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Abstract: Vertical subsurface flow-constructed wetlands (VSF CW) are evaluated in this research
as a potentially effective and cost-efficient solution for treating wastewater from Da Mai noodle
handicraft village in Bac Giang province. Due to the high pollution load in this type of wastewater,
there are concerns about clogging and the stability of the technology. In this study, we explored
different sizes of limestone and gravel for the five medium composition formulas in the VSF CW
system. The experiments were conducted over a period of three months. We used ANOVA, one-
sample T-test, and Pearson correlation analysis methods to evaluate the experimental results, with
statistical significance set at 0.05. The results showed a linear correlation between medium size,
hydraulic conductivity, and treatment efficiency (p < 0.05). Smaller medium sizes had higher
pollutant removal efficiency but lower porosity and hydraulic conductivity. For the same sizes,
limestone demonstrated higher treatment efficiency compared to gravel (p < 0.05). The Cp5 formula
(comprising sand, 1x2 cm limestone, and 3x5 cm gravel) was selected as the best filter medium for
VSF CW, achieving COD, TSS, TN, and TP removal efficiencies of 86.02 + 1.71%, 81.15 + 2.24%,
64.46 + 2.23%, and 69.76 + 2.68%, respectively. After three months of operation, the treated wastewater
consistently met QCVN 40:2011/BTNMT Column B standards, and there were no significant differences
in hydraulic conductivity (p > 0.05), indicating stable operation of the VSF CW.

Keywords: Vertical subsurface flow constructed wetland; noodle handicraft village wastewater; size
filter; media filter.
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Nghién ciru lya chon kich thudc va cap phoi vat liéu phu hop

nudc thai cua lang nghé san xuat bun banh Pa Mai, Bac Giang

YWién Khoa hoc Cong nghé Ning lwong va Méi truong, Vién Han lam Khoa hoc va Cong nghé Viét Nam,

cho hé bai loc ngam trong cdy dong chay dung dé xir ly
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Nguyén Hong Yén!, Nguyén Hong Chuyén?, Dang Dinh Kim?!
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Chinh stra ngay 18 thang 5 nam 2024; Chap nhan dang ngay 05 thang 6 nam 2024

Tém tit: Bai loc ngam trong cay dong chay dung (VSF CW) dugce danh gié s€ tro thanh giai phap
hiéu qua va tiét kiém dé xur ly nude thai lang nghe san xuét bun banh. ‘Tuy nhién, tai trong 6 nhiém
cao trong nudc thai lang nghé gdy ra méi lo ngai vé tic nghén va tinh 6 6n dinh cta cong nghé. Trong
nghién ctru nay, thiét ké vat liéu loc cia VSF CW duoc tdi uu dua trén két qua danh gia cua cac kich
thude vat ligu da voi, soi khac nhau tir ndm cong thirc céip phéi vat liéu cua hé VSF CW, cac thi
nghiém dugc van hanh trong vong 3 thang. Phuong phap phan tich ANOVA, phan tich One-Sample
T-test va tuong quan Pearson dugc sir dung cac dé danh gia cac két qua thi nghiém, voi p < 0,05 ¢o
¥ nghia thong ké. Két qua cho thiy, ¢6 su tvong quan tuyén tinh giita kich thudc vat liéu, do dan
thity luc va hiéu suat xir Iy (p < 0,05). Vat liéu c6 kich thudc nho hon ¢é hiéu qua xir Iy 6 nhidm cao
hon nhung d6 rdng va d¢ dan thuy luc thip hon. Cing kich thude, hidu suat xtr 1y cta da voi cao
hon so v&i soi (p < 0,05). Cong thirc Cp5 (gém cat, da voi 1x2 cm va soi 3x5 cm) duoc lya chon
1am cap phdi vat liéu cho VSF CW, hiéu suat xir Iy COD, TSS, TN, TP lan luot 1a 86,02+1,71; 81,15
+2,24; 64,46 + 2,23 va 69,76 + 2,68%. Sau ba thang van hanh, chét luong nudce thai sau xt 1y luén
dat QCVN 40:2011/ BTNMT c6t B va d6 dan thuy luc khong c6 su khac biét dang ké (p > 0,05) cho
thiy VSF CW van hanh 6n dinh.

Tir khéa: Bii loc ngdm trong cdy dong chay thing ding; nude thai lang nghé san xuét bun; kich
thudce vat li€u; cap phoi vat liéu.

