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I. MO DAU
1. Tinh cip thiét caa luan an

Nudc thai sinh hoat gia ting nhanh chéng trén toan cau, dac
biét nudc thai xam thuong xa thang ra méi trudng, chira hop chét hitu
co, nitrate, ammonium, phosphate, kim loai nang va khang sinh, gay
nguy co pha dudng, suy thodi hé sinh thai va anh huong suc khoe
cong d@)ng (Bischel va c.s., 2015; Marcificzyk va c.s., 2022; Ozel
Duygan va c.s., 2021; Xu va c.s., 2023). Hau qua nhu mui héi, vi
sinh vat gay bénh cang nhan manh tinh cap bach cua viéc xir Iy hiéu
qua (Al-Mawla va c.s., 2023). Nudc tiéu nguoi va nudc sau bé tu
hoai 1a hai nguon nudc thai giau hop chét hitu co, nitrate, ammonium
va phosphate, véi tiém ning tai st dung nham cung cip dinh dudng
cho cay trong. Chang chira ham lwong N, P, K cao, c6 thé thay thé
phan bon hoéa hoc, tuy nhién, viéc sir dung truc tiép nudc thai nay
tiém an nhiéu rai ro moi trudng va suc khoe. Trong nudc tiéu co thé
ton tai vi sinh vat gay bénh, du lwong thubc, khang sinh, hormone, va
ham lwong mudi ciing ammonium cao, dan dén chéy 14, ngo doc ré,
va phat sinh mui hoi, d6ng thoi gia ting nguy co 6 nhiém ngudn nudc
(Kim va c.s., 2021). Do d6, viéc tai s dung can cd quy trinh xir ly
hoac pha lodng nham dam bao an toan méi trudng va sic khoe cong
ddng. Trong bi canh phan bon ngay cang khan hiém, trong khi san
Xuat phan hoa hoc vira gy thoai hoa dat vira tac dong tiéu cuc dén
moéi treong (Karmin va Siow, 2018; Osorio-Tejada va c.s., 2022).
Viéc thu hdi dinh dudng tir nudc thai tré nén can thiét. Giai phap nay
khong chi giam &p luc cho hé thdng xir 1y nuéc thai ma con tao ra
ngudn dinh dudng thay thé bén viing, gop phan phuc vu ndng nghiép
lau dai.

Gan day, nhiéu nghién ctru da tap trung vao viéc thu hoi va tai
sir dung dinh dudng tir nuéc thai. Cac cong nghé hién dai nhu trao
do6i ion hay nitrate hoa tuy hiéu qua nhung chi phi cao, trong khi
phuong phép két tua struvite lai can xir Iy trung gian phuc tap va van
t6n kém (Yetilmezsoy va c.s., 2017). Hon nira, tinh chon loc qua cao
khién cac bién phap nay kho &p dung cho nudc thai sau bé tu hoai
von c6 thanh phan phuc tap. Trong bdi canh d6, phuong phép hap



phu ndi 1én nhu mot hudng di trién vong nhd co ché don gian, chi phi
thap va kha ning sir dung vat liéu c6 dién tich bé mat 1on, thé tich 15
x6p cao dé thu hdi N, P, K (Leng va c.s., 2021). Bac biét, vat liéu hap
phu c6 thé dugc ché tao tir phu pham ndng nghiép nhu vo triu, xo
dira, 16i ngd va vo san... giup vira thu hoi dinh dudng, vira xir ly rac
thai ndng nghiép. Hiéu qua thu hdi dinh dudng cua cac loai than sinh
hoc biochar tr phu phim niy di duoc ching minh dang ké
(Collivignarelli va c.s., 2022). Nhu vay, hudng nghién ciu sir dung
phu phdm ndng nghiép lam vat liéu hap phu khong chi gép phan
giam &p lyc 6 nhiém nudéc thai ma con mang lai lgi ich kép trong
quan ly chét thai néng nghiép.

Mic du di co nhiéu nghién cau khai thac phu pham néng
nghiép phé bién nhu vo triu, vo sin dén cac vat liéu dic thu ving
mién nhu vo siu riéng dé ché tao chat hap phu thu hoi dinh dudng tir
nudc thai, ciing nhu thir nghiém tai sir dung biochar sau hap phu dé
bén dat cho cay trong (Masrura va Khan, 2022; Nguyén Phan Viét,
2023; Saliu va Oladoja, 2021). song van ton tai khoang tréng lon.
Céc nghién ctiu chu yéu ding & viéc chiing minh kha nang hap phu
ma chua lam 13 tinh ung dung thuc té cua dinh dudng di thu hoi.
Viéc dua truc tiép biochar vao dat dwa vao co ché nha cham khién
lidu lugng hap thu cua ciy khong duoc kiém soat, ddng thoi tiém an
nguy co mét vé sinh va 6 nhidm do vi sinh vat gay bénh (Kuppusamy
va c.s., 2016; Masrura va c.s., 2022), Vi vay, can c6 nghién ctu toan
dién hon, bao quat tir ché tao vat liéu hdp phu, kiém soat qua trinh
thu hoi — giai phong dinh dudng, dén tai st dung vat liu va thir
nghiém trén nhiéu loai cay trong khac nhau, nham khic phuc nhiing
han ché hién hitu va huéng téi ung dung thyc tién.

