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Tém tit

Chat thai tir con ngudi 1a mot trong nhitng nguyén nhan chii yéu gay 6 nhiém moi trudng dat va nudc do chia
luong 16n vi sinh vét gdy bénh, bén canh d6 no ciing chira mét luong lon chét dinh dudng dac biét 1a phét pho,
kali va cac vi chat khac, vi vay déy 1a ngudn tai nguyén can duogc tan dung. Dé dap g phu hop vdi tap quan
tai sir dung truyén thong, rat ngén thoi gian 1 phan hudng t6i tai sir dung an toan phan bon trong néng nghiép
can c6 nhitng danh gia lwa chon céc bién phap phil hgp nhdm tang cudng hiéu qua xir 1y (phan hiy chat hiru co,
tiéu diét mam bénh, ...), trén co so tan dung va phat huy tdi da cac giai phap vé sinh, tap quéan sir dung va bao
quan nha tiéu, xtr Iy va tai str dung truyén thong.

T khoa: tai st dyng an toan; chét thai ngudi; vi sinh vt gay bénh; tring giun; u hiéu khi.

STUDY ON THE CHARACTERISTICS OF HUMAN EXCRETA, ORIENTING TECHNOLOGICAL SO-
LUTIONS FOR TREATMENT AND SAFE REUSE IN AGRICULTURE

Abstract

Human excreta is one of the main causes of soil and water pollution because it contains a large amount of
pathogenic microorganisms, besides it also contains a large amount of nutrients, especially phosphorus, potas-
sium, and other micronutrients, so this is a resource that needs to be utilized. In order to meet the requirements of
traditional reuse practices, shorten the composting time towards the safe reuse for agriculture, it is necessary to
evaluate and select appropriate measures to enhance the treatment efficiency (decomposition of organic matter,
destruction of pathogens, ...), on the basis of making the most of and promoting hygienic solutions, practices of
using and preserving latrines, and treating and traditional reusing.
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1. Gioi thiéu

Chat thai tir con nguoi duge sir dung rong rii & cac nude chau A va Trung My nhu mét dang mun
hiru co dé duy tri d6 phi nhiéu cua dit & cac ving nong thon [1]. Viée tai ché loai chét thai nay gitp
khép vong lip giita nong nghiép va vé sinh va giai quyét nhiing thach thirc trong twong lai d6i voi nhu
cau phan bon trong nong nghiép ciing nhu tan thu ngudn tai nguyén tot hon. Luong phén thai ra tir 7,6
ty ngudi chtra khoang 34 triéu tan nito va 4 triéu tn phét pho con lai 13 kali, luu huynh va cac vi chat
khéc. Gia tri dinh dudng ctia chét thai nha tiéu cao, vi vy ddy la ngudn tai nguyén can dugc tan dung
[2]. Bén canh d6 chit thai cua gia stc, gia cAm va con ngudi 1a mot trong nhitng nguyén nhan chu yéu
gdy 6 nhidm méi truong dat va nude, khi thai ra méi truong néu khong dugce xir Iy s& trd thanh ngudn
mam bénh 16n, c6 thé xam nhap trd lai vao thuc phém qua cac duong truyén khac nhau nhu nudc sinh
hoat, dit, con tring va 1am anh huong t6i strc khoe cta chinh con ngudi.

