); £ 1a hé
s6 hodi quy bac hai (quadratic); va f; 1a hé s6 hoi quy
tuong tac chéo (interaction). Dit liéu dugc xtr 1y thong
ké bang phan mém Design-Expert. Do tin ciy cia md
hinh dwgc danh gia thong qua phan tich phuong sai
(ANOVA) vé6i muc y nghia a=0,05.

2.4. Phwong phdp phdn tich va tinh todn

Nong d6 TN va TP duoc xac dinh theo Standard
Methods for the Examination of Water and
Wastewater (APHA) [4, 7]. Cu thé, Téng Phospho
duoc phan tich theo phuong phap SMEWW 4500-
PB&D:2023 va Tong Nito theo phuong phap
SMEWW 4500-N. Sinh khdi kho dugc loc qua gidy
loc soi thuy tinh GF/C (0,45um) va sdy ¢ 105°C dén
khéi lwong khong d6i. Hiéu suat xir 1y (%) duoc tinh
bang ty 1& phan trim chénh 1éch giita ndng do dau vao
va dau ra sau mdi chu ky HRT tuong tng.

3. Két qua va thao luin]

Ma tran thiét ké Box-Behnken dugc thuc hién
trong 17 mé thi nghiém ngau nhién [8], trong d6 12
mé 1 cac diém trén cac canh cua khong gian thi
nghiém va 5 mé ldp lai tai diém trung tim (nham danh
gi4 sai s6 thuan cua hé thong).

3.1. Thiét ldgp mé hinh todn hoc dw bdo hiéu
sudt xi¢ Iy N va P

Dua trén bg dir liéu thuc nghiém thu thap tir 17 mé
chay cua 10 quang phan tng theo ma tran Box-
Behnken, mdi tuong quan phi tuyén tinh giita cac
thong s van hanh va kha ning dong hoa dinh dudng
clia vi tao C. vulgaris da dugc sb héa. Trong mo hinh
nay, vi tao C. vulgaris véi dic tinh dinh dudng hon
hop ciing thuc hién qua trinh oxy hoa cac hop chat
hiru co, gop phan lam giam ddng thoi ndng d6 COD,
Téng Nito va Téng Phospho trong cting mét module
quang phan tmg. Nong do COD s& sut giam song hanh
cung N, P, do d6 khong gdy ra hién twong thiéu hut
dinh dudng cho cac cong doan sau. Tuy nhién bai bao
tap trung thiét 1ap phuong trinh du bao cho N, P do
day 1a hai tac nhan chinh yéu giy rui ro phu dudng
hoéa cho ha luu séng Cam.

Qua4 trinh phén tich hdi quy da bién da thiét 1ap
thanh cong hai m6 hinh todn hoc du bao hi¢u SUAt xir
1y Téng Nito (Y1x) va Téng Phospho (Yrp). Sau khi
loai bo cac thanh phan nhidu khong ¢6 ¥ nghia thong
ké, cac phuong trinh thuc nghiém (dugc biéu dién
duéi dang cac bién ma hoa) co dang da thure bac hai
nhu sau:

YN =85,222 +5,18X; +4,26X; - 3,26X3 +
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3,67X1Xs - 7,77X42 - 4,551X22 - 5,171X32 2)
Y1r=90,48 + 5,54X, +4,26X; - 3,64X35 + 3,48X,X>
+2,34X:X3- 7,82X12 - 4,93X,- 5,5X52 3)

Trong d6: X;: Thoi gian luu nude - HRT (2, 4, 6
ngay);

X»: Cudng do chiéu sang (80, 120, 160 pmol/m?/s).

X;3: Mitte d6 tai luong nude thai dau vao (mé phong
suc chiu tai) (twong duong 50%, 75%, 100% nudc thai
ban dau);

Y 7v: Hiéu suét loai bo TN;

Yrp: Hiéu suét loai bo TP.

