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11. Tém tat cac két qua mdéi cia luan an:

Muc tiéu cia luan an 13 nghién ctru kha nang hap phu dinh dudng tir céc loai nudc
thai gia dinh va nudc thai thuc té bang than sinh hoc (biochar) tir 18i ngd va vo trau, tir
d6 danh gia tiém niang tmg dung trong xr Iy nude thai va tai tao phan bon sinh hoc. Than
sinh hoc, mot loai vat li¢u c6 kha nang hép phu cao, dugc st dung dé thu hdi cac chat
dinh dudng quan trong nhu dam tong sé (TN), kali hiru hiéu (TK) va lan hitu hiéu (TP)
tir cac ngudn nude thai. Viéc tai sir dung cac chat dinh dudng nay khong chi gitp giam
thiéu 6 nhiém moi truong ma con thiic day viéc sir dung nudc thai nhu mot ngudn tai
nguyén trong mo hinh kinh té tudn hoan bén viing.

Khd nang hdp phu dinh dwéng tir nude thai:

Két qua nghién ctru vé kha nang hap phu cia than sinh hoc tir 16i ngd (TSH-LN)

va vo triu (TSH-VT) cho thy ca hai loai than nay déu c6 kha ning hap phu cac chat



dinh dudng trong nudc thai gia dinh, bao gdm dam tong s6 (TN), kali hitu hiéu (TK) va
1an hitu hiéu (TP). Tuy nhién, mdi loai than thé hién nhitng dic diém hip phu khac nhau,
phu thude vao cAu trac va dic tinh vat liéu cta ching.

TSH-LN thé hién hiéu suat hip phu vuot tréi so voi TSH-VT, dic biét 1a dbi véi
kali va phdt pho. Diéu nay c6 thé duoc giai thich boi ciu tric xp 16n ctia TSH-LN, gitp
tang dién tich bé mit hap phu. Ngoai ra, kha ning trao doi ion manh cua TSH-LN gitip
tang cudng kha nang hap phu cac chét dinh dudng, dic biét 12 kali va phét pho, von ¢o
tinh ion manh. TSH-LN ciing cho thay hiéu qua hip phu t6t trong cac diéu kién thay doi
cua dung dich, dac biét khi st dung véi néng do 100% nudc thai thuc va ty 1€ vat liéu
0,1/1-0,15/1. Pay 1a diéu kién t6i wu dé ting cuong kha niang thu hoéi dinh dudng tir
nuéc thai. Mic do TSH-VT c6 kha nang hap phy t6t dbi véi dam trong nudc thai gia
dinh, nhung kha ning hap phu nay thuong kéo dai hon trong cac giai doan tiép theo.
Nguyén nhan ¢ thé 1a do TSH-VT chia nhiéu nhom chtic oxy va ham luong silica cao,
cac yéu t6 nay gitip ting kha nang hap phy dam trong cac giai doan dai. Do d6, TSH-
VT c6 thé 1a lya chon tot hon khi can hép phu dam trong mdt thoi gian dai, mac du
khong dat hiéu qua bang TSH-LN d6i véi kali va phot pho

Mo hinh hip phu dong cho thay hiéu qua hip phu cao trong 4-8 gid dau. Piéu nay
chting t6 rang ca TSH-LN va TSH-VT c6 kha nang hap phu manh trong giai doan déu,
diéu nay 1a phu hop véi cac ing dung can thu hoi dinh dudng nhanh chéng tir nude thai.
Mo hinh hap phu tinh duy tri hiéu suat on dinh hon trong thoi gian dai, dic biét 1a véi
TSH-LN. Diéu nay chi ra rang TSH-LN c¢6 thé duy tri hiéu qua hap phu trong mét thoi
gian dai hon, gitp cai thién kha nang tai st dung va giam thiéu sy that thoat dinh dudng
trong cac hé théng xir Iy nudc thai.

* Thi nghiém voi nuoc tiéu nguoi va nuoc sau bé tur hoai:

Két qua nghién ctru cho théy TSH-LN dat hiéu suat vuot troi trong vi¢c hép phu
dinh dudng tir nude tiéu nguoi va nudc sau bé tu hoai, v&i muc giam TOC dat 87%, TN
giam 54-63%, TK gidm 42—-77% va TP gidm manh nho phén ung v6i Ca?* va Mg?*. Qua
trinh giai hip tir TSH-LN ciing giai phong dinh dudng nhiéu hon gin gip ddi so véi
TSH-VT, chiing té kha nang tai sit dung dinh dudng cao cuia loai than nay. Pac biét, pH
anh huong 16 rét dén hidu suat hap phy, véi pH trung tinh (pH 7) 14 diéu kién ti uu cho
hap phu dam va pH kiém (pH 9) t6t nhat cho hip phu va giai hip phdt pho. M6 hinh
dong hoc gia bac nhat (PFO) véi Rz > 0,9 d¢3 mo ta chinh x4c qua trinh hap phy, khang



dinh hiéu qua va tinh 6n dinh ctia TSH-LN trong viéc thu hdi va tai str dung dinh dudng,
g6p phan vao md hinh kinh té tuan hoan bén viing trong xir Iy nudc thai va tai tao phan
bon sinh hoc.

