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Lép phi quang xtic  Nwdéc mua chay tran tir mit dwdng dé thi ven bién 1a ngudn 6 nhiém phi diém quan trong.
tac; Nghién cru nay danh gia tiém ning cia lép phi quang xic tic TiO, trong kiém soét 6
TiOz; nhiém nwéc mua chdy tran tai tuyén Vo Nguyén Giap, Hai Phong. Mot khung tinh ton tich
0 nhiém; hop giita thity hoc dong chay tran va phan tich tai lwong 6 nhiém dwoc xay dwng dé lwong
Chay tran do thi. héa hiéu qua mdi truedng chia gidi phap. Dwa trén phwong phdp Rational va nong do trung

binh s kién, tai lwgng 6 nhiém trwdc va sau xtt Iy dwoc wéc tinh cho diéu kién trung binh
nam va tran mwa cwc doan ngay 9/6/2024 (200 mm) két hop triéu cuwdong. K&t qua cho
thay COD, nito va phét pho c6 thé gidm lan lwot khoang 50%, 40% va 60%, trong khi kim
loai nidng gidm khoang 20%. K&t qua cho thay l&p pht TiO, c6 tiém ning &ng dung trong
bao tri mit dwong do thi ven bién, tuy nhién cin xem xét thém do bén va an toan khai thac

khi trién khai thuec té.
Keywords: ABSTRACT
Photocatalytic Stormwater runoff from coastal urban roads is an important non-point pollution source.
coating; This study evaluates the potential of TiO, photocatalytic coatings for stormwater
TiOz; pollution mitigation along Vo Nguyen Giap Road in Hai Phong. An integrated framework
Pollution; combining runoff hydrology and pollutant load analysis was developed to quantify the

environmental benefits of this approach. Using the Rational method and event mean
concentrations, pollutant loads before and after treatment were estimated for average
annual conditions and an extreme rainfall event on 9 June 2024 (200 mm) combined with
tidal influence. Results indicate reductions of about 50% for COD, 40% for nitrogen, and
60% for phosphorus, while heavy metals decrease by around 20%. The results suggest
that TiO, coatings could be integrated into coastal urban pavement maintenance, although
durability and traffic safety require further investigation.

Urban runoff.
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Nghién ctru ky thudt I6p pht quang xtic tdc trén mdt dwong do6 thi ven bién ...

1. Gi&i thiéu

0 nhiém nwéc mwa chdy tran tr cac bé mat
khong thadm tai do thi da dwgc ghi nhin nhue mot
trong nhitng ngu6dn phat thai phi diém quan trong,
c6 kha nang tac dong tiéu cuc dén chat lwgng moi
tredng nwdc mat va ven bién. Trén cac tuyén
dwong nhya, nwdc mwa khi roi xuéng khéng thim
qua nén dit ma cudn tréi bui dwong, dau khoang,
kim loai ndng, chit dinh dwéng va vi sinh vat. Qua
trinh nay da tao ra mot dong chay chira hon hop
phttc tap cta cac chit 6 nhiém, trong d6 c6 nhiéu
hop chit khé xir 1y bang cac bién phap truyén
thong.

Trong nhiéu nghién cttu quéc té, nwéc mua
chay tran da dwgc chirng minh la mang tai lwong 6
nhiém hitu co cao (COD tir 10-50 mg/L), kim loai
nang (Zn, Cu, Pb & mirc 10-500 pg/L), chit dinh
dudng (N, P) cung véi cac hop chit méi noi nhw
PAHs, thudc bao vé thwe vat va vinhwa [1], [2]. Pac
biét, hién twong “rira tréi ban dau” da dwoc quan
sat, khi néng do 6 nhiém trong 15-30 phut dau cia
trdn mwa c6 thé cao gap 2-3 1an so v&i trung binh
[3]. Cac dac tinh nay khién dong chay tran do thi
tré thanh moi nguy dang ké déi véi song, ho va
vung ven bién ti€p nhan.

Tai Viét Nam, cic d6 thi ven bién nhw Hai
Phong, Pa Nang, Nha Trang dang d6i mit véi ap
lwc 16n tir sw gia ting dién tich bé mat khong thim
do qua trinh d6 thi héa nhanh. Lwgng mwa trung
binh ndm cao, dién hinh nhw Hai Phong véi khoang
1.839 mm [4], cang lam gia tang dong chay tran va
tai lwong 6 nhiém, hinh dnh ngap lut trén mot
tuyén pho tai trdn mwa ky luc dwoc thé hién nhw
trong Hinh 1. Trong khi d6, hé théng thoat nwéc
mua hién nay chid yéu cé chirc ndng thoat nhanh,
chwa tich hop xtr Iy 6 nhiém. Do vay, viéc tim kiém
céc giai phap cong nghé méi nham xir Iy nwdc mua
chdy tran ngay tai nguoén dwoc xem la can thiét dé
bdo vé moi treong nwée ven bién.