1. Mé dau

Tai lang nghé san xuit bun banh Pa Mai,
thanh phd Bic Giang, nudc thai duge xir Iy qua
bé biogas trudc khi thai ra méi truong. Tuy
nhién, két qua khao sat thyc t& cho thiy chat
lugng nudc thai sau xir Iy van chua dat quy
chuan cho phép, tiém an nguy co gy 6 nhiém
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cao. Thach thirc 16n nhat ddi v6i nude thai lang
nghé khong chi 1a giai phap cong nghé ma con la
chi phi xtr Iy. Du cho nhling phuong phap tién
tién trong cong nghé xir Iy nudc thai ngay cang
phat trién thi cac phuong phap xir Iy nudc thai tu
nhién v&i chi phi thdp van dugc uu tién do phu
hop v6i diéu kién Viét Nam.
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Bii loc ngdm trong cdy dong chay dimg
(VSF CW) 1a mot giai phap hiéu qua vé chi phi
va than thién v6i moi truong dé xir 1y nude thai.
Cong nghé co6 hiéu suat xur ly tt cac chat hitu co
va chat dinh dudng co tai lugng 6 nhiém cao
trong nude thai [1, 2]. Tuy nhién, han ché cua
cong nghé 1a qua trinh loc theo chiéu thing dimg
dé bi tic nghén. Viéc luya chon kich thudc va cac
cap phdi vat liéu can dap ung tiéu chi phu hop
v6i sy phat trién cua cay; dam bao hiéu qua xir
1y dat quy chuan dua trén dic diém nudc thai dau
vao va dam bao kha ndng luu théng trong hé.
Mot loat cac vat liéu loc da dugc st dung trong
bai loc tréng cay (CW) nhu soi, da voi, dat, cat,
sét va cac phu pham tir cic nganh cong nghiép
(vi du: xi thép, bun phén) [3, 4]. Nhin chung, s6i
va da voi thuong dugc st dung trong cac CW
khéc nhau [5, 6]. Trong nghién ctru cua Ma va
cong su (2019), so6i (cd hat 10x20 mm) da dugc
sir dung cho CW dé xur Iy nudc thai sinh hoat [7].
D4 voi thudng dugc st dung 1am vat lidu dé loai
b6 phdt pho [8]. Ngoai ra, cat 1a vat liéu kich
thudc hat min van duge st dung rong rii trong
CW do kha nang loai bo TSS, kim loai ning va
céc chit hitu co [9-11]. Tuy nhién, lga chon vat
liéu ndo hay cach sap xép cac 16p vat liéu ra sao
con phu thudc vao dac diém nuée thai dé dam
bao do dan thay luc can thiét, tranh tic nghén.
ba c6 nghién ctru danh gia hig¢u qua xir Iy nudc
thai san xuit ban tai ho gia dinh bing VSF CW
nhung tai lvong 6 nhidm thap (TSS: 87,27 my/l;
COD: 338,61 mg/l) [12]. Pbi voi nude thai lang
nghé Pa Mai, gia tri TSS, COD cao hon
2-3 1an nghién ctru true ddy va chua co nghién
ctru nao xir Iy bang cong nghé VSF CW. P4 voi
va s6i c6 thé 1a vat liéu phd bién nhat trong thiét
ké CW nhung cac danh gia vé& anh hudng kich
thude vat lidu dén do rong, do dan thiy luc va
hiéu suat xir Iy con han ché. Pdi véi ngudn nude
thai cua lang nghé bun banh Pa Mai ¢6 gia tri
TSS, COD cao, can c6 nhitng danh gia cu thé vé
hi€u qua xur Iy va kha nang luu thong dong chay
thong qua cac danh gia vé do rong, do dan thuy
Iuc cua vat liéu loc.

Trong nghién cuu nay, cac thi nghiém da
duoc trién khai voi kich thude vat lidu da, soi
khac nhau va thir nghiém cac cong thirc sip xép

cép phdi vat lidu dé 1am rd tinh phi hop cia timg
loai vat liéu, dua ra thiét ké vat lidu toi uu nhat
cho bii loc ngdm trong cdy dong chay thing
dung (VSF CW) dé ung dung trong xir 1y nudc
thai cta lang nghé san xuét bun banh Pa Mai,
Bic Giang.

2. Poi twgng, phwong phap nghién ciru
2.1. Péi twong nghién citu

Nudc thai duoc lay tai du ra cta bé biogas
ctia lang nghé san xuit bun banh Pa Mai, Béc
Giang c6 ham luong chit hitu co, dinh dudng cao
vuot QCVN 40:2011/ BTNMT cét B (Bang 1).

Vat li€u: soi (0,5%1 cm); séi (1x2 cm); séi
(3%5 cm); da voi (0,5%1 cm); da voi (1x2 cm);
d4a voi (3x5 cm) va cat duoc rira sach dé rao nudc
trudc khi cho vao thi nghiém.

Cay say (Phragmites australis Cav.) dugc st
dung trong nghién ctru la cay trudng thanh, khde
manh, khéng bi sau bénh. Cay co chiéu dai ban
dau 15 cm, chiéu dai ré 5 cm duoc tréng trén hé
thi nghiém trong 60 ngay dé cay phét trién on
dinh, sau d6 tién hanh céc thi nghiém.