* Ung dung trong néng nghiép tuan hodn:

Dung dich dinh dudng hitu co tir TSH-LN hip phu nudc tiéu nguoi (NT-LN) di
dugc chimg minh c6 chit luong cao, an toan va hiéu qua trong viéc trong rau thity canh.
Céc loai rau trong bang dung dich NT-LN c6 muc sinh trudng 6n dinh, ning suat chi
thip hon dung dich Hoagland v6 co khoang 5-10%, nhung lai vuot troi hon vé ham
lwong kho, vitamin C, carbohydrate tong va c6 ham lugng nitrate thap hon, dam bao an
toan thuc pham. Pic biét, mé hinh st dung dung dich NT-LN mang lai loi thé kinh té
1 rét, v4i chi phi dinh dudng thap hon 50-60% so vé6i dung dich Hoagland, trong khi
doanh thu va san luong van tuong duong. Nguoc lai, dung dich dinh dudng tir nude sau
bé ty hoai (BW-LN) cho thay hiéu qua thap hon vé ning suat va gia tri dinh dudng, mic
du van dam bao an toan thyc pham. Nhiing két qua nay chi ra ring dung dich NT-LN
khong chi 12 mot giai phap hiéu qua va bén viing trong nong nghiép ma con cé thé tao
ra gia tri kinh té cao trong mé hinh néng nghiép tuan hoan.

Dong gop maoi cua ludn dan:

Nghién ciru da chi ra raing TSH-LN 1a vat liéu Iy tudng cho viéc hap phu va thu
hdi dinh dudng tir nude thai, dic biét dbi voi cac chat nhu dam, kali va phdt pho. Viéc
phat trién dung dich dinh dudng tir TSH-LN ting dung trong trong rau thity canh khong
chi giup gidm chi phi dinh dudng ma con tdng cuong gia tri dinh dudng va ddm bao an
toan thuc pham, dong gop déang ké vao mo hinh néng nghiép tuan hoan bén viing. Piéu
nay khong chi giup giam thiéu 6 nhiém mai truong ma con t6i wu hoa viée st dung
ngudn tai nguyén tai tao trong ndng nghiép.

Nghién ctru nay da chirng minh kha niang thu hoi dinh dudng tir nudc thai va tai sir
dung dinh dudng trong nong nghi¢p, dac biét 1a vadi than sinh hoc tur 161 ngé (TSH-LN).
Day 1a mot giai phap hiéu qua va bén vimng cho viéc xir Iy nudc thai, dong thoi cung cap
ngudn dinh dudng hiru co chit luong cao cho nong nghiép. Pidu nay giup tao ra gia tri
dinh dudng va kinh té cao, dong thoi giam thiéu phu thudc vao cac ngudn phan bén hoa
hoc dit tién va co tac dong tiéu cuc dén mai truong.

Céc két qua nay c6 thé duoc ing dung rong rii trong thuc té, mo ra trién vong cho

ndng nghi¢p tuan hoan va giup bao vé moéi truong thong qua viéce tai st dung cac nguon



tai nguyén sinh hoc trong san xuit néng san. Nhimng thanh tyu nay khong chi 1a mot
budre tién trong nghién ctru vé& xir Iy nudce thai ma con 1a co sd quan trong dé phat trién
nong nghiép bén viing trong tuong lai.
12. Cac huéng nghién ctru tiép theo:

Mo rong ting dung véi cac loai nudc thai khac: Nghién ciru kha nang hap phu dinh
dudng tur cac loai nudce thai sinh hoat, cong nghiép va ndong nghiép.

Téi wu hoa diéu kién hap phu: Nghién ctru cac yéu t6 nhu pH, nong do dung dich,
ty 1€ vat liéu dé t6i uu hoa hiéu suit hép phu.

Khao sat vat liéu thay thé: So sanh kha ning hap phu cua TSH-LN véi céc loai
than sinh hoc tir cac nguyén liéu khac nhu vo ca phé, tre, vo hat diéu.

Nghién ctu kha nang tai st dung lau dai cia TSH-LN: Danh gid hi€u qua cua
TSH-LN sau nhiéu chu ky hap phu va giai hap.

Ung dung trong quy mo cong nghiép: Thir nghiém sir dung TSH-LN trong céc hé
thdng xir Iy nudc thai quy mo 16m.

Tbi uu hoa trong mé hinh néng nghiép tuan hoan: Nghién ctru sy tuong tac giita
TSH-LN va céac yéu té mdi truong dé cai thién hiéu qua trong néng nghiép tuan hoan.