Cong nghé quang xuc tac dya trén titan dioxide
(TiO2) da dwoc quan tam dac biét trong hai thap ky
gan day [5]. Khi duoc chiéu sang bang tia UV, TiO;
sinh ra cac cip electron - 16 tréng (e /h*), tao ra
cac gbc oxy hdéa manh nhw «OH va O, c6 kha nang
phéan hiy cac hop chat hitu co, oxy héa amoni va
bat hoat vi sinh vat [5], [6]. Nhiéu nghién ciru da
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chirng minh hiéu qua cda TiO; trong xt ly khong
khi (gidm NOx) va xt ly nwéc thai do thi (gidm
COD, N, P) [7]. Pdc biét, 1ép pht quang xtic tac trén
bé mat vat liéu xay dwng c6 kha nang duy tri hoat
tinh nho nang lwgng dnh sang ty nhién, khong yéu
ciu nang lwgng bé sung, tir 6 phu hop véi ha ting
d6 thi c6 dién tich bé mat 16n.

Hinh 1. Ngip lut tai dwong Lé Hong Phong, Hai Phong.
(Nguon: https://cand.com.vn/Hoat-dong-LL-
CAND/cong-an-hai-phong-xuong-duong-giup-dan-
trong-mua-lut-ky-luc-i733810/)

Trong linh vuc nwéc mwa chady tran, mot thyc
nghiém l&p pht nano-TiO; trén bé tong x6p va da
ghi nhan giam 50% COD, 60% photpho tong va
40% amoni trong mo6 hinh mwa gia 1ap [8]. Nhitng
két qua nay cho thiy tiém ning &ng dung réng rai
c6ng nghé quang xtc tadc d€ gidm tai 6 nhiém phi
diém. So sanh v&i cac nghién ctru & Bi [9] va Y [10],
hiéu qua xt ly tai khu vwc nhiét d&i c6 thé cao hon
do cwong do birc xa UV 16, gitp duy tri hiéu suit
xUc tac.

Trén co s& do, nghién ctiru nay da dwoc thuc
hién nham danh gia hiéu qua tiém ning cta 16p
phl quang xic tac trong xtt ly 6 nhiém nwéc mua
chay tran tir mat dwong dé thi ven bién tai Viét
Nam. Trudong hop nghién ctru 1a tuyén Vo Nguyén
Giap, Hai Phong - mét tuyén dwong ven bién cé
chiéu dai 2.115 m, bé réng 26 m, dién tich mat
dudng 54.990 m?, dwoc thé hién nhuw trong Hinh 2.
Véi lwgng mua trung binh ndm 1.839 mm, tuyén
dudng dwoc woc tinh tao ra trén 90.000 m® dong
chay tran mdi nam. C4c tinh toan tai lwgng 6 nhiém
(COD, N, P, Zn, Cu, Pb) tru¢c va sau xir Iy bang 16p
pht TiO, di dwoc thwc hién dwa trén néng do
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trung binh sw kién dién hinh va cic hiéu suat xt ly
dwoc cong bo trong cic nghién ctru thwc nghiém
trwdrc day. Cac thong s6 nay dwoc st dung lam dir
liéu d4u vao cho khung phan tich nham xac dinh
tai lwong 6 nhiém co s, tai lwong sau xtt Iy va mirc
giam tai 6 nhiém trong cac kich ban thiy van khac
nhau.
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Hinh 2. Toan tuyén dwong V6 Nguyén Giap, Hai
Phong.

(Ngudn: https://www.google.com/maps/place/)

(v}

biém dong gop cta nghién clru ndm & viéc xay
dung mot khung tinh toan tich hop gitra thay hoc
dong chay tran va tai lwong 6 nhiém dé danh gia
hiéu qua mo6i treong cia ldp pht quang xtc tac &
quy mé tuyén dwong do thi thwc té. Khung phan
tich nay cho phép lwong héa déng thoi tac dong
cla cac tham so thiy van, dién tich phu va sy suy
gidm hiéu sut theo thoi gian d6i véi hiéu qua xir
ly. Trong béi canh bién do6i khi hiu lam gia ting tan
suit cic trdn mwa cuc doan tai cac do thi ven bién,
cach tiép cin nay gép phan cung cip co s& khoa
hoc cho viéc xem xét trién khai cong nghé quang
xUc tac trong quan ly 6 nhiém nwéc mwa chdy tran
va bao vé chit lwong méi tredng nwée ven bién.