Béang 1. bac ,diém nudc thai biogas cua lang nghé
san xuat biin banh Pa Mai, Bac Giang

Chi | Pon Gid i QCVN 40:2011/
sb vi ’ BTNMT c6t B
pH - 6,2- 6,4 55-9
TSS | mg/l | 215,6 - 271,6 100
COD | mg/l | 725,8-882,4 150
TN | mg/l | 44,6-576 40
TP | mg/l | 9,4-14,3 6

Ghi chi: QCVN 40:2011/BTNMT, cot B: quy chudn

ky thuat qudc gia vé nude thai cong nghiép ap dung

cho nuéc thai cong nghiép thai vao ngudn tiép nhan
khong ding cho muc dich cap nudc sinh hoat.

2.2. Phuwong phadp nghién cuu

2.2.1. Phuong phdp bé tri thi nghiém

1) B tri thi nghiém lya chon kich thude vat liéu

Cac vat liéu dugc hop nhua kich thudc
50x30%50 cm. Cac thi nghiém véi cac vat ligu
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so1, da voi kich thudc khac nhau: TN11: sé1 kich
thudce 0,5%x1 cm; TN21: séi kich thude 1x2 cm;
TN31: so1 kich thude 3x5 cm; TN12: Pa voi kich
thudc 0,5%1 cm; TN22: da voi kich thudc 1x2
cm; TN32: da voi kich thudec 3x5 cm. Thi
nghiém duoc tién hanh theo mé, chiéu cao 16p
vat liéu 1a 0,4 m. Nudc thai dugc dua vao hé qua
ong phan phéi nudc (dng nhya PVC c6 duc 13),
sao cho nudc thai ngap hét cac 16p vat lidu (ghi
lai thé tich nuéc thai str dung). Ly mau & cac
mdc thoi gian khac nhau: 1, 2, 3, 4, 5, 6, 7 ngay,
mdi 1an 1dy 100 ml miu nudc thai phén tich sy
thay doi ham luong cua cac chi tiéu pH, TSS,
COD, nito téng sb, phot pho tong so Bo  sung
lugng nudc hao hut bang nude cat. Mdi thi
nghiém dugc lap lai 3 lan;

i) B6 tri thi nghiém lya chon cdp phdi
vat liéu

B6 tri hé thong loc véi cac cap phdi vat lidu
khac nhau trong hop nhua kich thudc 50x30x50
cm. S dung cac vét liéu chinh 1a da, soi kich c&
nhu sau: 0,5x1 cm; 1x2 cm; 3x5 cm va cat duogc
chia 1am 5 cong thure thi nghiém khac nhau:

Cap ph01 1 (cpl): Ba voi (3x5 cm) day 40 cm;

Cép phdi 2 (cp2): Lép day day 30 cm: da
(1%2 cm); Lop trén cung day 10 cm: cét;

Cép phdi 3 (cp3): Lop day day 20 cm: soi
(3%5 cm); Lop trén cung day 20 cm: da (1x2 cm);

Cép phdi 4 (cp4): Lép day day 20 cm: soi
(3x5 cm); Lop gitta day 10 cm: da véi (1x2 cm);
Lép trén cung day 10 cm: da dam (0,5%1 cm);

Cép phdi 5 (cp5): Lép day day 20 cm: soi
(3x5cm) ; Lop gitta day 10 cm: da (1X2 cm); Lop
trén cung day 10 cm: cét;

e e )

Thi nghiém dugc tién hanh theo mé, chiéu
cao 16p vat liéu 1a 0,4 m, cay sdy dugc tréng trén
16p vat liéu gdm 4 khoém, mdi khom 3 cay. Nude
thai duoc dwa vao hé qua 6ng phan phdi nuéc
(6bng nhya PVC c6 duc 15), sao cho nudc thai
ngap hét cac 16p vat liéu (ghi lai thé tich nude
thai sir dung). Lay mau & cac rnoc thot gian khac
nhau: 1,2,3,4,5, 6, 7 ngay, mdi lan lay 100 ml
mau nude thai phan tich cac thong s0 pH, TSS,
COD, ham lugng nito tong s6 va phot pho tong
s6. B sung luong nudce hao huyt bang nudc cat.
Theo doi sy phat trién cua thuc vat sau khi két thiic
thi nghiém. Mbi thi nghiém duoc 1ap lai 3 lan,