Vi tinh cap thiét trén “Nghién cizu chuyén hod nwéc thdi
thanh dinh dwéng cho cay trong trén co sé phwong phdp hdp phu
va gigi hdp sir dung than sinh hgc ché tgo tir phé pham néng
nghigp” Nghién ctru nay dugc thuc hién nham giai quyét ba ton tai
chinh: (i) chua kiém soat hiéu qua liéu luong dinh dudng duoc giai
phoéng, (ii) nguy co 6 nhiém méi trudng va lay nhiém vi sinh vat gay
bénh, va (iii) thiéu bang ching thuc nghiém vé hiéu qua tng dung
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trén nhiéu loai cdy trong. Do d6, hudng tiép can toan dién cua nghién
ctu tap trung dong thoi vao ba khia canh chinh: phét trién vat liéu
hap phu phd hop, xay dung quy trinh thu hoi va giai phong dinh
dudng c6 kiém soat, va danh gia hiéu qua tng dung trén cay trong
trong diéu kién thyc nghiém.
2. Muc tiéu nghién ciu
2.1. Muc tiéu chung

Nghién ctru danh gia kha nang hap phu, luu giir va giai hap cac
chat dinh dudng dang khoadng cua vat liéu biochar tr mot s6 dong
nudc thai sinh hoat giau dinh dudng, bao gom nudc thai nhan tao,
nude tiéu ngudi va nudc sau bé tu hoai; tir d6 dé xuat kha nang thu
héi dinh dudng va tai st dung dung dich sau giai hap 1am ngudn dinh
dudng phuc vu canh tac nong nghiép theo dinh huéng kinh té tuan
hoan va néng nghiép bén viing.
2.2. Muc tiéu cu thé

- Panh gia dic tinh co ban cua vat liéu biochar va cac nguon
nudc thai sinh hoat dwgc sir dung trong nghién ctu, tap trung vao cac
thdng so lién quan dén kha ning thu hdi dinh dudng nhu NH4*-N,
PO -P, K*, va mét s6 chi tiéu dac trung khéc.

- Xac dinh kha ning hap phu céc chat dinh dudng dang
khoang cua biochar dbi véi nudc thai nhan tao, nudc tiéu nguoi va
nuéc sau bé ty hoai; 1am rd anh huong cua mot s6 yéu té van hanh
nhu ndng d6 dau vao, thoi gian tiép xuc, lidu luong biochar va diéu
kién pH dén hiéu qua hap phu.

- Panh gia kha ning giai hip va thu hdi cac chat dinh dudng
da dugc luu giir trén biochar, nham xac dinh hiéu suat giai phéng
dinh dudng, dic tinh cua dung dich sau giai hdp va tiém ning st
dung dung dich nay nhu mét ngudn dinh dudng khoang.

- Nghién ctru kha nang tng dung dung dich dinh dudng dang
khoang thu dugc sau qua trinh giai hip trong canh tac ndng nghiép,
thong qua danh gid anh huong cua dung dich dén sinh truong cay
trong, hiéu qua st dung dinh dudng va c&c rii ro méi trudng lién quan.



- Pé xuat dinh huéng ky thuat cho mé hinh thu hoi dinh
dudng tir nudc thai sinh hoat bang biochar va tai sir dung dung dich
sau giai hap trong san xuat ndng nghiép theo huéng tuan hoan tai
nguyeén.

3. Péi twong va pham vi nghién ciru
3.1. Déi twong nghién ciru

- Mau nudc thai nhan tao, nudc tiéu ngudi, nudc sau bé tu hoai

- Phu pham ndng nghiép (I8i ngd, vo trau) dugc ché tao thanh
biochar
3.2. Pham vi nghién ciru

Nghién ctru nay duoc thuc hién ¢ quy md phong thi nghiém,
tap trung danh gia kha niang thu hoi va chuyén hoa dam tong so, lan
hitu hiéu va kali hitu hiéu tir nudc tiéu ngudi va nude thai sau bé tu
hoai thanh dang dinh dudng khoang c6 thé str dung cho cay trong
thdng qua quy trinh hap phu — giai hap, sir dung biochar dugc ché tao
tir phu pham ndng nghiép.

4.Y nghia khoa hoc va thuc tién cia luan an
A.1. Y nghia khoa hoc

Nghién ctru gop phan 1am rd kha ning hip phu — giai hip va thu
hoi céc chét dinh dudng N, P, K cta biochar ché tao tir phu phdm nong
nghiép di v6i cac dong nude thai sinh hoat giau dinh dudng nhu nuéce
tiéu ngudi va nudc sau bé ty hoai. Piém méi ciia nghién ctru 1a chuyén
trong tAm tir xir Iy 6 nhiém don thuan sang thu hoéi tai nguyén dinh
dudng, thong qua danh gia dong thoi hidu qua, co ché luu gitr va kha
ning giai phong dinh dudng cua biochar trong diéu kién nudc thai thuce
té. K&t qua nghién ctru bd sung co s& khoa hoc cho viée sir dung biochar
nhu mot vat lidu trung gian trong thu hdi dinh dudng va tai st dung
ngudn dinh dudng khoang phuc vu canh tic néng nghiép theo dinh
hudng kinh té tuan hoan va phat trién bén viing.
4.2. Y nghia thuec tién.

Nghién ctru cung cip co s& thuc nghiém cho viéc st dung
biochar ché tao tir phu phim néng nghiép dé thu hdi mot phan dinh
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dudng khoang tir nudce tiéu nguoi va nude sau bé ty hoai. Thong qua
qué trinh hap phu — giai hap, cac chat dinh dudng nhu N, P, K c6 thé
dugc chuyén vao dung dich sau chiét xudt va xem xét st dung cho
cdy trong trong diéu kién phu hop.

Két qua nghién ciru c6 thé hd trg d& xuat giai phap xir 1y va tai
st dung nudce thai sinh hoat giau dinh dudng ¢ quy mo6 nhé hodc quy
mod hd gia dinh, trang trai, khu dan cu. Cach tiép can nay gop phén
giam tai luong chat dinh dudng thai ra méi truong, tan dung phu
phém ndng nghiép dé tao vat liéu xtr ly, déng thoi cung cép thém lua
chon vé nguon dinh dudng tai str dung cho canh tic noéng nghiép.
bay 1a hudéng ung dung c6 tinh kha thi trong quan ly nudc thai sinh
hoat va sir dung tai nguyén theo huéng tuan hoan.