Trong cac mo hinh trén, déu va do 16n cua cac hé
s6 hdi quy phan anh tryc tiép chiéu hudng va mirc do
tac dong cua ting yéu t6 dén hé théng. Cu thé, cac hé
s6 tuyén tinh duong cua Thoi gian luu nude (X)) va
Cuong do sang (X») cho thdy viéc ting thong s trong
gi6i han nhét dinh s& thuc day hiéu suat xir Iy. Nguoc
lai, hé s6 Am mang gié tri tuyét ddi 16n & cac bién bac
hai (nhw -7,77X,2 va -7,82X,2) du bao sy ton tai cua
mot diém cuc dai (dinh vom) trén khong gian bé mat,
bao hi€u gidi han chiu dyng sinh ly ctia hé vi tao khi
vuot qua ngudng can béng.

bé danh gia nang lyc dy bao va d¢ tin cdy cua hai
phuong trinh toan hoc vira thiét 1ap, cong cu Phan tich
phuong sai (ANOVA) da dugc ap dung (Bang 1).

Bing 1. Két qud kiém dinh cdc mé hinh duw bdo hiéu

sudt xie Iy N va P
5 TN: TN: G
Tham so Y nghia
p-value p-value
. Ritcoy
M6 hinh <0,0001 <0,0001 N
nghia
Sai 56
0,36 0,54
(Residual)
o Khoéng y
Lack of Fit 1,000 0,7082 -
nghia
M6 hinh
R’ 0,9975 0,9966 L.
xuat sac
Adequate
o 48,36 40,96
Precision

Két qua kiém dinh tir Bang 1 cung cp bang chting
vimg chic vé chét lugng cua cic md hinh. Ca hai
phuong trinh déu dat mic y nghia thong ké xuét sic
v6i p-value<0,0001. Chi sé “Thiéu phu hop” (Lack of
Fit) - thudce do d§ chénh léch gitra duong cong du bao
va sb liéu thyc tién [9]- ghi nhén p-value lan luot 1a
1,000 va 0,7082 (déu > 0,05). Su khong c¢6 ¥ nghia
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thdng ké cuia chi s nay Ia tin hiéu tich cuc, khang dinh
nhitng sai léch nho giot hoan toan 1a do ngiu nhién ty
nhién cua qua trinh sinh hoc, mo6 hinh khong hé bi 15i
thiéu phu hop. Péc biét, sitc manh dy bao cta hai mo
hinh duoc bao chimg tuyét déi qua hé sé xac dinh
(R?), dat murc 0,9975 cho Yzy va 0,9966 cho Yrp. Diéu
nay chimg minh rang hon 99% su bién thién vé hiéu
suat dong hoa dinh dudng trong nudc thai cang Chua
V& duoc giai thich va dy bao chinh xac boi phuong
trinh toan hoc da bién. Chi sb tin hiéu trén nhiéu
(Adequate Precision) vuot mirc 48,35 va 40,9 (16n
hon rat nhidu so véi ngudng tiéu chuan 1a 4), dam bao
hé phuong trinh hoan toan du do nhay dé diéu huéng,
tim kiém va xac ap toa do thiét ké t6i uu trén biéu do
khong gian.

3.2. Co s6 sinh - héa hoc cuia cdc twong tic da
bién

Gia tri khoa hoc cdt 156i cua phuwong phap RSM
khong chi nam & viéc xac dinh cac hé sb théng ké don
thudn, ma con & kha nang phac hoa cac gidi han sinh
1y cta vi tao théng qua cac bé mat twong tac 3 chidu
(Hinh 1 va 2). Su phuec tap trong dong luc hoc cua hé
vi tdo Chlorella vulgaris khi xtr Iy ma tran nudc thai
thuc té tai cang Chua Vé duogc giai ma thong qua cac
co ché sau:

//
7 b
IIII;II
/77 IS
{7 el
W

/1]
i

Hieu suat TN (%)