iii) BO tri thi nghiém danh gia hiéu qua xir 1y
cua VSF CW

Dua trén két qua lga chon cép phéi vat liéu,
thiét ké hé VFS CWs dé xir Iy nudc thai lang
nghé san xuat ban nhu sau: 16p day day 0,2 m la
$01 3%5 cm, 16p gitra day 10 cm la da voi 1X2 cm,
16p trén cung la cat day 10 cm (Hinh 1). B tri
dng tham nudc & dau va cudi 16p loc. Trong siy
1én cac 16p vat liéu gdbm 10 khom, mdi khom 3
cdy, chia thanh 2 hang. Nudc thai duoc dua vao
lién tuc bang bom dinh luong véi cong suat 20
1/ngay va dugc phan phéi déu qua cac 16p vat liu
theo chiéu thang dung (Hinh 1), tai trong thuy
luc (HLR) 1a 0,04 m/ngay, thoi gian luu nudc
(HRT) 14 6 ngay. Thi nghiém dugc tién hanh lién
tuc trong 3 thang, 6 ngay ldy mau 1 lan (16 lan
ldy mau) dé xac dinh cac chi tiéu thong s6 pH,
TSS, COD, Nito téng s6, Phot pho téng $6. Déng
thoi, danh gia sy khac biét cia do dan thay Iyc, hiéu
suat xtr Iy va chat luong nudc thai dau ra duge so
sanh vdi QCVN 40:2011/BTNMT, cét B.

€Ay say Ong phan phdi mréc

f)ng tham nwéce

Bom g
0,1 m (cat) | [

| ‘ Piura
\

Bé chira nwéc

thai 0,1 m (d4 voi lxlcm)I

0,2 m (s6i Sxirm)I

—F  —F %  —F

Ranh thu nwée

Hinh 1. B6 tri hé VSF CW xtr 1y nudc thai lang nghé san xudt bin banh.
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2.2.2. Phurong phdp phan tich s6 liéu

Xac dinh do rong: Cac vat liéu duoc chira
trong hop nhua kich thuéc dai x rgng x cao:
50%30x50 cm, chiéu cao 16p vt lidu 1a 0,4 m,
thé tich vét liéu V1= 0,06 m3. D4 vt liéu vao day
hép, sau do6 cho nudc vao, sao cho nudc ngap hét
phan vat liéu. Ghi lai thé tich nudc do vao (V)
cho dén khi ngép 16p vat licu.

Do rdng duogc tinh bang cong thirc:

® = V\/V1 x100% (1)

Trong d6 @ 1a d rong (%), Vyla thé tich
phan 16 rong (m®), V7 1a tong thé tich ciia khdi
vat liéu (m°).

Xéc dinh do dan thuy luc: Cong thirc xac
dinh d6 dan thity lyc duoc khai trién tir cong thirc
Darcy theo d6, d6 dan thuy luc k duoc xac dinh
nhu sau:

k = QxL/(Axh) (2

Trong d6: k 1a do dan thiy luc (m/ngay); A
la dién tich mat cat (m?); h 12 d6 chénh ap giira
hai dau 16p loc (m); Q 14 Iuu lugng dong chay qua
16p loc (m¥ngay); L 1a chidu cao ctia 16p loc (m).

Xac dinh hiéu sudt xtr ly: Hiéu sudt xir ly
duoc xac dinh theo cong thirc:

H= (Cin-Cow)/Cin x 100% (3)

Trong d6: H 13 hiéu suat (%); Cin 12 ndng do
6 nhiém dau vao; Cou 12 néng d% 6 nhiém dAu ra.

Céc phan tich thong ké vé dir liéu thir nghiém
dugc thyc hién bang Excel 365 va SPSS 20.0
danh cho Windows. Tét cé dit liéu da dugc kiém
tra vé mirc do phu hop v6i phan phdi chuan, sir
dung thir nghiém moét mau Kolmogorov-
Smirnov. Phan tich phuong sai mot chiéu tham
s6 (ANOVA), sau d6 1a bai kiém tra Tukey HSD
hau kiém da dugc su dung dé xac dinh su khac
biét vé& cac gia tri thi nghiém tai thoi diém phan
tich khac nhau. Str dung kiém dinh One-Sample
T-test nhdm muc dich so sanh trung binh nong
d6 dau ra cua nudce thai véi quy chudn cho phép
véi p < 0,05 cho théy ¢0 su khac biét.

Phén tich trong quan Pearson nham kiém tra
mdi twong quan tuyén tinh giira kich thudc vat
lidu, do din thuy lyc va hiéu sudt xir ly. Véi
p < 0,05 co thé két luan duogc 14 hai bién c6 twong
quan v6i nhau. Hé s twong quan r nim trong
khoang tir -1 dén 1 thé hién mic d6 twong quan.
Trong d6 r bang 0 (hay gan 0) c6 nghia 1a hai

bién s6 khong c6 lién hé gi v6i nhau; bang -1 hay
1 ¢c6 mot mbi lién hé tuyét ddi; r 1a am (r < 0)
tuong quan nghich va r 1a duong (r > 0) tuong
quan thuén.