2. Co’ s& ly thuyét va phwong phap nghién ciru

Nwéc mwa chay tran tir bé mat do thi da dwoc
xac dinh 12 mo6t nguén 6 nhiém phi diém quan
trong, do bé mat khong thAm nhw nhwa asphalt va
bé tong khong cho phép thim huat, dan dén dong
chdy cudn theo bui dwong, dau khodng, kim loai
nang, chat dinh dwdng va vi sinh vat. Poi véi mat
dwong giao thong, sw hinh thanh dong chay da
dworc chi phoi béi ddc tinh bé mat (d6 tham, do doc,
vat liéu), cwong do - thoi gian mwa va hé s6 dong
chay. Dac biét tai cac do thi ven bién c6 lwgng muwa
16n nhw Hai Phong, dong chdy tran cé vai tro dang
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ké trong viéc van chuyén chit 6 nhiém ra sdng va
vinh bién. Trong nghién ctru nay, khung tinh toan
thiy hoc - chit lwong nwéc dwoc xay dung hoan
toan dwa trén cac céng thirc chuin ctia USEPA va
bd néng do/hiéu sudt dwoc cong bé bao dam kha
nang kiém chirng va tai 14p.

2.1. Dong chdy tran

Thé tich dong chay tran hang ndm V da dwoc
xac dinh theo cong thitrc Rational [11] cho lvu vuc
nho tai bé mat do thi:

V=yxAXP, (1)

trong d6, Y la hé sé6 dong chay (0,7-0,95 véi
mat dwong nhwa do thi; A 1a dién tich bé mat
dwong (m?2); Pe: lwong mwa hiru hiéu trung binh
nam (m).

Tuyén V6 Nguyén Giap c6 chiéu dai 2.115 m va
bé réong 26 m, dién tich tinh dwgec:

A =2.115 X 26 = 54.990m?2 (2)

Theo s06 liéu khi twong, lwvgng mwa trung binh
nam tai Hai Phong la 1.839 mm, twong &ng 1,839
m [4]. Khi thay vao Céng thirc (1) véi @ = 0,9, thé
tich dong chay tran hang nam dwoc tinh:

V = 0,9 X 54.990 x 1,839 ~ 91.000 (m3/nim)

Ngoai ra, d6i véi mot tran mwa lén 100 mm, thé
tich dong chay tran don sw kién dwoc xac dinh:
V =10,9 X 54.990 X 0,1 = 4.949 3)
(m3/nam)

Nhuw vay, chi mét tran mwa cwong d6 cao da tao
ra gan 5.000 m3 dong chay tran, khang dinh tiém
ning tai 6 nhiém dang ké.

Dboi véi kiém tra lwu lwong dinh, cong thirc
Rational truyén thong dugc dung:

Qp=CxixA (4)

trong do: C 1a hé s6 dong chay (twong dwong y;
i la cwong dd muwa thiét ké; A 1a dién tich lwu vue.
Cong thirc nay chu yéu phuc vu doi chiéu thoat
nuwéc, khong anh hudng tryce tiép dén tai lwgng 6
nhiém trong nghién ctu.

2.2. Tdi lrong 6 nhiém

Tai lwong chit 6 nhiém X trong mot sw kién
mua dwoc xac dinh theo tich phan:
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T

g = [ exe@ar
0
Nong do trung binh sy kién (EMC) dwoc dinh
nghia:

(5)

foT Cx(HQ(H)dt _ L()?(VEnt

= (6)
X,EMC
f(;r Q(tdt Vevent
Tir d6, tai lwong sw kién c6 thé rat gon thanh:
Le):(vent = CX,EMC X Vevent (7)

Trong nghién cru nay, gid tri EMC dién hinh
dwoc st dung: COD 15 mg/L, N téng 1 mg/L, P
téng 0,01 mg/L, Zn 0,2 mg/L, Cu 0,05 mg/L, Pb
0,02 mg/L [2], [12].

2.3. Lép pht quang xtic tdc TiO; trén mdt dwong
giao théng

2.3.1. Thanh phdn vt liéu va cong nghé thi cong
16p pht quang xtc tdc TiO,

Trong nghién ctru nay, 1&p phtl quang xudc tac
TiO, dwoc xem la mot 16p vatliéu chirc nang méng
dwoc bé tri trén bé mit mat dwong nham xi ly cac
chat 6 nhiém trong nwéc mwa chay tran thong qua
cac phan rng oxy hoéa quang hoéa. Lép phu nay
khong tham gia vao co ché chiu lwc ctia két cdu 4o
dwong ma chi dong vai tro nhw mot 16p bé mit
hoat tinh, cho phép tiép xtc truc ti€p véi dnh sang
mat troi va dong chdy bé mit.