5. Nhirng déng gop mai caa luan an

Ludn 4n da dé xuat va kiém chang quy trinh hap phu — giai hap
& quy md phong thi nghiém s dung biochar tir phu pham néng
nghiép dé thu hoi dam téng sd, 1an hiru hiéu va kali hitu hiéu tir nuée
tiéu ngudi va nude sau bé tu hoai. Két qua nghién ciu xac dinh mo
hinh hap phu tinh trong 5 ngay voi nudc thai thuc ¢ nong do 100% la
diéu kién phu hop, cho hiéu qua thu hdi 6n dinh, dic biét d6i véi dam
tong s. Luan an chi ra biochar 16i ngd c6 kha nang hap phu dinh
dudng tét hon biochar v trau trong cung diéu kién thi nghiém. Dung
dich sau giai hap chira céc chat dinh dudng khoang c6 tiém ning sir
dung cho cdy trong, budc dau dinh hudéng wng dung trong thuy canh
va gop phan d& xuat mé hinh thu hdi, tai sir dung dinh dudng tir nuée
thai sinh hoat theo hudng ndng nghiép tuan hoan.
6. Cau truc caa luan an
1. M& dau
2. Chuong 1. Téng quan
3. Chuong 2. Déi tugng, ndi dung, phuong phap nghién cau
4. Chwong 3: Két qua va thao luan
5. Két luan



Chuong 1. TONG QUAN

1.1. Nuéc thai sinh hoat va tiém ning tai sir dung

1.1.1. Phan logi nwoc thdi sinh hogt

1.1.1.1. Giéi thigu vé nwoc thdi sinh hoat

1.1.1.2. Phan logi nuwoc thai sinh hoat

1.1.2. Céc cbng ngh¢ xur Iy nwdc thdi sinh hogt

1.1.3. Tiém nang thu hoi dwéng chat tir nwéc thai sinh hogt

1.2. Téng quan vé phu pham ndng nghiép

1.2.1. Khai nigm phu phdm ndng nghiép

1.2.2. Vat ligu hdp phu dwotc ché tgo tir phu pham nong nghiép
1.2.2.1. Vat liéu hdp phu

1.2.2.2. Vat liéu hdp phu duwoc ché tao tir phu pham ndng nghiép
1.2.2.3. Biochar

1.2.2.4. Dgc tinh cua biochar

1.2.3. Nguyén Iy, co ché ciia phwong phdp hdap phu trong xi ly
nwoc thdi

1.3. Nghién ctu sir dung phwong phap hap phu trén nwéc thai
giau nito, phétpho, kali

1.3.1. Nghién ciru si¢ dung phwong phdp hdp phu trén nwéc thdi
giau nito, phétpho, kali trén Thé Gidi

1.3.2. Nghién citu st dung phwong phdp hdp phu trén nwoc thdi
giau nito, phétpho, kali tgi Viét Nam

1.4. Nghién ciu sir dung dung dich dinh dwong thu hdi tir nwéc
thai sinh hoat giau nito, kali, phdtpho phuc vu hoat déng canh
tac ndng nghiép.

1.4.1. Nghién ciru si# dung dung dich dinh dwong thu héi tir nuwéc
thdi sinh hoat giau nito, kali, phétpho phuc vu hoat dgng canh tac
néng nghigp trén Thé Gidi.



1.4.2. Nghién ciru s dung dung dich dinh dwong thu héi tir nwéc
thdi sinh hoat giau nito, kali, phétpho phuc vu hogt déng canh tac
ndéng nghiép tai Vigt Nam

1.4.3. Han ché trong nhizng nghién cizu tng dung dinh dwing thu
héi tir nuéc thai.

1.5. Pic diém ciia cac dbi twong nghién ciru trong luan an

1.5.1. Péc diém mét sé logi rau

1.5.2. Péc diém ciia mgt sé biochar dwoc ché tgo tir phé phu pham
néng nghiép

1.5.3. Pdc diém mét sé logi chat thdi hizu co

1.6. Gia thuyét nghién ciru ciia ludn an



CHUONG 2

POI TUQNG, NOI DUNG PHUONG PHAP NGHIEN CUU
2.1. Péi twong nghién ciru
2.1.1. Nwéc thdi
2.1.1.1. Nu6e thai gia ldp
2.1.1.2. Nuéc thai thyc té
2.1.2. V4t ligu phu pham nong nghigp
2.1.3. Giéng cay trang
2.2. N9i dung nghién cau
2.2.1. Nghién citu khd ndng hdp phu ciia biochar trén nwéc thdi
gid dinh
- Nghién ciu anh huong ciia md hinh hap phy va théi gian hap phy
den hiéu qua hap phy cua biochar
- Nghién citu anh hurong cia nong dg ban dau dén kha néing hap phu
cua biochar
- Nghién CutU dnh }{u’o”ng cdg ty Ié biochar (ty I¢ vdt liégu/dung djch)
den hiéu qua thu hoi cac chat hizu co
2.2.2. Nghién citu kha nang hﬁp phu va gidi hdp cia biochar tar I6i
ngd va vé trau doi véi nuwoc tiéu ngwoi va nwoc thdi sau bé tu hogi
- Nghién cizu hinh thai, vat Iy,’vé héa hoc cua hai logi biochar 16i
ngb (TSH-LN) va biochar vo trau (TSH-VT)
- Nghién cizu khd nang hc?’p phu va gidi hdp cua biochar 16i ngd
(TSH-LN) va biochar vo trau (TSH-VT) trén nuéc thai thuc te
2.2.3. Nghién citu thir nghiém danh gid chit lwong dinh dwéng
trén cay trong
- Nghién cuzu thi nghiém trén cay rau cai meo
- Nghién cizu thir nghiém trén cay hang qué
2.3. Phwong phap nghién ciru
2.:’%.1 Phwong phdp nghién ciru n6i dung 1: Nghién cizu khd nang
hap phu ciza than sinh hoc (biochar) trén nwoc thdi gida dinh
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2.3.1.1. Nghién ciu anh ureng cia md hinh va thoi gian hap phu cua
than sinh hoc (biochar) (16i ngo, vé trau)