*Tac gia dai dién. Dja chi e-mail: anhdh@huce.edu.vn (Anh, . H.)
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Céc bénh lién quan dén chat thai 1a cac bénh thudng gap tai Viét Nam. Trong nudc thai, nhat 13 tir
bénh vién, c6 chira nhiéu mam bénh: vi khuén, vius, Protoza, tring giun, ... C6 tdi trén 30 loai bénh
khac nhau 1ay nhiém tir chat thai, d6 1a van dé strc khoe cong ddng quan trong [3]. Mot nghién ctru
dugc Vién Sot rét — Ky sinh tring — Con tring Trung wong nam 2016 trén 6.135 hoc sinh tiéu hoc tai
105 truong cia 21 tinh thanh phd cho thay ty 1¢ nhiém giun truyén qua dét chung tai 21 tinh thanh
14 6,39%, mot sd tinh ¢ ty 1¢ cao nhu Quang Ninh 20,31%; Tra Vinh 18,08%; Ninh Binh 17,46%,
Binh Thuan 17,25%, Hung Yén 10,11%, Hai Phong 9,97%, Soc Trang 9,63% cac tinh con lai co ty
1¢ nhidm giun tir < 1% - 8,28% trong d6 thanh phé H6 Chi Minh khong co truong hop xét nghiém
duong tinh véi giun truyén qua dat [4]. Didu d6 cho thdy diéu kién kinh té va tdp quan sinh hoat co
lién quan mat thiét t6i ty 1& nay, cac tinh phia Bic va mién Trung véi thoi quen tai st dung chat thai
ngudi trong nong nghiép nhuw Quang Ninh, Ninh Binh, Binh Thuan, cic tinh dong bang Nam bd véi
thoi quen sir dung cdu tdm nhu Tra Vinh, Soc Trang déu co ty 1é nhiém giun cao.

Phén ngudi, néu khong dugc thu gom va xir Iy hop vé sinh s& gay 6 nhim ngudn nude, 6 nhiém
thyc pham, 6 nhiém moéi trudng xung quanh va gay nén nhiéu loai bénh tat, trong d6 phai ké dén bénh
tiéu chay, giun san, ngoai da, phu khoa, mit va cac bénh khac. Cac bénh giun duong rudt c6 lién quan
chdt ché vdi tap quan sinh hoat va vé sinh moi truong. Nén kinh t& nudc ta cha yéu dua vao nong
nghiép v6i tdp quan st dung phan ngudi bon lua va hoa mau, bén canh d6 y thuc vé sinh chua cao, do
chinh 1a mét trong nhiing 1y do 1am cho bénh giun san & nude ta 1a mot bénh phd bién mang tinh xa
hoi. Tai khu vuc noéng thén Viét Nam, ho gia dinh str dung nha tiéu khé thudng co nhu cau liy phan
ra khoi hé chira khi ddy, danh dong u tai goc vuon hodc dong bao va dé trong vudn nha hoic dua ra
rudng, dé tir 1-2 tudn rdi dem bon rudng, diéu nay khién cho mam bénh trong chét thai co kha nang
phat tan ra moi truong dét, nude. Mot thuc té nita 1a sb ho gia dinh st dung bép cui khong con phé
bién, rom thudng dugc ddt ngay ngoai rudng hoic duoc sir dung lam thirc an cho gia suc, luong tro
rac vao hé tiéu sau khi di tiéu thuong khong du lwong, dan dén hiéu qua tiéu diét mam bénh trong hd
1 han ché.

Céc khuyén nghi cia VIHEMA va WHO thoi gian luu giit phan can thoi gian dai hon 6 thang
hodc tur 1-2 nam thuong kho thuc hién do tip quan canh tac va thoi quen cua nguoi dan. Do tap quan
canh tac mot nam hai vu lta va mot vu tréng mau (ngd, khoai, dua chudt, ...) nén ngudi néng dan
thudng c6 nhu cau sir dung phan bon 16t tir 2 d&én 3 14n trong nam, khién cho mam bénh van con ton
tai trong dat gay nén nhitng nguy co vé strc khoé¢ d6i véi ngudi dan [5].

Theo huong dan ctia By Nong nghiép va Phat trlen nong thon thi phén u trong nha tiéu co thé dugc
coi nhu la nguon dinh dudng t6t cho cay trong néu yéu cau vé cac chi tiéu vi sinh vat dugc dam bao
theo tiéu chuén duogc quy dinh tai phu luc VIII cua Thong tu 41/2014/TT-BNNPTNT.