Hinh 1. Biéu do bé mdt ddp ieng 3D mé phong inh
hwéng ciia cdc thong sé van hanh dén higu suit xiv

Iy Tong Nito ciia hé vi tio Chlorella vulgaris

- Twong tdac cong hwong giita thoi gian luu nwoc
(HRT) va cuong do sang

Tuong tac giita hai théng sé6 HRT va cuong do
chiéu sang 1a tuong tac chi phdi manh m& dén hiéu
sut xtr 1y tbng N va P ciia hé théng vi tdo. Phuong
trinh hdi quy ghi nhan hé sd tuong tac chéo duong
(X1X> dat +3.67 cho TN va +3.48 cho TP), nhung lai
bi kep giita hai hé s6 bac hai am rat 1on -7,77X,2 va -
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4,551X5?). Su két hop toan hoc nay tao ra mot bé mit
mai vom bat di xung, hoi 1éch vé phia goc phan tu
¢6 HRT va cudng do sang cao, biéu thi 3 pha sinh Iy
10 rét:

Pha gidi han thuy lyc (HRT 2 ngay): Tai cac mé

2

77
525,
I'I"' S

KRN
I

Hieu suat TP (%)

Hinh 2. Biéu d6 bé mdt ddp ting 3D mé phéng dnh
huéng ciia cdc thong sé vin hanh dén higu sudt xiv

Iy Téng Phospho ciia hé vi tio Chlorella vulgaris

chay c6 HRT cuc ngén (nhu Run 1, 3, 5, 7), hiéu suét
xtr Iy bi kim hdm ¢ muc thap, dao dong tir 63% dén
70% d6i v6i TN va 68% dén 75% d6i voi TP, bat chéap
viéc thay ddi cudong do sang hay muc do tai lwong cua
nudc thai ddu vao. V& mat dong hoc vi sinh, thoi gian
2 ngay chua du dé té bao hoan tit chu ky nhan lén.
Téc d6 pha lodng ciia 16 phan tng 16n hon toc do sinh
truong dac trung (1) gy ra hién tugng rua tréi sinh
khdi. Cac hé enzyme chu chét nhu Nitrate Reductase
(khir Nitrat) khong co dii thoi gian tiép xuc vi co chét
dé phat huy tac dung [8].

Pha but toc va dong bo ning luong (HRT 4 - 6 ngay,
anh sang 120 - 160 pmol/m?/s): Khi ting HRT 1én 4 dén
6 ngay két hop anh sang manh, bé mat dap ung dung
dimg va but toe. Tai cac diém trung tim (Run 13-17),
hiéu suét dat mirc trung binh 85,12% (TN) va 90,82%
(TP). Pac biét, sy cong hudng duong cua tuong tac
X1 Xs duge thé hién 13 nhét tai Run 4 (HRT 6 ngay,
cuong do anh sang 160pumol/m?'s, Murc do tai lugng
nude thai dau vao trong duong 75%), ddy hiéu suat TN
1én muc cuc dai 86,01% va TP 1én 91,26%. Tai day, cac
photon 4nh sang kich hoat ti da chu trinh dong chuyén
dién ttr, san sinh luong 16n ATP dé bom chu dong cac
ion orthophosphate qua mang té bao, tir 6 giam rd rét
ham lugng phospho trong nuée [4].

Gidi han bio hoa tu che khuat (Pinh vom): Dil co
sy cong hudng, cac hé s6 bac hai &m x4c nhan quy
luat hiéu sudt giam dan. Néu tiép tuc neo HRT qua lau
& cuong do sang cuc dai, sinh khdi bung nd qua mirc
lam d¢ duc sinh hoc ting vot. Anh sang bi suy giam
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theo ham mi khi ddm xuyén vao tam 10, gay ra hién
tuong tu che khuit. Ving t6i xuét hién khién té bao
tao gia hoa, ho hip noi sinh 14n 4t quang hop, din dén
giai phong nguoc N, P ndi bao ra moéi truong [10].