2.3.1.3. Ng’hién ciru anh hweng cua ty 16 vat liéu dén khd nd{lg thu
hoi cac chat hitu co cua than sinh hoc (biochar) (18i ng, vo trau)
2.3.2. Plrzu’o'ng phap nglfién ciru noi dung 2: Nghién cau kha
ndng’htip phu va gidl hap c#a than sinh hgcv(biochar) (161 ngo,
V6 trau) trén nwdc tiéu ngwoi va nwoéc sau bé tw hoai.

2.3.2.1. Nghién cuu hinh thai, v4t ly, va héa hoc cua hai logi than
siqh hoc (biochar) 18i ngd (TSH-LN) va than sinh hoc (biochar) vo
trau (TSH-VT)

2.4.2.2. Nghién citu kha nang hd’;? phu va gidi hap ciia than sinh hgc 161 ngo
(TSH-LN) va than sinh hoc vo trau (TSH-VT) trén nuoc thdi thuc té

2.3.3. Phwong phdp’ nghién ciru ndi dung 3: Nghién cuu thar
nghiém danh gia chat lwong dinh dwong trén cay trong

2.3.3.1. Nghién cuzu the nghiém trén cay rau cai meo

2.2.3.2. Nghién cuzu ther nghiép trén cay hing qué

2.5. Phwong phap xir 1y s6 ligu



CHUONG 3: KET QUA NGHIEN CUU VA THAO LUAN
3.1. Panh gia kha ning hap phu ciia biochar trén nuéc thai gia dinh
3.1.1. Nghién citu dnh hwéng cia md hinh hdp phu va théi gian
hdp phu d@én higu qua hdp phu ciia biochar
3.1.2. Nghién citu d@nh hwong cia néng dé ban diu dén khd ning
hdp phu cia biochar
3.1.3. Nghién ciru @qnh hueng caa ty 1¢ biochar (ty 1€ vt ligu/dung
dich) den higu qud thu hai cac chat hitu co
3.2. Két qua nghién ctiu kha niing hap phu va giai hap cua
biochar tir I8i ngd va vé trau ddi véi nuwéc tiéu ngudi va nwéc thai
sau bé ty hoai.

3.2.1. Két qua phan tich hinh théi, vt ly, va hoa hec cia hai logi
biochar 18i ngd (TSH-LN) va biochar vé trdu (TSH-VT)

3.2.2. Pdnh gid khd ning hdp phu va gidi hdp cia biochar 18i ngd
(TSH-LN) va biochar vé trdu (TSH-VT) trén nuwéc thai thuc té
3.2.2.1. Bdnh gid hiéu qua hap phu va gidi hdp trén meoc thai thyec té
(nuoc tiéu nguoi, nuedt sau bé tur hogi) cuia biochar 18i ngd (TSH-LN)
va biochar vé trau (TSH-VT)

Dung dich TSH-LN
129 [E]Dung dich TSH-VT 127 [[J Dung dich TSH-LN

Dung dich TSH-VT

pH trong nudre théi sau bé ty hoai sau hip phu
o

pH dung dich nuéc tidu trong qua trinh hép phy

Ngay theo dé&i Ngay theo dai

Hinh 3.13. pH ciia dung dich nwéc tiéu ngudi va nuée thai sau bé
tw hoai trong qua trinh hip phu
* Ket qua thu hoi carbon hizu co (TOC)
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Hinh 3.15. Ham lweng carbon hiru co sau hip phu ciia (a) nuéc
tiéu nguwoi va (b) nudéc thai sau bé ty hoai.
* Két qua thu hoi carbon vé co (TIC)
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1000
800 4
6004
400

200

TIC trong dung dich nude tidu sau hap phy (mgil)
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TIC trong nuéc thai sau bd ty hoai sau hép phy (mglL.

Ngay theo doi

Ngay theo dai
Hinh 3.16. Ham lugng carbon vo co sau hap phu cia (a) nwéc
ti€u nguoi va (b) nudc thai sau bé tw hoai.

* Két qua thu hoi dam téng so (TN)

o a 3 b
3 3
?4000 % Dung dich TSH-LN £400 77 bung dich TSH-AN
S Dung dich TSHAT 2 (] Dung dich TSH-VT
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500{ fid S 7
£ Lk | H i 2 % )
£ 1 2 3 4 5 £ 1 2 3 4 5

Ngay theo ddi g Ngay theo doi

Hinh 3.17. Ham lugng dam tong s6 (TN) sau pép phu cia (a)
) nuge tiéu nguoi va (b) nudce thai sau bé ty hoai.
* Keét qua thu hoi phot pho
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TP trong dung dich nuéc tiéu sau hdp phy (mg/L)
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TP trong nuéc thai sau bé ty hoai sau hip phu (mg/L)
3
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Ngay theo dai

Ngéyﬂieodﬁi
Hinh 3.18. Ham lwong photpho sau hip phu cia tir (a) nuéc tiéu
nguoi va (b) nwéc thai sau bé tw hoai.