2.2.3. Phuong phap phan tich

X&c dinh chét luong nudc, cac thong sb trong
nude thai dugc phan tich bang cac phuong phap
tiéu chuan APHA, AWWA va WEF 2012. pH
dugc do theo phuong phap 9040C, COD dugc
do bang phuong phip so mau kali dicromat
(phuong phap 410.1), va TSS duoc do theo
phwong phap 160.2. Tong N (TN) duoc do bing
phép so mau ban ty dong (phuong phap 351.2 va
350). Téng P (TP) duoc do bang phuong phap
4500-P.

3. Két qua va thao luin
3.1. Danh gia kich thuoc vat liéu

Bang 2. Do rong cua cac 16p vat lidu soi véi kich
thude khac nhau

Do rong | Do dan thuy
(%) | luc (m/ngay)

TN11 (s6i 0,5x1cm) | 33,2+2,4|254,83 11,2

Thi nghiém

TN21 (s6i 1x2cm) | 40,8 £4,9 | 375,23 + 154

TN31 (s6i 3x5cm) | 55,9+ 7,3 | 553,94 £22,6

TNI12 (da v6i 0,51 cm) | 30,5 +5,8 | 158,84 + 12,3

TN22 (da voi 1x2cm) | 37,1 £4,6 | 293,13 £ 14,8

TN32 (da voi 3x5 cm) | 50,3 8,8 | 472,34 + 31,5

Cac kich thudc séi dugc lua chon 1a 0,5x1
cm; 1x2 cm va 3x5 cm cé d6 rong khac nhau
(Bang 2). Tai TN11 vat liéu stir dung 1a séi kich
thude 0,5%1 ¢cm c6 kich thude nhé nhét, do r5ng
la 33,2%. Trong khi do6 kich thudc vat li€u o
TN31 16n nhat c6 d6 rdng 16n nhat 13 55,9%.
TNI1 d6 dan thuy luc xdp xi bang 254,83
m/ngay, & TN21 va TN31 lan lugt 1a 375,23
m/ngay va 553,94 m/ngay. So sanh véi két qua
tai Bang 2, & cung kich thudc vat liéu, do rong
va d6 dan thay luc cta d4 voi thip hon so véi soi.
Véi kich thuge 0,5%1 cm, do rdng tuong tmg 1a



98 N. V. Thanh et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 40, No. 2 (2024) 93-104

30,5% va do dan thiy lyc 158,84 m/ngay. O kich
thudc 16n hon 1a 1x2 cm, d6 réng 14 37,1% va do
dan thity lyc ghi nhan 293,13 m/ngay. Tai kich
thudc 1én nhat 1a 3x5 cm, d6 rong va do dan thiy
luc 16m nhat 13 50,3% va 472,34 m/ngay. Vit liéu
c6 kich thudc nho c6 do rong va do dan thuy luc
thp, didu nay c6 thé giy tic nghén sau mot thoi
gian van hanh. Nguoc lai, néu kich thudc hat qua

m S6i 0,5x1em e S6i 1x2em S 3xSem
da voi 0,5x1cm === da voi 1x2cm mm d4 voi 3xSem

800

Gia tri COD (mg/l)
[ -
s = 2
s & =

(=]

Dlu NI N2 N3 N4 N5 N6 N7

COD vao Thoi gian iy miu (ngay)

16n, d rdng cao, nude s& thoat nhanh hon. Hon
nira, hat kich thudc 16n, 16p vat li¢u s€ c6 dién
tich bé mit riéng thip, khong thuan loi cho su
phat trién ctia vi khuan va sy phat trién, lan rong
ctia & cdy. Diéu nay anh huong truc tiép dén
hiéu qua xtr Iy cia ting loai vt liéu. Két qua thi
nghiém cho théy, gia tri pH dao dong tir 6,6-7,2
dat quy chuén cho phép.

= S6i 0,5x1cm  S6i 1x2¢m E §6i 3xScm

da voi 0,5x1cm = da voi 1x2em 3 voi 3xScm
250

[
=
(=]

150

Gia tri TSS (mg/l)
[
=
=

n
=]

Piu NI N2 N3 N4 N5 N6 N7

=}

TSS vao Théi gian iy miu (ngay)

= S6i 0,5x1cm e S6i 1x2em e S6i 3xScm
da voi 0,5x1cm = @4 voi 1x2cm e 04 voi 3xScm
60
=
o
é 40
T
= 20
€]
0