Vé thanh phan vét liéu, 1&p phi quang xuc tac
thuwong st dung TiO, & dang nano, chu yéu & pha
anatase hodc hon hop anatase-rutile, dugc phan
tan trong hé lién két vo co hodc hiru co. Trong thuc
hanh ky thuit mat dwong, cic ciu hinh 1ép phu
phé bién bao gom: (i) 1&p phtt méng goc xi mang
c6 bd sung Ti0y; (ii) 1&p son hodc dung dich phu
chita TiO, phun truc ti€p 1én bé mat bé tong xi
mang hodc bé téong nhwa; va (iii) 1&¢p pha dang
epoxy két hop vai c6t liéu min ¢ gan TiO, (epoxy-
bonded aggregate). Cac ciu hinh ndy déu nham
muc tiéu tdi da hda dién tich tiép xic cta TiO, véi
moi trweong, dong thoi dam bao kha nang bam dinh
v&i bé mat mat dwong.

Cong nghé thi cong 1&p phu quang xtc tac nhin
chung twong thich v&i cic quy trinh bao tri bé mét
mat dwong hién hanh. Trinh tw thi céng dién hinh
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bao gbm cac bwéc: chuin bi va lam sach bé mat
mit dudng nham loai bé bui bin, ddu mé& va tap
chat; thi céng lép phu bang phwong phap phun
hodc rai tuy theo loai vat liéu; va duéng hd trong
thoi gian ngan dé ddm bao dd bam dinh ban dau.
Do chiéu day 1&p pht rit nho so véi chiéu day két
ciu 4o dwong, qua trinh thi cong khong lam thay
déi hinh hoc mat dwong va khong anh hwéng dén
kha nédng chiu tai ciia két ciu, mot so d6 tong quan
vé dong chay va phwong phap xt ly 16p phu bang
TiO2 dwgc mo ta nhw trong Hinh 3.

Anh sang mat troi
0,

L6p phu TIO,

*N,P

+Kim loai

*OH

Nudc chay tran

Nudce chay tran

Hinh 3. So d t6ng quan dong chay va xit ly bang l1ép
pht TiO,.

2.3.2. Cor ché quang xiic tdc ctia 1&p pht TiO;

Co ché quang xuc tac dwa trén qua trinh hinh
thanh cdp e-/h* dwéi chiéu xa UV, tao géc «OH va
02~ c6 kha nang oxy héa COD, N, P va khir m6t phan
kim loai [6]. Pong hoc phan hiy thwdng dwoc biéu
dién dwdi dang bac gia nhat:

Co
ln(C_t) = Kapp X t (8)

V&i kapp 12 hang s6 t8c dd biéu kién, hay con
dwoc hiéu 13 13 dai lwong dac trung cho toc do
phan &ng dwoc quan sat trong nhirng diéu kién cu
thé, khi cac yéu t6 anh huwdng khac (néng do, diéu
kién moi treong, anh sang, xuc tac...) khong dwoc
tach riéng hoan toan. Trong pham vi nghién ctru
nay, hiéu suat xtr ly dwoc 4p dung truc tiép tir két
qua thuyc nghiém: COD 50%, N 40%, P 60%, kim
loai 20% [8], [13].

Tai lwong sau xtr ly dwoc xac dinh:

LFO (9)

= (1 —mpcx) X Cxgmc XV

trong d6 npcx la hiéu sudt xir Iy quang xtic tac
ddi v&i chat 6 nhiém X;
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Trwong hop dién tich phu mét phan (6) hoic
hiéu suit suy gidm do 140 héa (@) dwoc biéu dién:

(10)

PC,O
qu ) = (1 =0 Xmnpcx) X Cxpmc XV

(PC,0) (11)
LX

= (1 —axXnpcx) X Cxpmc XV

D3i véi kich ban rira troi ban dau: khi mwa bat
dAu, cac chit ban tich tu 1du ngay trén mat duwong
(bui, ddu m®, kim loai, phan chim, rac hiru co...) sé
bi cuén troi tip trung trong giai doan dau. Do do,
trong 20-30% lwgng nwdc mwa diu tién, ndng do
6 nhiém thwong cao gip 2-3 lan noéng do trung
binh ca tran. Lic nay, hé s6 ting nong dd ¢rr trong
khoang tlr 2-3 dwgc ap dung (day chinh 1a hé so
nhan dé phan anh viéc néng d6 ting manh & giai
doan dau muwa):

Li(vent'FF = ¢rr X Cxemc X Vevent (12)
Véi LY " FF1a tai lwong chat 6 nhiém trong su
kién mwa c6 xét dén hiéu rng rira tréi ban dau.
Phén tich nhay tham s6: hé s6 dong chay
thuwong dao dong 0,7-0,95. Két qua tinh COD co s&
va sau xt ly cho ba gia tri 0,8; 0,9 va 0,95 dwoc
trinh bay & Bang 1.

Bang 1. Phan tich nhay theo hé s§ dong chay .

Thé t16Ch COD co s& COD sau xtr ly
P (10 (kg /nim) 50%
L/nim) & (kg/nam)
0,80 80,9 1.214 607
0,90 91,0 1.365 682,5
0,95 96,1 1.441 720,5

Khi  thay d6i trong khoang nay, COD sau xtt ly
chi dao dong +10%, chirng t6 két qua 6n dinh va
dang tin cay.