* Két qua thu hoi kali

-~ a ) b
é. 454 77 bung dich TSH-LN E 50 Dung dich TSH-LN
£ L] Dung dich TSH-VT 2 L) Dung dich TSH-VT
2" 5
& £
F i
§ o &
2 o %
3 %4 z
g 2
2 ‘13 b
5 1 7 %
2 3 ;
o o £ i
2 104 £ 4 %
3 8 AN
2 54 2 AN
[ o AN
o 04 5 0 t
E 1 £ 1 2 3 4 5
Ngay theo doi £ Ngay theo doi

Hinh 3.19. Ham lwong kali sau hdp phu cia (a) nwéc tiéu nguoi
va (b) nwéc thai sau bé tw hoai

b. Pdnh gi& kha ndng gidi hap cia than sinh hoc (biochar) (TSH-LN) va
(TSH-VT) gom céc chi s6 sau (pH, Ec, TOC, TIC, dam tong sé (TN), kali
hiu hiéu (TK) va lan hiu hiéu (TP)) trén nudc tiéu nguoi va nuoc thdi
sau bé tu hogi

* pH va EC cua dung dich sau gidi hap
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Hinh 3.20. pH sau giai h:?'lp ciia (a) nudc tiéu nguwoi va (b) nuwde
thai sau bé tu hoai

EC dung dich gidi hép t et 5 (mSICim)

[ZZ]Dung dich TSH-LN
[ bung cich T8HvT

Ngay theo dai

Dung dich TSH-LN
167 E=pung dieh TSHVT

Ngay theo di

EC dung dich giéi ép nute théi sau bé by hogi (mS/Cm)

Hinh 3.21. EC sau giai h:?'lp ciia (a) nudc tiéu ngwoi va (b) nuéc
thai sau bé tu hoai
* Két qua giai phong carbon hizu co (TOC)

g 80

TOC dung dich gi;

Hinh 3.22. Ham lwgng carbon hiru

Dung dich TSH-LN
I

Dung dich TSH-VT

4 5

3
Ngay theo doi

TOC dung dich gidi hép nudr thai sau 58 ty hoai (mgiL)

Ngay theo doi

Dung dich TSH-LN
Dung dich TSH-VT

co sau trong dung dich dinh

dudng sau khi giai hip tir TSH hép phu (a) nuéc tiéu nguoi va
(b) nwoce thai sau bé ty hoai.
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* Két qua gidi phong carbon vé co (TIC)

a

L []Dung dich TSH-LN
22 Dung dich TSH-VT

w
]

Dung dich TSH-LN
Dung dich TSH-VT

TIC dung dich gidi h4p tir nuéc tiéu (mgrL)

1 L8

Ngay theo ddi

4 5

TIC dung dich giai hdp nwrée thai sau bé ty hoai (mg/l )
&

Ngay theo d&i

Hinh 3.23. Ham lwgng carbon vo co sau trong dung dich dinh
dwdng sau khi gidi hap tir TSH hap phu (a) nwéc tiéu ngwoi va
(b) nuée thii sau bé tu hoai.

* Két qua gidi phong dam tong sé (TN)

2
§zm [=)0ung dich TSH-VT 8 20 E=30ung dich TSH-VT b
E240 Dung dich TSH-LN - g {3 Dung dich TSH-LN
'§ 210 % »®
: g [ |
810 2 Z FEY
2150 b 7 ;//f 3
a 7 %
2120 % % ///ﬁ % g
) 90 7 %7’ é 54 é g

2 % 7 7 7 310
2 Z / % %/ Z 25
o1 A1 1A\ 9 | 7 8
: A | A | A |9 | U P,

1 2 3 4 5 8 1 3 4 5
Ngay theo doi E Ngay theo doi

Hinh 3.24. Ham lwong dam tong s6 (TN) sau trong dung dich
dinh duéng sau khi giai hap tir TSH hip phu (a) nwéc tiéu ngudi
va (b) nuéc thai sau bé ty hoai.

* Két qua gidi phong 1an hizu hiéu (TP)

TP dungcich gdihdp brnucc i mglL)

TP dung dich i rdp 1wt hii sau 28 o imgL)

Ngay thea dei Ngay theo dai

Hinh 3.25. Ham luwgng photpho sau trong dung dich dinh duéng
sau khi giai hdp tir TSH hip phu (a) nuéc tiéu ngudi va (b) nuwéc
thai sau bé ty hoai.

* Két qua giagi phong kali
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Ngay theo doi Ngay theo doi

Hinh 3.26. Ham lweng kali sau trong dung dich dinh dwéng sau
khi giai hap tir TSH hap phu (a) nwéc tiéu nguoi va (b) nuéc thai
sau bé ty hoai.
3.2.2.2. Pdnh gid anh hwong cia d¢ pH dén hiéu sudt thu hoi dam
tong so va lan hiru hiéu tir nueoc tiéu nguoi (HU) va nwéc sau bé tu

hogi (BW) bang than sinh hoc (biochar) 16i ngd (TSH-LN).
a. Danh gid dnh hwong ciia pH dén khd nang hap phu dam tong sé
va lan hzzu hiéu

9 gt -NT a 407 AT b
~0-pHT-NT o | N
gy TN g5y A pHo-NT
G) ¥-pH5-TH A
2. To 230 -pt-TH
Eqo ~4-pH802-™ 230{ -l
8 ] 4-pHe0-TH
z 2254
2! :
% =3
£204
g6 a
£ Q
2 2154
T o
ol
¢ T
2 0
051
0 T T T T T
1 2 3 4 5 1 2 3 4 5
Ngay theo ddi Ngay theo di