Plu NI N2 N3 N4 N5 N6 N7
TN vao

Thai gian lﬁy mau (ngay)

e Soi 0,5x1cm e S6i 1x2em e S6i 3xSem
da voi 0,5x1cm == da vdi 1x2em e 13 vbi 3xSem
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Hinh 2. Hi¢u qua xur Iy nudce thai ctia cac vat li€u soi, da c6 kich thude khac nhau.
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Hiéu suit xur 1y cac chi tiéu 6 nhiém khac, ¢o
su chénh 1éch 10 rang gitra cic kich thudce vat liéu
khac nhau. Gid tri quan tric tai TN11 ludn thap
hon TN21 va TN31; TN21 thdp hon TN31 (Hinh
2). Ciing gidng nhu s6i, hiéu qua xir Iy cua d4 voi
phu thudc vao kich thudc vat ligu. Két qua thi
nghiém chi ra rang hiéu suat xir Iy TSS, COD,
TN va TP ctia dugc sap xép theo xu hudng giam
dan nhu sau: TN12 > TN22 > TN32. Ngoai ra,
vat liéu da voi cao hon mdt chiat so voi soi.
Thanh phan cua da voi la cac cac mubi cacbonat
giup tang pH dua trén phan tng trung hoa [13].
Gia tri pH dau ra ctia cac thi nghiém da voi dao
dong tu 7,1-7,8, cao hon so voi thi nghiém voi
soi (Hinh 2).

Céc thi nghiém véi da voi co do rSng nho, ti
1€ da/nudce cao thuan loi cho vi sinh vat bam dinh
va phat trién trén bé mat vat lidu. Quéa trinh
chuyén hoa chét dinh dudng bai vi sinh vat dién
ra thuén loi hon. Theo co ché loc, cac vat liéu cd
kich thudc nho giit duoc cac chit lo ling tt hon.
R& rang kich thude vat liéu nho hon ¢6 kha nang
loc cao hon va hiéu qua xir ly s€ cao hon. Tuy
nhién, vé lau dai, cac chat lo limg s& lap day cac
khoang trdng va xay ra hién tugng tic nghén néu
kha nang luu théng nude khong dam bao. Thong
thuong, thiét ké VSF CW s& phén céc 16p vat liéu
theo chiéu thang dimg va sap xép cac 16p phu
hop voi kich thudce vat liéu dé dam bao thoi gian
luru thay lue phi hop. S6i duge st dung lam chat
nén vi cung cap dién tich bé mat 16n cho cac quéa

trinh sinh héa va do dan dién cao can thiét d¢ on
dinh thoi gian luu thuy lyc ctua ving dat ngap
nuoc [13]. Trong nghién ciu cia Perdana va
cong su (2018) da st dung soi c6 duong kinh
1 cm, 4 cm va 8 cm duoc xép lan lugt tir trén
xudng dudi [14]. Mot sé nghién ctru ciing cho
rang vat liéu kich thuéc 10x20 mm phit hop lam
lop gitra cua bai loc, trong khi d6 ¢ vat liéu co
kich thudce 30 — 50 mm duoc lua chon lam 16p
day [12], & cung kich thudc nay soi ¢ wu diém
12 kha nang luu thong dong chay tot hon.

Tir két qua nghién ctru cho thiy céac vat liéu
da voi, soi ¢6 kha niang loai bo chat 6 nhiém trong
nudc thai lang nghé san xuat bun banh. C6 su
tuong quan tuyén tinh giira kich thugc vat liéu,
d6 dan thay lyc v6i hidu suat xir 1y (p <0,05,
Bang 3). Hé s6 twong quan r < 0 chimg t6 twong
quan nghich, nghia 1a kich thuéc vat liéu va do
dan thuy luc cang nho hiéu suat xr Iy cang cao
va nguoc lai. Déi voi cac loai soi, da co kich
thudc khac nhau s& pht hop dé b tri vao cac 16p
vat lidu trong bii loc trong cay. Vi thiét ké theo
chiéu thang dtmg, vt liéu c6 kich thudc 16n (3x5
cm) phu hop lam 16p vét liéu day, trong khi cac
kich thudc nho hon dugce bd tri 1am 16p gitra hodc
16p bé mit. Khong nhiéu nghién ciru sir dung
hoan toan vat liéu c6 kich thudc 16n hon 1x2 cm
lam 16p bé mat do lo ngai vé kha ning sinh
truong cua thuc vat. Piéu nay duogc kiém ching
tai cac thi nghiém cip phéi & muc sau.

Béng 3. Két qua phan tich trong quan Pearson

Bién doc Gid tri Bién phuy thudc
lap atn Hiéu sudt COD | Hiéu sudt TSS | Hiéusudt TN | Hiéu suét TP
; , Hé s6 twong quan (r) -0,905" -0,891" -0,896" -0,953™
Kich thuge D 0,013 0,017 0,016 0,003
Do din | Heé s tuong quan (r) -0,967" -0,975™ -0,971™ -0,979™
thay luc D 0,002 0,001 0,001 0,001

Ghi chti: * D¢ tin cay 95%; ** D0 tin cay 99%.