- Twong tdc vmg sudt giita Mirc do tdi lwong nude
thdi dau vdo (mé phong sirc chiu tai) va hiéu sudt xir Iy

Viéc khao sat bién Mirc d6 tai lugng nudce thai dau
vao (md phong sirc chiu tai) (X3) da boc 16 mot co ché
(g suat moi truong rat dic trung cta nude thai cang
bién. Hé s tuyén tinh ciia X; mang ddu 4m trong ca
hai phuong trinh (-3.26 cho TN va -3.39 cho TP).

Khi st dung nudc thai sinh hoat tai cang Chua Vé
& muc 100% (nhu Run 7 va Run 11), hiéu suét tut
giam 16 rét, chi con 63,84% va 67,98% ddi véi TN.
Nudc thai nguyén chét tai hd thu gom néi cang thuong
chira nhiéu can lo lung, vang diu m& tir nha 4n va
néng d6 amoniac ty do cao. Ma tran nay vura tao ra
ddc tinh xuyén mang, vira lam tang d¢ tan xa quang
hoc, truc tiép ct giam luong photon tiép can té bao
tao. Nguoc lai, voi mic d§ tai lugng nudc thai dau
vao (mo6 phong stc chiu tai) twong dwong vai murc
50% (Run 5, Run 9) hodc 75% (cac diém trung tam)
gilip tao ra mot ving dém sinh thai, giam thiéu soc tai
va t6i vu hoa méi truong truyén sang.

Diém sang gia nhat ciia mo hinh RSM nam & viéc
phat hién ra hé s tuong tac dwong (+2,84) giita cuong

AHRT = 4.3496

50 100

C:Nuoc thai = 67.5955

68.23 91.26

Hieu suat TP = 92.3937
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(md phong strc chiu tai) (X3) dbi véi chi tiéu TP. Dicu
nay co6 nghia 1a 4nh sdng manh cé kha nang bu trir cho
su can quang cua nudc thai duc. Bing chung thuc
nghiém thé hién sic nét qua déi chiéu: O cung ndng
d6 nudc thai 100% va HRT 4 ngay, néu anh sang chi
& muc 80 pmol/m¥s (Run 11), hiéu suat TP giam
manh xudng mirc 69,81%. Nhung khi tang cuong do
sang 1én 160 pmol/m?¥/s (Run 12), hiéu suat TP phuc
hdi manh mé 18n 84,51%. Ning luong photon btrc xa
cao da thanh coéng xuyén thau qua 16p nudc thai duc,
duy tri dong luc quang hop dé vi tao tiép tuc bat giir
Phospho.
3.3. Toi wu héa diéu kién vin hanh va kiém
dinh thuc nghiém

Muc tiéu cbt 16i cua viée thiét 1ap cac phuong trinh
B& mit dap ung (RSM) 1a do tim toa do vang trén
khong gian thiét ké nhidu chiéu, noi hé thong dat hiéu
nang xir Iy cuc dai dong thoi tranh duoc cac ving rii
ro nhu sbc tai hay tu che khuat. Qua trinh nay duoc
thuc hién thong qua thudt toan t8i wu hoa sb hoc tich
hop ham sb mong mudn [4, 6]. Trén phin mém
Design-Expert, cac tiéu chi rang budc dugc thiét 1ap
khét khe: Giit ca 3 bién van hanh (HRT, cudng do sang,
mirc d6 tai luong nudc thai dau vao (mod phong sirc
chiu tai)) nam trong ving khong gian ma tran khao sat,
déng thoi cuc dai hoa trong sb cta ca hai ham muc