Hinh 3.27. Két qua thi nghiém hip phu dudng chét: (a) dam téng sd,
(b) 1an hiru hi¢u
b. Danh gi4 anh huong ctua pH dén hiéu suat hap phu dam tong sb va
1&n hitu hiéu
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Hinh 3.28. Két qua mé hinh h6éa ddng hoc: (a) md hinh PFO, (b)
md hinh PSO
c¢. Panh gid kha nang gidi hap dam tong so va lan hiru hiéu

a 250, —B-pH5-NT b
—8-pH5 - NT =y pH5 - TH —@-pHT-NT
160 —@—pH7 - NT—@—pH7 - TH 25 pHI-NT
pHO - NT 4 pH8.02 - TH ~¥-pH5-TH
140 o0 —@-PHT-TH
~4-pH8.02-TH
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S
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S
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Kha nang gidi hdp ni tor (mg/I dung dich)
s B8
A

~
=

n
S

3

Kha nang giai hap phét pho (mg/l dung dich)
2

3 3
Ngay theo doi Ngay theo déi

Hinh 3.29. Két qua thi nghiém giai hip dudng chét dbi véi (a)
damh tdng s6 va (b) 1an hiru hiéu giai hip vao nuwéc khir ion
3.2.2.3. Anh huong cia nong dé den hiéu sudt thu hoi dam tong sé va
1an hiru higu tir nedc tiéu nguoi va meéc sau bé tw hogi bang than

sinh hoc (biochar) 16i ngé (TSH-LN)
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a. Pdnh gid anh hiong cua nong dé dén kha nang hap phu
dam tong so va lan hzzu hiéu.

—B—NT-25% a 51— NT-25% b
—8—NT-50% —8—NT-50%

30{ —A—NT-75% —A—NT-75%
- TH-25% 4y TH25%

—4—TH-50%
—4—TH-75%

—&—TH-50%
—4—TH-75%

w

Kha nang hép phu ni to' (mg/g)

Kha nang hap phu phét pho (mg/g)

1 2 3 4 5 1 2 3 4 5
Ngay theo doi Ngay theo doi

Hinh 3.30. Anh hwéng ciia ndng dé dén kha ning hip phu dam
tong so va lan hiru hiéu: (a) dam tong so6, (b) 1an hiru hi¢u cia
TSH-LN ciia nwéc tiéu ngudi va nwéce sau bé ty hoai.
b. Danh gia anh hwong cua nong dg dén hiéu sudt hap phu
dam tong sé va 1an hizu hiéu
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Hinh 3.31. Két qua mé hinh h6éa ddng hoc: (a) md hinh PFO, (b)
md hinh PSO ciia hiéu suit qua trinh thu héi dwong chit & cic
nong do pha loing

& 8 8

s B

Kha nang giai hap ni to (mg/l dung dich)
- g

c. Pdanh gid kha nang gidi hap dam tong sé va 1an hizu hiéu.
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Hinh 3.32 Két qu thi nghiém glal hap dam tong s6 va 1an hiru
hi¢u, voi (a) 12 kha niing giai hip dam téng s6 va (b) 1a kha ning
giai hap lan hiru hiéu tir TSH-LN di bio hoa dinh dudng.

3.3. Két qua thir nghiém danh gia chit lwgng dinh duéng trén
cay trong
3.3.1. Pdnh gid chét lwong dung dich
3.3.1. Két qud thir nghiém trén cay rau cdi méo
3.3.1.1. Ch/ tiéu sinh truong

a

2 3 N

Lan theo déi

7 . TN =
- Tile
s X &
3 £-
- H
5 . i
2. 3 H
Lin theo déi
p
» NTAN .
: Sive e
5 %5“ INp .
E . o £
£ . £ e
'y E.
= 2
2 £ -

Lan theo d&i

Hinh 3.33. Cac chi tiéu sinh trwéng cia ciy rau cai meéo duoce
trong béi cac dung dich dinh dudéng méi.
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3.3.1.2. Chi tiéu vé gia tri dinh dwéng
Bang 3.5. Gia tri dinh dudng trong rau cai meéo dwgc canh tac
béi cac loai dung dich dinh duwdng mei

N Ham N Carbohy
Cong thirc lHam lwong V't%mm drate Pb Cd
dinh duwéng kh‘gq(r;g) nitrate (mg/100g) téng (mg/kg) | (mg/kg)
Y | (mgkg) | MY | (g/100g)
NT-LN 8.75 64.85 109.38 0.53 0.013 | 0.008
Std.Error 0.11 0.15 0.51 0.43 0.04 -
NT-LN-b 8.83 69.29 108.10 0.54 0.008 0.07
Std.Error 0.17 0.03 0.41 0.32 0.03 -
BW-LN 8.84 59.36 113.57 0.54 0.011 0.010
Std.Error 0.09 0.07 0.30 0.67 0.03 -
BW-LN-D 8.66 60.81 109.56 0.51 0.009 | 0.007
Std.Error 0.8 0.06 0.35 0.27 0.02 -
Hoagland 7.82 85.64 102.75 0.46 0.014 0.009
Std.Error 0.10 0.04 0.69 0.36 0.01 -

3.3.1.3. Ch/ tiéu vé sdan lirong
Bang 3.6. San lwgng cia cac md hinh thity canh tréng rau cai
meo sir dung dung dich dinh duéng moi

Cong thirc m'fnh“g“ﬁng;. Nang suatly | uo Gudt thuc 6
dinh Ing binh moi thuyet | (kg/1000 m?)
. cé the (g/cay) (kg/1000 m?)
dudng