Twong tw, anh hwdng cia ty phan dién tich pha
(6) va suy gidm hiéu suit (a) dwoc thé hién & Bang
2.

Bang 2. Phan tich nhay theo ty phan dién tich phi va

lao héa.
COD
2 Hiéu sau xw
Kich ban ((:l? D/rigri()), suit ly
& (%) (kg/ni
m)

16

Pht toan
bo, khong
lao héa
Pht1 50%
dién tich

1.365 50 682,5

1.365 25 1.024

Lio héa
30% 1.365

35 887,3

Két qua cho thdy dién tich phu va sy suy giam
hiéu suit c6 anh hwédng manh hon nhiéu so véi
bién thién ctia hé s6 dong chay [14].

2.4. Quy trinh tinh

Quy trinh nghién cru da dwoc thiét 14p theo
chudi logic gobm bdn bwdc chinh:

(i) Thu thap dit liéu dau vao:

Hinh hoc tuyén dwong (dai 2.115 m, rong 26 m,
dién tich 54.990 m?).

Lwong muwa trung binh nam cua Hai Phong
(1.839 mm).

Hé s6 dong chay 1¥=0,9, trong khoang khuyén
nghi 0,7-0,95.

Nong dé6 EMC dién hinh ctia COD, N, P va kim
loai.

(ii) Tinh toan thay hoc:

Ap dung Cong thitc (1) dé tinh thé tich dong
chdy nam va cho cac kich ban mwa 50, 100 va 200
mm.

St dung Cong thirc (4) khi cin kiém tra luu
lwgng dinh phuc vu tham chiéu thoat nuwéc.

(iii) Tinh toén tai lwong 6 nhiém:

Tai lwgng co s& 1a khéi lwgng chit ban goc ma
nwdc mua rira troi tir mat dwong ra moi treong,

chwa dwoc xtr ly dwoc xac dinh theo Cong thire (7)
v&i bd EMC da chon.

Cac kich ban bién doi (rtra troéi ban dau, hé sé
dong chay, dién tich phu, ldo héa) dwoc mo phong
theo Cong thirc (10-12).

(iv) Ap dung hiéu sudt xt Iy va déi chidu quy
chuén:

Hiéu suat quang xuc tac cia TiO, doi véi COD,
N, P va kim loai dwoc 14y tir két qua thwe nghiém.
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Tai lwong sau xt ly dwoc tinh bang Coéng thirc
(9) va so sanh véi QCVN 08-MT:2015/BTNMT [15]
dé danh gid khd niang dap ng tiéu chuin moi
truong.

Véi viéc ap dung chudn khung phwong phap
nay cho phép lwgng héa day du tir dir liéu dau vao
— thly hoc — tai lwgng — hiéu suat xtr ly, ddm bao
két qua co6 tinh nhat quan, logic va minh chirng
khoa hoc.

3. Két qua va thao luian
3.1. Tdi lwgng co s& va sau xw ly

Thé tich nwéc mwa chay tran nam tir tuyén Vo
Nguyén Giap da dwoc xac dinh bang Cong thirc (1),
v&i dién tich bé mat A=54.990 m?, lwgng mwa trung
binh nam P.=1,839 m va hé s6 dong chay =0,9. Két
qua cho thiy téng thé tich dong chdy nim dat
khoang 91 x 10° L. Trén co s& ndng do trung binh
sw kién (EMC), tai lwong co s& cua cic chit 6
nhiém chinh dugc xac dinh theo Cong thirc (7) va
trinh bay trong Bang 3.

Bang 3. Tai lwgng co s& nam tir nwéc mwa chay tran
tuyén V6 Nguyén Giap.

Thong s6 Nong do Cos&
(mg/L) (kg/nm)

COD 15 1.365
Ntong 1 91.0
Ptong 0.01 091
Zn 0.2 18.2
Cu 0.05 4.55
Pb 0.02 1.82

Khi 1ép phu quang xtic tac TiO, dwoc ap dung,
hiéu suat xt ly dwoc dwa vao tinh toan: COD gidm
50%, N gidam 40%, P giam 60%, con cac kim loai
giam 20%. Két qua tai lwong sau xr ly dwoc xac
dinh theo Cong thirc (9) va thé hién tai Bang 4 va
bi€u do so sanh két qua dwoc thé hién trong Hinh
4.

Bang 4. Tai lugng sau xt ly bing 16p pha Ti02.

Thong Cos& Hiéu suit Sau xtr ly
s6 (kg/nam) (%) (kg/nam)
COD 1.365 50 682,5
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N téng 91,0 40 54,6
P tong 0,91 60 0,36
Zn 18,2 20 14,6
Cu 4,55 20 3,64
Pb 1,82 20 1,46
. 1.600
£ 1.400
2 1.200
55 1.000
— 800
E 600
% 400
£ 200
;D 0 | —
e COD N Ptébng Zn Cu Pb
= tong ~
&= Théng s6 6 nhiém
B Co s& (kg/nam) Sau xt ly (kg/nam)

Hinh 4. Biéu d6 so sanh két qua sau xtt ly.