3.2. Lua chon cd’pphé’i vt liéu

Lua chon cac 16p cap ph01 phu hop cho béi
loc trong cdy dua trén hai yéu tb cu thé 1a sy phat
trién cua thuc vat va kha nang xu 1y 6 nhiém

trong nudc thai. Két qua khao sat kha nang sinh
truéng cua cay say trong trén cac cap ph01 vat
lidu cho thay co su khac biét rd rang. Ti 1¢ cay
chét & cpl cao nhét véi 55,6%. Trong khi ti 1&
nay & cp2, cp4 va cp5 chi 5,6 - 33,3% (Hinh 3).
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Thi nghiém cp1 chi toan d4 voi (3x5 cm) co thé
khong thuén lgi cho hé re. Chat nén trong bai loc
can c6 d6 chat, xop nhat dinh d¢ ré thyc vat bam

dinh. Sy khéac biét vé kha niang sinh truong cia
cdy anh huodng truc ti€p dén cac qué trinh xur Iy
cua bai loc.

S 0% 55:6%
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Hinh 3. Ti 1é cay chét sau thoi gian thi nghiém.

Két qua thi nghiém cho thay gia tri pH ¢ tat
ca cac thi nghiém luén ndm trong gidi han cho
phép trong QCVN 40:2011/BTNMT cot B. Tuy
nhién, d6i v&i cac chi tiéu COD, TSS, TN, TP ¢6
su chénh léch dang ké giita véi cac thi nghiém.
Hiéu suit xir Iy COD, TN, TP ctia cp4 va cp5 cao
hon céc thi nghiém khac va hiéu suét xir 1y tai
cpl 1a thap nhat (p < 0,05). Chat lugng nude thai
dau ra dat QCVN 40:2011/BTNMT cot B sau 6
ngay tai cp5; sau 7 ngay tai cp4; tai cac thi
nghiém con lai chua dat quy chuan sau 7 ngay
thi nghiém. Co ché loai bo cac chat 6 nhiém
trong hé bii loc tréng ciy phu thudc vao dic
diém vat liéu va su phat trién cua thuc vat. Chat
rin lo ling thong qua qua trinh ling, loc. Céac
hop chat hitu co bi phan hay trong diéu kién hiéu
khi ciing nhu ky khi boi vi khuan tai ving ré cua
thuc vat va bé mat vat liéu [1, 2]. Su phat trién
cua thuc vat dong vai tro quan trong trong loai
b6 chét dinh dudng. Chung c6 thé hap thu nito,
phét pho trong nudce thai, dong thoi sy phat trién
manh mé ciia ré thuc vat tao moi truong ly tudng
cho cac vi sinh vét trong qua trinh chuyén hoa
nito va phot pho [3, 5]. Do vay, hiéu suat loai bo
cao hon dbi v0i cac cap phéi c6 cay phat trién t6t
hon. Hiéu suit xtr ly COD, TSS, TN, TP ctia cp53
1an luot 13 86,8%; 77,8%:; 64,4% va 70,2%, cao
hon hi¢u suat xir Iy TSS, COD, TN, TP ctia cpl,
cp2, cp3 (hinh 4). Gitra cp5 va cp4 c6 su chénh
1éch khong dang ke vé hiéu suét xur 1y, tuy nhién
vé lau dai, chit nén thuan loi cho su phat trién

cua thuc vat dugc uu tién. Cét thay cho cac vat
lidu da, soi kich thude 0,5 — 1 cm do cat c6 do
xop va mem thudn tién cho viéc trong cy, phat
trién ciia ré cdy va hé vi sinh vat trong bai loc [2].

Nghién cuu trudc day voi ngudn nudce thai cd
tinh chat tuong tu cling da Kkét hop cac vat liéu
v6i ty 16 va cach sip xép khac nhau tir vat liéu
da, soi va cat [14, 15]. Mot nghién ctru khac da
sir dung cap phdi vat liéu 16p day 10 cm da to
(3 -5 cm), 16p gilta 12 em da (1 - 2 cm) va 16p
trén cung 20 cm cat dé xir Iy nude thai co ndng
d6 thap hon 2 - 3 1an so v&i nghién ctru nay [12].
Viéc sép xép cac 16p vat liéu phu thudc vao dac
diém nudc thai, dic biét 1a gia tri TSS dé dam
bao d6 din thuy luc can thiét dé tranh tic nghén.
Ti 18 sép xép do day cac 16p vat liéu tai cp5 khac
biét so voi nghién ctu trude day, 16p trén cung
1a cat mong hon, chi day 10 cm do c¢6 d6 dan thuy
luc thap. B6 sung da voi (1x2 cm) c6 tac dung
trung hoa axit va tang hi€u qua xtr ly cia hé. Vit
lidu soi kich thude 3x5 cm & 16p cubi cing dam
bao kha ning luu thong nudc, tranh tic nghén
cho hé va da co két qua thuc nghiém d6 dan thuy
luc cao hon so véi da & cung kich thudc. Nhu
vay lua chon cp5 bao gom cat, da voi 1x2 cm va
s0i 3x5 cm l1am cap phdi vat liéu cho hé bai loc
trdng cy dé dam bao thuan loi cho su phat trién
cua thuc vat, hiéu qua xt Iy va phu hop vdi dac
diém nudc thai lang nghé san xuat bun Pa Mai,
Bic Giang.
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Hinh 4. Hiéu qua xtr 1y nudc thai cua cac cap phdi vat liéu khac nhau (biéu dd cot thé hién gid tri tai thoi diém
quan trac (mg/1); bieu do duong the hi¢n hi¢u suat xur ly twong tng (%)).