VuOl | Vu02 | VuO1 Vu 02 Vu 01 Vu 02
NT-LN 86.30 | 84.72 | 2157.42 | 2118.00 | 1859.38 | 1820.83
NT-LN-b 86.77 | 85.11 | 2169.25 | 2127.75 | 1865.56 | 1826.87
BW-LN 79.86 | 78.09 | 1996.42 | 1952.17 | 1716.15 | 1656.25
BW-LN-b | 81.01 | 79.85 | 2025.24 | 1996.25 | 1741.30 | 1697.81
Hoagland 80.75 | 79.18 | 2018.67 | 1979.50 | 1723.96 | 1687.50
P 0.041 |0.043 | 0.041 0.044 0.0231 0.0185
CV (%) 364 |312 |364 3.11 4.24 4.34
LSD.05 5.59 4.69 139.81 117.09 139.28 138.34
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3.3.1.4. Chi

tieu vé tinh kinh té

Bang 3.7. Tinh kinh té cia cac mé hinh thity canh trdng rau cai
méo sir dung dung dich dinh dudng maéi

Doanh thu Chi phi (1.000 VND) .
Doanh Chi 2 Lot
Cong thic | Néang Chi . Tong | nhuan
. ~ X thu . phi .
dinh duwdng | suat phi . chi (1.000
k) | 200 | ehung [N oni | VND)
VND) dudng
NT-LN 1.840 27.601 | 11.300 | 3.500 | 14.800 | 12.801
NT-LN-b 1.846 27.693 | 11.300 | 3.500 | 14.800 | 12.893
BW-LN 1.686 25.293 | 11.300 | 2.500 | 13.300 | 11.993
BW-LN-b 1.719 25.794 | 11.300 | 2.500 | 13.300 | 12.494
Hoagland 1.705 25.585 | 11.300 | 7.700 | 19.000 | 6.585

3.3.2. Nghién ciru ther nghigp trén cay hang qué
tiéu sinh truong

3.3.2.1. Chi

£

Chibu cao trung binh (cm)

Lan theo déi

$414 trung binh (14)
o N & o
E FEEEE:
BLLGY
3

6 canh trung binh (canh)

Hinh 3.34. Cac chi tiéu sinh truwéng ciia cdy hing qué dwoc trong
béi cac dung dich dinh dudng méi.
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3.3.2.2. Chi tiéu vé gia tri dinh dwéng
Bang 3.8. Gié tri dinh dudng trong rau hing qué dwec canh tac
béi céc loai dung dich dinh dwdong méi

A Ham Ham \/_itam Carbohy Pb cd
C.Zong th~1’rc lu’q’rjg lu_r(_mg inC d_Eate (ma/k | (mg/k
dinh dudng khé nitrate | (mg/l tong

(%) | (mykg) | 00g) | (@aoog) | 9 | 9
NT-LN 11.29 61.66 | 120.33 0.48 0.010 | 0.008
Std.Error 0.12 0.10 0.52 0.03 0.003 -
NT-LN-b 11.29 62.22 | 123.68 0.46 0.008 | 0.008
Std.Error 0.15 0.09 0.47 0.04 0.002 -
BW-LN 10.73 57.53 96.81 0.43 0.008 | 0.008
Std.Error 0.10 0.12 0.35 0.03 0.002 -
BW-LN-b 10.80 57.94 96.75 0.41 0.010 | 0.013
Std.Error 0.08 0.11 0.37 0.04 0.003 -
Hoagland 11.03 120.41 | 111.40 0.43 0.011 | 0.010

3.3.2.3. Chi tiéu vé sdan lirong ] ,
Bang 3.9. San lwgng caa cac mo hinh thay canh trong hing que
sir dung dung dich dinh dwdng mei

fﬂr‘?ﬂgi”h (glcay) (kg/1000 m?) (kg/1000 m?)
Va0l [ Va02 Va0l [Vu02 |[Vaol |Vuo02

NT-LN | 21.24° | 19.33° |530.9° | 4833° |4575° | 419.4°
NT-LN-D | 2149 | 10747 | 53487 | 49350 | 4619 | 42540
BW-LN | 1556° | 146° |389° | 3649° |3341° | 310.9°
BW-LN-D | 1547° | 14.38° | 386.4° | 359.4° | 332.3° | 309.1°
Hoagland | 22.61° | 21.84° | 5653° |5459° | 4805° | 469.9°
=) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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CV (%)

6.95

5.98

6.95

5.98

4.74

5.02

LSD.os

8.33

7.18

208.25

179.53

123.59

131.33

3.3.2.4. Tinh kinh té , ‘
Bang 3.10. Tinh kinh teé cia cdc mé hinh thiy canh trong hang
qué sir dung dung dich dinh duéng méi

Doanh thu Chi phi (1.000 VND)
Céng thuc Doanh Chi Chi ) Loi nhuan
dinh Nang thu ohi phi Tong | (1.000
dudng suat (kg) | (1.000 chung dinh chi phi | VND)
VND) duong
NT-LN 438.5 24.118 | 11.300 | 3.500 | 14.800 | 9.318
NT-LN-D | 443.2 24.376 | 11.300 | 3.500 | 14.800 | 9.576
BW-LN 349.5 19.222 | 11.300 | 2.500 | 13.300 | 5.922
BW-LN-b | 320.7 17.638 | 11.300 | 2.500 | 13.300 | 4.338
Hoagland | 475.2 26.136 | 11.300 | 7.700 | 19.000 | 7.136
KET LUAN VA KIEN NGHI
1. Két luan

Két qua nghién ctru trén nude thai gia dinh cho thay biochar
tir phu pham néng nghiép c6 kha niang thu héi hiéu qua cac chét dinh
dudng (N, P, K), trong d6 hiéu suat phu thudc rd rét vao loai vat lidu
va diéu kién van hanh. Cu thé, biochar 16i ngd (TSH-LN) thé hién wu
thé trong hap phu K (60-75% sau 6-12 gio) va P (duy tri 10 mg/L),
trong khi biochar vo trau (TSH-VT) hiéu qua hon véi N trong thoi
gian dai (giam 25-30% sau 5 ngay). Mé hinh hap phu tinh cho hiéu
qua 6n dinh hon so vai hap phu dong, dac biét ddi véi TN, va ndng
d6 dAu vao 100% (N = 2371 mg/L; P = 110 mg/L; K = 215 mg/L) I
diéu kién t6i vu. Bong thoi, tang ty 16 vat liéu tir 0,05/1 18n 0,1/1 gitp
nang hiéu suat hap phu TN tir 20% Ién 35-40%, nhung c6 xu huéng
bao hoa & 0,15/1. Céc két qua nay lam rd vai tro cia cac co ché trao
doi ion, hap phu bé mat va khuéch tan noi hat, qua d6 khang dinh kha
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nang toi uru hoa didu kién dé nang cao hiéu qua thu hdi dinh dudng tir
nudc thai gia dinh.