Cac két qua cho thay COD va nito chiém ty trong
16n nhat trong tai lwong 6 nhiém nwéc mua chay
tran, trong khi phot pho va kim loai tuy c6 tai
lwgng nho hon nhwng lai gy tic dong manh dén
pht dudng va doc tinh moi treong. Sau xtr ly, COD
va N giam dang ké, phot pho gidm nhiéu nhit (60
%), con kim loai chi gidm & mtrc 20 %. Nhuw vay,
16p phtl quang xic tac chirng minh hiéu qua ro rét
déi véi cac hop chat hitu co va dinh duwdng, trong
khi can két hop thém bién phap khac dé xir ly kim
loai.

3.2. Kich bdn muwa cwc doan va bién thién tham s6é

Trdan mwa 200 mm ngay 9/6/2024 tai Hai
Phong vao luc 3 gior sang ngay 9/6/2024, mot tran
mua lén don dap da dwoc ghi nhin tai Hai Phong
véi tong lwong mwa do dwoc 1én téi 200 mm. Cung
thoi diém, triéu cwong dat mirc 3,8 m da giy ra
ngdp lut trén dién rong, xem minh hoa & Hinh 5.
bén khodng 11 gio trwa cung ngay, triéu cwong dat
dinh, két hop véi li vé da ndng myc nwéec tai cic
song 1én t&i 4,2 m. Pay dwoc xem la dot ngdp lut
nghiém trong nhit ké tir ddu mua mwa bio nam
2024. Tuyén V6 Nguyén Gidp, véi dic diém la
dwong ven bién va thap triing cuc bo, da chiu tac
dong manh trong sy kién nay.
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6666 6d4¢

Triéu cuwdng 3,8m

Hinh 5. So' @6 minh hoa tuyén duwdng khi c6 trin mwa
cwc doan két hop voi triéu cweong.

To6ng thé tich dong chay sw kién dwgc tinh theo
Cong thirc (1), dat 9,9 x 10° L. Tai lwong co s& va
sau xtr ly dwoc thé hién tai Bang 5.

Bang 5. Tai lwong 6 nhiém trong trdn mwa 200 mm

ngay 9/6/2024.

T8 ot (kg) IS;‘(‘ng‘“)Y Giam (%)
COD 148,5 74,3 50
N tong 9,9 5,9 40
P tong 0,099 0,040 60
Zn 1,98 1,58 20
Cu 0,495 0,396 20
Pb 0,198 0,158 20

Két qua cho thiy, ngay ca trong diéu kién mwa
cwc doan két hop triéu cwong va 1d, 16p phi quang
xtic tac van duy tri hiéu qua xt Iy 6n dinh: COD
gidm mot nira, N gidm gan 40 %, P gidm 60 %. Diéu
nay khang dinh tinh kha thi cta giai phap ngay
trong cac kich ban bat lgi nhit. Két qua so sanh
hiéu qua xt ly COD va P giira Hai Phong va mét so
quoc gia dugce thé hién nhw trong Bang 6.

Bang 6. So sanh hiéu qua xt ly COD va P gitra Hai

Phong va mét s6 qudc gia.

oD P giam
Quoc gia gtl(;r;l (% %) Ghi chid khi hau
0
Viét Nam Nhiét d¢i 4m,
(Hai Phong) 50 60 UV cao
Bi 30-40 35 On d&i am, UV

trung binh
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7 bia Trung Hai,
! 2535 30" UV trung binh
Ha Lan 20-25 ~25 On dé1i hai

dwong, UV thap

b€ danh gia d6 6n dinh cta két qua, phan tich
nhay da dwogc thwe hién doi véi hé s6 dong chay,
dién tich phu va sw ldo héa vat liéu. Két qua cho
thay, khi hé s6 dong chay ¥ thay d6i tir 0,8 dén
0,95, tai lwgng COD sau xtt ly chi bién dong khoang
+10%, chirng minh d6 6n dinh cia mo hinh tinh
toan. Trong khi do6, dién tich pht chi dat 50% hoac
hiéu suit suy gidm 30% do ldo hda lam tai lwgng
COD sau xtr ly ting dang ké, Ian lwot 1én hon 1.000
kg/nim va gan 890 kg/nam. Piéu nay khang dinh
rang cac yéu td ky thuat trong thi cong va bao tri
c6 dnh hwdng 1é6n hon nhiéu so véi bién thién tw
nhién cta hé sé dong chay.
3.3. So sdnh quéc té'va y nghia ttng dung

Khi so sdnh véi cadc nghién cru qudc té, mirc
gidm COD (50%) va phét pho (60%) tai Hai Phong
cao hon nhiéu so v&i mirc 20-40 % thwong dwoc
ghi nhan tai cac d6 thi chau Au, dwoc thé hién két
qua nhw trong Hinh 6.