80 160

B:Anh sang = 127.145

ﬁ

63.84 86.32

Hieu suat TN = 87.1322

Desirability = 1.000
Solution 1 out of 100

Hinh 3. Diéu kign vin hanh téi wu ciia hé vi tio Chlorella vulgaris

d6 sang (Xz) va muc do tai luong nudce thai dau vao
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tiéu 1a hiéu suit loai bo Tong Nito (Y1n) va Tong

SO 87 (07-2026)



TAPCHI  ISSN: 1859-316X, e4SSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCEENCE AND

Phospho (Yrp). Muc d6 uu tién cia ca hai chi tiéu moi
truong nay dugce danh gia ngang bang nhau. Thong
qua viéc giai hé phuong trinh dao ham riéng phan dé
tim cuc tri toan cuc tir hai mé hinh hoi quy béc hai,
thuat toan da hoi tu va dinh vi duoc toa d6 van hanh
Iy tuong vai chi sé d6 mong mudn dat mirc xuit sic
1,000. Bo théng sb van hanh téi wu tuyét dbi dugc thé
hién tai Hinh 3.

Thoi gian luvu nude (HRT): 4,3 ngay;

Cudng d6 chiéu sang: 127umol/m?/s;

Mirc d6 tai lugng nudc thai dau vao (méd phong
strc chiu tai): Twong duong mirc 67,6% so voi nudc
thai dau vao.

Tai hé quy chiéu nay, cac phuong trinh todn hoc
du bao hé théng quang phan ung s& dat hiéu sut xir
1y dot pha: 87,13% dbi véi TN va 92,39% ddi voi TP.
Dé hé théng véan hanh dat hiéu suét t6i da, nudc thai
can trai qua coéng doan tién xir 1y (nhu ling co hoc
hodc loc tho) dé tach bt can lo lung, lam giam d¢ duc
va tai lugng 6 nhiém tho twong dwong mirc 67,6% so
v6i ban dau, gitp tdi wu hoa kha nang truyén sang cho
vi tdo.

So véi cac nghién ctru ing dung vi tdo xur Iy nudc
thai sinh hoat truyén théng (thuong yéu cau HRT tir 7
- 10 ngay dé dat hiéu suét loai bo P trén 80%) [11],
diéu kién van hanh t6i vu do moé hinh RSM thiét 1ap
trong nghién ctru nay cho phép rit ngén dang ké thoi
gian luu thuy lyc xubng chi con 4,3 ngay, trong khi
van duy tri hi¢u suét xtr Iy xuat sic (>92% doi véi TP).

Pé kiém nghiém do chinh x4c cia mé hinh toan
hoc (dic biét sau khi phan tich ANOVA da khang dinh
chi s Lack of Fit khong c6 y nghia thong ké), nghién
ctru di tién hanh kiém chimg thuc nghiém doc 1ap. Ba
mé 160 quang phan ung (n=3) duoc thiét 1ap va van
hanh song song tai phong thi nghiém véi chinh xac
cac diéu kién van hanh téi uu vira duge dé xuét.

Két qua phén tich héa 1y thuc té thu dwoc hiéu suit
loai bo trung binh dat 86,05 + 0,8% dbi véi TN va
90,92 + 0,7% dbi v6i TP. Khi dbi chiéu, sai sé tuong

An toan, méi tredng va phat trién hang hai bén virng

thuyét chi dao dong & muc 1,24% (d6i véi TN) va
1,59% (déi v6i TP). Bién d6 sai 1éch cuc ky hep nay
(dudi ngudng tiéu chuan 5%) 1a minh chimg danh
thép khang dinh sy thanh cong cua ma trin Box-
Behnken trong viéc mé phong tron ven quy luat sinh
- hoa cta hé vi tdo Chlorella vulgaris.

Su hoi tu giira 1y thuyét va thyc tién nay dam bao
rang, bo thong sé van hanh dugc xac 1ap khong phai
1a nhitng con s6 4o trén phdn mém, ma 1a dit liéu nén
tang hoan toan dang tin cdy. Vi vay bo thong sb tdi vu
nay c6 thé sir dung dé tién hanh dinh ¢ va thiét ké chi
tiét cac module quang sinh hoc cong nghiép, tich hop
truc tiép vao hé thong ha tang xir Iy nudc thai tai cac
bai container thudc cang Chua VE.