3.3. Hiéu suat xir Iy mueoc thdi bang VSF CW

Trong qua trinh thuc nghiém, gia tri COD,
TSS, TN, TP trong nudc thai ddu vao cao hon
QCVN 40:2011/BTNMT c6t B tir 1,3 - 5,4 lan.
Sy thay d6i nong do cac chat 6 nhiém sau khi xtr

1y bang VSF CW 1a rd rét. Hiéu suat xtr ly COD,
TSS, TN, TP lan luot 12 86,02 + 1,71; 81,15 +
2,24; 64,46 * 2,23 va 69,76 + 2,68% tuong dong
v6i cac bao cdo trude day [12, 15]. Van d& nodi
bat bao cdo dé cap la két qua ctia ca qua trinh van
hanh trong 3 thang th nghiém. Theo d6, van
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hanh cuia hé bii loc ngdm trong cdy c6 thé dat on
dinh bang cach chon méi trudng phat trién phu
hop. Kich thuéc hat, tinh chit bé mat, do xép 16n
va khong gian 16 rong cua vat liéu loc 1a nhimng
yéu t6 quan trong trong khia canh nay [16]. Vi
viéc tang thoi gian hoat dong cua CW, cac 16
rong sé& bi 1ap ddy boi chat lo limg, didu nay ciing
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giai thich tai sao tic nghén xay ra trong CW sau
mot khoang thoi gian [17]. HE VSF CW dugc
thiét ké phan 16p nhu trong nghién ctru nay, gia
tri 40 tham co sy thay d6i khong dang ké
(p > 0,05) chirng t6 nudc luu thong tot, tranh tic
nghén (Hinh 5).
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Hinh 5. D6 dan thity luc ciia VSF CW sau 3 thang van hanh.
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Hinh 6. Hiéu qua xir 1y nudc thai lang nghé san xuét bun banh Pa Mai, Bic Giang bang VSF CW
trong 3 thang thir nghiém.

Ngoai ra, thyc vat thily sinh cling dong vai
tro quan trong trong sy duy tri sy 6n dinh cua hé
théng. Su hép thu cua thuc vat la mot trong
nhing co ché loai bo chit dinh dudng [18]. Ving
hoat dong cua ré thuc vt la tﬁng vat liéu c6 o
rOng thap, tac dung vat 1y cia ré bao gom loc,
giam tdc do dong chdy, cai thién qua trinh ling
dong, giam huyén phu va tham chi phan phdi
nudc va ngin ngira tic nghén [18, 19]. Sau 3
thang van hanh, quan sat thdy cdy sy phat trién
tbt, khong c6 hién twong ciy chét va khong bd
sung phan bon cho cy trong sudt qua trinh. Hé
VSF CW duoc thiét ké trong nghién ctru nay phu
hop dé xir 1y nudc thai sau biogas cua lang nghé
san xudt bun banh Pa Mai, chat lugng nudc thai
dau ra luén 6n dinh va dat QCVN 40:2011/
BTNMT cét B (Hinh 6).

4. Két luan

P4 voi va so6i phu hop dé lam vat lidu loc
trong hé dt ngép nudc nhan tao dong chay ngam
dung dé xtr Iy nude thai lang nghe san xudt bun
banh Pa Mai, Bic Giang. Két qua nghién ctru
cho thdy, co su tuong quan tuyén tinh nghlch
gitra kich thudc vat liéu, do dan thiry luc véi hiéu
sudt xir 1y (p < 0,05; r < 0). O cung kich thudc,
vat liéu soéi c6 do rong va do dan thuy luc cao
hon; hiéu sudt xtr Iy thap hon so v6i d4 voi. Phu
thudc vao dic diém cua vt liéu, co thé sép xép

cAp phdi vat liéu phu hop cho bii loc trong cay.
Dbi voi thiét ké bai loc trong cy dé xtr Iy nudce
thai cta lang nghé san xuét bun banh Pa Mai,
Bic Giang, 16p cap phbi vat liéu phu hop 1a 16p
day: soi (3x5 cm); 16p gitta: da voi (1x2 cm); 16p
trén cung: cat. Chat lwong nudc thai sau xur ly
bang hé dat ngap nude nhéan tao dong chay ngam
ding ludn dat QCVN 40:2011/BTNMT ¢t B, hé
théng van hanh 6n dinh véi d6 dan thay luc va
hiéu suét xir Iy khong thay doi dang ké.
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