Panh gia tac dong 1au dai: Kiém tra anh huong ctia TSH-LN d6i véi sirc khoe con
ngudi va moi treong khi g dung trong nong nghiép
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11. Summary of the new findings of the thesis
The objective of this dissertation is to study the ability of biochar derived from
corncob and rice husk to adsorb nutrients from simulated and actual wastewater, thereby
evaluating its potential applications in wastewater treatment and the regeneration of bio-
fertilizers. Biochar, a high-adsorption material, is used to recover essential nutrients
such as total nitrogen (TN), effective potassium (TK), and effective phosphorus (TP)
from wastewater sources. The reuse of these nutrients not only helps reduce
environmental pollution but also promotes the use of wastewater as a resource in a
sustainable circular economy model.
Nutrient adsorption from wastewater: The study results show that both types of
biochar, TSH-LN (corncob-based) and TSH-VT (rice husk-based), have the ability to

adsorb nutrients such as total nitrogen (TN), effective potassium (TK), and effective



phosphorus (TP). However, TSH-LN shows superior adsorption efficiency, especially
for potassium and phosphorus, which can be explained by its larger porous structure,
higher surface area, and stronger ion exchange capacity. TSH-VT, on the other hand,
adsorbs nitrogen better over a longer period due to its higher oxygen group content and
silica content. The adsorption model shows high efficiency in the first 4-8 hours, and
the static adsorption model is more stable over the long term, especially for TSH-LN.

Experiments with human urine and septic tank effluent: The study demonstrates
that TSH-LN performs significantly better in adsorbing nutrients from human urine and
septic tank effluent, with 87% reduction in TOC, 54-63% reduction in TN, 42-77%
reduction in TK, and a substantial reduction in TP due to reactions with Ca** and Mg>".
The desorption process of TSH-LN releases nutrients nearly twice as much as TSH-VT,
indicating its high nutrient reuse potential. pH was found to significantly influence
adsorption efficiency, with pH 7 being optimal for nitrogen adsorption and pH 9 being
the best for phosphorus adsorption and desorption. The first-order kinetic model (PFO)
with R?> 0.9 accurately describes the adsorption process, confirming the efficiency and
stability of TSH-LN in nutrient recovery and reuse, contributing to sustainable circular
economy models in wastewater treatment and bio-fertilizer regeneration.

Application in circular agriculture: The organic nutrient solution from TSH-LN
adsorbing human urine (NT-LN) has been shown to be of high quality, safe, and
effective in hydroponic vegetable cultivation. Vegetables grown using the NT-LN
solution show stable growth, with yield only about 5-10% lower than the inorganic
Hoagland solution, but outperforming it in terms of dry matter, vitamin C, total
carbohydrates, and having lower nitrate content, ensuring food safety. The model using
NT-LN solution offers significant economic advantages, with nutrient costs being 50—
60% lower than Hoagland, while revenue and yield remain comparable. In contrast, the
nutrient solution from septic tank effluent (BW-LN) shows lower results in both yield
and nutritional value, although it still meets safety standards. These results indicate that
NT-LN solution is not only an effective and sustainable solution in agriculture but also
offers high economic value in a circular agricultural model.

New contributions of the dissertation:

The study has shown that TSH-LN is an ideal material for adsorbing and

recovering nutrients from wastewater, especially for nutrients such as nitrogen,



potassium, and phosphorus. The development of nutrient solutions from TSH-LN for
hydroponic cultivation not only reduces nutrient costs but also enhances nutrient value
and ensures food safety, making significant contributions to sustainable circular
agriculture. This approach helps reduce environmental pollution and optimizes the use
of renewable resources in agriculture. The research also demonstrates the effective
recovery and reuse of nutrients from wastewater, especially with corncob-derived
biochar (TSH-LN). This solution provides high-quality organic nutrients for agriculture,
creating nutritional and economic value while reducing reliance on expensive chemical
fertilizers with negative environmental impacts.

These findings can be widely applied in practice, contributing to the development
of circular agriculture and environmental protection through the reuse of biological
waste resources in agricultural production. These achievements represent an important
step forward in wastewater treatment research and serve as a solid foundation for the
future development of sustainable agriculture.

12. Futher research directions

Expand the application to other types of wastewater: Study the nutrient
adsorption capability from domestic, industrial, and agricultural wastewater.

Optimize adsorption conditions: Investigate factors like pH, solution
concentration, and material ratio to optimize adsorption efficiency.

Investigate alternative materials: Compare the adsorption ability of TSH-LN with
other biochars made from materials like coffee husks, bamboo, and cashew shells.

Study the long-term reuse of TSH-LN: Evaluate the performance of TSH-LN
after multiple adsorption and desorption cycles.

Industrial scale application: Test the use of TSH-LN in large-scale wastewater
treatment systems.

Optimize for circular agriculture models: Study the interaction between TSH-LN
and environmental factors to improve efficiency in circular agriculture.

Evaluate long-term impacts: Assess the effects of TSH-LN on human health and
the environment when used in agriculture.
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