4. Pinh huéng cong nghé va phat trién kinh té
tudn hoan tai cing Chua Vé

Su chuyén dich mé thirc tir “xtr Iy cudi duong 6ng”
sang “thu hoi tai nguyén” 12 hat nhan ciia k§ thuat moi
truong hién dai [12]. D6i voi hé théng quang sinh hoc
tai cang Chuia V&, hé thong khong chi hudng t6i viéc
dap g tiéu chuan xa thai QCVN 14:2025/BTNMT,
ma trong tAm 1a tan thu triét dé ngudn dinh dudng du
thira (ngay ca ¢ ndong do thap) dé san xuét sinh khéi,
hién thuc héa muc tiéu khong phat thai (zero-waste)
cua mo hinh Cang Xanh.

Két qua t6i uu héa RSM cung cap dir liéu nén tang
dong hoc sinh hoc cho hé vi tao Chlorella vulgaris xtt
1y nudc thai tai cang Chua V&. Bé hudng t6i muyc tiéu
kinh té tuan hoan, véi quy md thuc té wu tién cac hé
thdng dién tich chiéu sang 16n, tan dung 4nh sang tu
nhién nhu bé muong oxy héa hd. So véi cong nghé
bun hoat tinh truyén théng (50-60% chi phi ning
lwong cho suc khi hiéu khi) [11], hé vi tao ¢6 wu thé
cit giam nang luong van hanh dang ké do kha ning ty
cung cap oxy qua quang hop, chi yéu cau suc khi CO,
lwu lwong thép. Sinh khéi vi tao thu hdi (1,15g/L) 1a
nguyén liéu san xuat phan bén sinh hoc va nang lugng,
tao gié tri kinh té truc tiép. Tinh 6n dinh dai han duoc
dam bao thong qua viéc tich hop cac budc tién xir 1y
co hoc (lang so b, loc thd) dé duy tri d6 trong quang

Thu hoach sinh

Hinh 4. So dé khéi quy trinh xit Iy nwéc thdi siv dung vi tio C. vulgaris tai cing Chita Vé

d6i giira két qua thuc nghiém va gia tri du béo Iy

hoc 6n dinh, giam thiéu (mg suat quang hoc trudc cac
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bién dong tai lwong ngau nhién. Nhom tac gia dé xuat
so d6 khdi tich hop quy trinh (Hinh 4).

Nude sau xir Iy co thé tai sir dung cho cac muc
dich tudi cdy, vé sinh bén bai trong cang, giam dang
ké lugng nudc sach tiéu thu. Sinh khéi tao thu hoach
dugc chuyén sang cong doan ché bién sau.

Duéi goc d6 quan Iy moi truong va tai nguyén ven
b0, cang Chuia V& mang tinh dic thu cao: 1a cang song
dan xen voi cac khu do thi sim uit doc tuyén song
Cam. Do d6, viéc thiét 1ap cac dai cay xanh cach ly dé
can buyi phé lidu va suy giam tiéng on tir hoat dong boc
xép container 13 yéu cau bit budc. Luong sinh khéi vi
tao doi dao thu hoi tir module xir Iy nude thai chinh 1a
giai phap vat liéu sinh hoc ly tuéng. Khac véi phan
bén vo co dé bi rira troi giy phu dudng nguoc dong
song Cam, sinh khéi vi tao khi dugc ép am s& dong
vai trd nhu mot hé phan bén nha cham. Mang té bao
vi tdo phan huy tir tr dudi tac dong cta hé vi sinh vt
dat, giai phong tir tn N, P, dong thoi cung cép cac
phytohormone sinh truéng tu nhién, gitp tai thiét 1ap
chu tric min va ting cudng stc chdng chiu cho hé
thyc vat cach ly ndi cang. Hon thé nita, dua trén
phuong trinh can bang ty lugng quang hop, su sinh
truéng cia hé vi tao song hanh véi co ché co lap
carbon. Viéc chuyén d6i ma tran nudce thai thanh sinh
khdi tryc tiép hdp thu mot luong 16n khi CO,, tao ra
céc bé tin chi carbon cuc b ngay tai tram diéu hanh.
Luan diém nay cung cap co so khoa hoc viing chic
cho viéc thiét ké cac hé théng quang phan g da muc
tiéu, vira giai quyét triét dé rui ro 6 nhiém tai nguyén
nudc mat, vira dong gop truc tiép vao 19 trinh kiém ké
khi nha kinh, hién thuc hoa tm nhin chién lugc vé
mot md hinh Cang xanh (Green Port) phét trién hai
hoa véi hé sinh thai d6 thi.