_.70

X 60

—

g 50

)

% 40

S30

T 20

< 10

oS

B O )
oy Viét Nam Bi Y Ha Lan
= .

<) (Hai

@. Phong)

T

Khu vwe nghién ciru/Qudc gia

B COD gidm (%) ™ P gidam (%)

Hinh 6. So @6 minh hoa tuyé&n dwong khi c6 tran mua
cwc doan két hop v6i triéu cwong.

K&t qua chirng minh rang Viét Nam c6 loi thé tw
nhién nh¢ cwong d6 UV cao, gidp tang hiéu qua
quang xuc tac. Y nghia rng dung dwoc thé hién rd
& chd tai lwong COD gidm gan 0,7 tdn/nam chi vai
mot tuyén dwong dai 2,1 km. Néu mé rong ra
nhiéu tuyén dwong ven bién, loi ich cdng dén c6
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thé dat hang chuc tdn COD va hang tram kg dinh
duéng mdi nam.

biéu nay cho thiy 16p phi quang xic tac khong
chi gép phan giam thiéu 6 nhiém ngudén nwéc ma
con giup ting kha nang chéng chiu cta do thi ven
bién trwdc cac hién twong thoi tiét cwe doan nhw
tran mwa 200 mm ngay 9/6/2024.

4. Panh gia hiéu qua va tinh kha thi ky thuat
cua lop phit quang xvic tac TiO,
4.1. Hiéu qud gidm tdi 6 nhiém va cdc yéu té chi phdi
Két qua tinh toan cho thiy 1&p phi quang xuc
tac TiO, c6 kha ning lam gidm dang ké tai lwong
cac chit 6 nhiém chinh trong nwéc mwa chdy tran
tir mat dwong do thi ven bién. Mic giam dat dworc
do6i véi COD, nito va phét pho 1an lwot xap xi 50%,
40% va 60%, trong khi cac kim loai ndng giam
khoang 20%. Hiéu qua xtr 1y van dwoc duy tri trong
kich ban mwa cuwc doan két hop triéu cwong, cho
thdy tinh 6n dinh cta gidi phap trong diéu kién
thiy van bat loi. Bén canh viéc xac nhin tiém nang
xtr ly ctia 1&p pha quang xuc tac da dwoc ghi nhan
trong cac nghién cltu trudc day, nghién ctru nay
con dé xudt mot khung danh gia dinh lwong cho
phép chuyén cac hiéu suit xir ly tir quy mo thi
nghiém sang quy moé ha ting giao thong thuc té,
thong qua viéc tich hgp mdé hinh thay hoc dong
chay tran v&i phan tich tai lwgng 6 nhiém.

So sanh v&i cac két qua thir nghiém thuc dia da
dwoc cong bo tai cadc d6 thi 6n déi cho thdy mic
giam COD va phét pho trong nghién cttru ndy nam
& ngudng cao cua pho giad tri dwgc ghi nhin. Sy
khac biét nay dwoc ly gidi cha yéu bdi diéu kién
birc xa mat troi cao va thoi gian chiéu sang kéo dai
trong khi hiu nhiét déi 4m, tao diéu kién thuén loi
cho céc phan (rng quang xuc tac dién ra lién tuc va
hiéu qua hon. Piéu nay dic biét c6 y nghia déi véi
cac do thi ven bién Viét Nam, noi cedrng do birc xa
trung binh ndm cao hon so véi nhiéu khu vye chau
Au.

Két qua phéan tich nhay cho thiy cac tham sé
lién quan dén dic tinh thay hoc, dién hinh 13 hé s6
dong chay, chi giy ra bién thién twong do6i nho doi
Vi tai lwong sau xir Iy. Ngworc lai, cac tham sd gin
v&i ban than 16p phu, bao gom dién tich phid hitu
hiéu va sw suy giam hiéu suit theo thoi gian, dong
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vai tro chi phdi ro rét. Két qua nay khang dinh rang
hiéu qua moi trweong cua lép phu quang xuc tac
phu thudc chu yéu vao chit lwong vatliéu, mic do
bao phu va diéu kién bao tri, hon 1a cac dao dong
ngin han cta diéu kién mwa - dong chay. Cach tiép
cin nay cung cidp mot cong cu phan tich c6 thé
dwoc st dung dé danh gid nhanh tiém nang gidm
tai 6 nhiém clia cAc giai phap vat liéu chirc niang
trén ha ting giao thong trong cac diéu kién khi hdu
va thiy van khac nhau.