Két qua nghién ctiu cho thdy ca hai loai biochar déu ¢ ciu
trdc x4p va giau nhém chic bé mat, tuy nhién biochar 16i ngd (TSH-
LN) thé hién wu thé vuot troi vé kha niang hap phu va tuong tac hoa
hoc. Phan tich SEM-EDS va XRD x&c nhan su hinh thanh két tua
phosphate rd rét cing su gia ting cac nguyén té dinh dudng (Mg, Ca,
K, P) trén TSH-LN. V& hiéu qua xu ly, TSH-LN dat hiéu suat loai bo
cao hon dang ké (TOC = 87%, TN = 54%, TK = 77% trong nudc
tiéu), ddng thoi hap phu dam t6i wu & pH trung tinh (10,702 mg/g) va
lan & pH kiém (3,691 mg/g). Phan tich dong hoc cho thiy dam tuan
theo md hinh PFO, trong khi 1an c¢6 xu hudéng héa hap phu ¢ diéu
kién kiém. Qua trinh giai hap thu dugc dung dich gidu dinh dudng
(ti 550 mg/L N va 265,73 mg/L P), khing dinh tiém ning tai sir
dung. Nhin chung, TSH-LN Ia vat liéu chi phi thp, hiéu qua cao cho
thu hoi va tai sir dung dinh dudng trong xtr 1y nudc thai theo hudng
kinh té tuan hoan.

Két qua cho thay dung dich NT-LN va NT-LN-D tir biochar
I6i ngd cO hiéu qua cao, v6i mat do vi sinh dat 1,13-1,19x10°
CFU/mL, khong phat hién E.coli va kim loai niang déu <0,001 mg/L.
Ham lwong P (47,50-92,99 mg/L) va K (133,24-330,64 mg/L) cao
hon 15 rét so voi Hoagland, do N thap hon (29,61-48,53 so véi 93,75
mg/L). Trén cai méo, NT-LN dat khdi luong 86,77 g/cdy va ning suat
thyuc té 1865,56 kg/1000 m?2, cao hon Hoagland (1723,96 kg/1000 m?).
Trén hing qué, NT-LN dat ning sudt 461 kg/1000 m2, tiém can
Hoagland (480,5 kg/1000 m?) nhung c6 vitamin C cao hon (120,33 so
v6i 111,40 mg/100g) va nitrate thap hon (61-62 so véi 120,41 mg/kg).
Vé kinh té, NT-LN-B cho lgi nhuan cao nhat (12,89 triéu VND/vuy cai
meo; 9,58 triéu VND/vu hing qué), vuot Hoagland (6,59 va 7,14 triéu
VND). Két qua xac nhan gia thuyét vé kha ning thu hdi va tai sir dung
dinh dudng hiéu qua tir nuéc thai bang biochar.

23



2. Kién nghi

Dya trén cac két qua dat duoc, nghién cau khing dinh
biochar tir 16i ngd (TSH-LN) la vat liéu c6 hiéu qua cao trong hap
phu va giai hap céac chat dinh dudng (N-P-K), dong thoi c6 kha ning
tai sir dung trong san xuat néng nghiép. Phét hién nay cho thay tiém
nang tng dung biochar khong chi trong xtr Iy nude thai ma con trong
xay dung mé hinh néng nghiép tuan hoan quy mé nho va trung binh.

Trén co so do6, nghién ctru dé xuat mot so dinh hudng tng
dung va kién nghi nhu sau:

Ung dung thyc tién: M6 hinh xtr 1y nudc thai két hop thu hoi
dinh dudng bang biochar c¢d thé trién khai tai cac homestay ndng
nghiép, trang trai sinh thai nham tan dung ngudn thai tai chd, tao
vong tuan hoan dinh dudng khép kin. Dong thoi, mé hinh nay cé thé
&p dung tai truong hoc nhu mét hé thdng thuc hanh ngoai khoa, gidp
hoc sinh tiép can kién thirc vé méi truong, xir Iy nudc thai va ndng
nghiép bén viing.

Kién nghi 1 (cong nghé): Toi wu hoa quy trinh san xuat
biochar tir phu pham néng nghiép (dac biét 1a 16i ngd) nham nang cao
dién tich bé mat va kha ning trao dbi ion, tir d6 cai thién hiéu suét
hap phu amoni va c4c chat dinh dudng.

Kién nghi 2 (van hanh): Xay dung va hoan thién cac diéu
kién van hanh téi wu cho qué trinh hap phu amoni, bao gém pH, nong
d6 dau vao va ty 1¢ vat liéu, nham dam bao hiéu qua xir ly 6n dinh
trong diéu kién nudc thai thuc té.

Kién nghi 3 (mé hinh ¢ng dung): Phét trién md hinh xu ly
tich hop hdp phu amoni bing biochar két hop véi céc cong nghé sinh
hoc hodc hé théng trong cdy (thuy canh, dat), huéng t6i ung dung
quy md thyc té trong ndng nghiép tuan hoan.
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