5. Két luin

Nghién ctru da ing dung thanh cong phuong phap
Bé mit dap tmg (RSM) dya trén ma tran thiét ké Box-
Behnken (BBD) dé s6 hoa, md phong va t6i wu hoa hé
thong quang phan Gng s dung vi tao Chlorella
vulgaris trong xu ly nuwde thai sinh hoat tai cang Chua
V&. Cong cu phan tich phuong sai (ANOVA) khing
dinh mo6 hinh toan hoc da thtrc bac hai phan anh Xuét
sic dong luc hoc ctia hé thong véi hé s6 xac dinh (R?)
dat trén 0,99, dong thoi chi sé thiéu phu hop (Lack of
Fit) hoan toan khong c¢6 y nghia thdng ké (p > 0,05),
bao chung tuyét ddi cho nang luc du bédo cua thuat
toan. Su cén bang tinh té giita quang hoc va dong luc
hoc thuy luc da duoc khoa chat tai hé quy chiéu van
hanh t6i wu: thoi gian luu nude 4,3 ngay, cuong do
chiéu sang 127 pmol/m?/s va nudc thai can trai qua
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cong doan tién xir Iy (nhu léng co hoc hoic loc tho)
dé tach bot can lo lung, 1am giam do duc va tai luong
6 nhiém tho twong dwong mirc 67,6% so véi ban dau.
Tai ving khong gian nay, cac mé thuc nghiém kiém
ching doc 1ap xac nhan hé théng dat nang lyc khoang
hoa 4n twong voi hidu suit loai bo 87,13% ddi vai
Téng Nito va 92,39% Tong Phospho, sai s6 chénh
léch so véi mo hinh 1y thuyét chi ¢ mirc 1,24% (dbi
v6i TN) va 1,59% (ddi v6i TP). Két qua ciia nghién
ctru khong chi dua ra giai phap ky thuat sinh thai uu
viét gitp thay thé cac tram xtr Iy bun hoat tinh tén kém
dién ning, ma con mé ra tiém nang thu hdi 1,15 g/L
sinh khdi 1am phén bén sinh hoc.

Nhimng s6 liéu dinh lugng nay vuot qua gi6i han
ctia quy md phong thi nghiém, cung cap chudi tham
s6 ky thuat cdt 151 dé thiét 1ap cac thong sb cho cac
thiét bi quang phan tng sinh hoc trong thyc tién.
Nghién ctru khing dinh tiém ning to 16n ctia cong
ngh¢ vi tao trong viéc khép kin vong lap tai nguyén
(nudc thai - sinh khdi - phan bon sinh hoc), mé ra
hudng di tién phong cho chuyén nganh quan ly méi
truong tai cang Chiia V& noi riéng va chién lugc phat
trién chudi cung tmg logistics hang hai xanh bén vimng
noéi chung.

Lo&i cdm on

Nghién ctru nay duogc tai trg bdéi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT25-26.174.
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