4.2. Tinh khd thi ky thudt, dé bén va an toan khai
thdc

Dwéi goc do ki thuat giao thong, 1op phli quang
xuc tac Ti0, dwoc xem la mot 16p chirc nang bé
mat, khong tham gia vao co ché chiu lwc cia két
ciu 4o dwong. Do do, viéc ap dung 16p phi khong
lam thay doi kha ndng chiu tai cia mat dwong va
c6 thé dwoc tich hop vao cac hoat déng bao tri bé
mat dinh ky, nhw son pht hodc x Iy bé mat, ma
khong yéu cau can thiép vao két ciu do dwong hién
hiru. Cach ti€p cin nay phu hop véi diéu kién quan
1y, khai thac va bao tri dwong do thi tai Viét Nam,
noi nguon lwc cho cai tao két cdu con han ché.

Tuy nhién, hiéu qua xi ly cia 1&p pht cé xu
hwéng suy giam theo thoi gian do tic dong téng
hop ctia mai mon co hoc dwdi tai trong giao thong,
bui bin che pht bé mit hoat tinh va méi trueong
xam thwc dic thu cia khu vuce ven bién. Phan tich
nhay cho thiy sw suy giam hiéu suat theo thoi gian
c6 anh hudng dang ké dén tai lwgng sau xir ly, qua
d6é nhin manh vai tro ctia cong nghé thi cong, lwa
chon vat liéu va ché do bao tri dinh Ky trong viéc
duy tri hiéu qua lau dai cua giai phap.

Bén canh d6, viéc b6 sung 1ép phi bé mat c6 kha
nang lam thay ddi cac chi tiéu dic treng ctia bé mat
dwong, dac biét 1a dé6 nham vi mo trong diéu kién
4m wét. Mic du 1ép pha khéng anh hwdng dén két
ciu chiu lwc, cac yéu cau vé an toan khai thac, nhat
la kha nang chdng tron trwot, cin dwoc xem xét
d6ng thoi trong qua trinh trién khai thuc té. Do do,
16p phtl quang xuc tac TiO, dwoc danh gia la phu
hop nhitkhi dwgc ap dung theo hinh thikc thi diém
c6 kiém soat, két hop véi theo doi ky thuat vé do
bén bé mat va an toan giao thong, nham bao dam
cAn bang giita hiéu qua moi tredng va yéu cau khai
thac mat dwdong.
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5. Két luin

Nghién ctru nay dé xuit mot khung danh gia
dinh lwong nham phan tich kha nang ing dung lép
pht quang xuc tac TiO, trong gidm tai 6 nhiém
nwéc mua chdy tran tir ha ting giao théng do thi
ven bién, thong qua trwdng hop nghién ciru tuyén
V6 Nguyén Giap, Hai Phong. Khung tinh toan tich
hop gitra thily hoc dong chay tran va phan tich tai
lwong 6 nhiém cho phép lwong héa hiéu qua mai
trwong cda gidi phap dwéi cac kich ban mwa trung
binh nam va mwa cwc doan.

K&t qua cho thay 1&p pht TiO; c6 thé lam giam
dang ké tai lwong cac chit 6 nhiém chinh, véi mitc
gidm khoang 50% déi v&i COD, 40% doi vaéi nito,
60% doi véi phot pho va khoang 20% doi véi kim
loai ndng. Phén tich nhay cho thay hiéu qua giam
tai phu thudc cha yéu vao dién tich phu hitu hiéu
va sy suy giam hiéu suit theo thoi gian, trong khi
cac bién thién cta tham sé thiy hoc chi giy anh
hwdng han ché.

Twr goc do k§ thuat giao thong, 1ép phu TiO, ¢
thé dworc tich hop vao cac hoat dong bao tri bé mit
mat dwong ma khong anh hwdng dén két ciu chiu
lwc. Tuy nhién, cac van dé lién quan dén d6 bén mai
mon va an toan khai thac can dwgc danh gia trong
cac nghién ctru thyc nghiém tié€p theo. Khung phan
tich dwoc dé xuit c6 thé hd tro danh gia tiém nang
cua cac giai phap vat liéu thong minh trong quan
ly 6 nhiém nwéc mua chdy tran tai cac dé thi ven
bién.

Pong gop caa cac tac gia trong bai bao

Nguyén Phan Anh: dé xuit y twdng nghién
ctru, xay duwng phwong phap, thwc hién phan tich
va viét ban thao bai bao. Bui Ngoc Dung: tham gia
hé tro thu thap dir liéu, dong gép y kién va két hop
thwc hién phan tich trong qua trinh hoan thién ban
thao.

Tuyén bdé khong xung dot 1¢’i ich va cam két ban
quyén

Cac tac gid tuyén bo vé sy khéng xuat hién
nhirng xung dot tiém an tir nghién ctru nay, va cam
két bai bao chwa tirng dwgc cong bd trude day.

Chia sé dir liéu theo yéu cau

Dit liéu sé dwoc cung cip theo yéu cau.
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