Nham tidng cuong kiém soat 6 nhiém mai trudng, kiém soat dich bénh, bao vé sirc khoe ctia nguoi
dan, bén canh d6, van tan thu dugc nhiing tai nguyén co ich trong chét thai, chét dinh dudng, phuc vu
néng nghiép, do d6 nghién ctru nay sé di sau vao nghién ctru, danh gia diac diém thanh phan chat thai
nha tiéu, cac bién phap dang duoc sir dung dé xur Iy chit thai nha tiéu, tir d6 danh gia hiéu qua cia
cac giai phap dang duoc dp dung, dinh hudng lya chon bién phap/nhém giai phap nham cai thién qua
trinh phan huy va tiéu diét mam bénh trong chat thai nha tiéu déng thoi rat ngan thoi gian u phit hop
v&i nhu cau va tap quan canh tac trong nong nghiép.

2. Thanh phan chit thai nha tiéu va phan bun

Phén ngudi cht yéu bao gdm cac chat hitu co chura tiéu hoa nhu cellulo, chit béo déu duoc ciu tao

tlr cac bon, cac bon hitu co thuong dugc chia thanh 3 loai la hydrat cac bon phan hity nhanh (dudng

hay tinh bot); hydrat cac bon phan hity trung binh (Cellulose hay Hemicellulose) va cac chat hitu co
kho phan huy khac. Phan cta nguoi trudng thanh c6 chira ham lugng nudce tir 63% - 86% va trung
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binh 13 75% tuy thudc vao ché do dinh dudng va luong chat xo dua vao co thé. Trong 25% khéi luong
ran con lai trong phan gdm chu yéu 1a chét hitu co (chiém 84% - 93%), phan ran hitu co nay bao gom:
sinh khdi ctia vi sinh vat (25% - 54%), protein hodc hop chit chtra ni to (2% - 25%), cic bon hydrat
hodc thirc an chua dugc tiéu hoa (25%), lipit chua duoc tiéu hoa (2% - 15%) [6], céc ty 1€ nay s€ thay
d6i phu thudc rat nhidu vao ché do dinh dudng va dic tinh sinh hoc sin c6 cua thirc dn dua vao. Vi
thé, lugng cac bon trong phan chiém tir 44% - 55% tinh theo trong luong khé, va chét hiru co bay hoi
chiém 92% trong lwong kho, lugng ni to trong phan chiém khoang 5-7% [7].
a. Luong chat ran

Mot nghién ctru tai Thai Lan cho thdy lugng phan va nudc tiéu cia mot ngudi thai ra trong mot
ngay 1a tir 730 — 1.530g/ng.ngdy, tinh theo TS 1a 50 — 87 g/ng.ngay [8]. Mot sb két qua nghién ctru vé
ham lugng TS va lugng phén thai nguoi tai mot sb nude trén thé gidi duoc mo ta trong Bang 1.

Bang 1. Lugng phan va nudc tiéu phat sinh (g/ng.ngay) [9]

Dja diém Nude tiéu Phéan Hdn hop phan va nude tiéu TS
Pan Mach - - 1.700 59-81
Thuy Dién 800-1.500 140 27-68
Chau Au va Bic My 1.000-1.300 100-200 1.350 -
Céc nudc phat trién 500 - 600 132- 136 - 60-80
Nhat va Trung Qudc - 116-200 - -
Trung Qudc 1.600 315 - -
Viét Nam 820-1.200 130-140 990-1.333 43-93
Théi Lan 500-1.200 120-400 730-1.530 50-87
Nuéc dang phat trién ~ 1.000-1.300 130-520 1.450-1.550 -

Cha thich: (-) khong c6 thong tin.

b. Céc hop chat hitu co

Chét hiru co trong phan rat da dang phu thudc vao do tudi, ché d6 dinh dudng va cac yéu tb xa
hoi khac. Luong chét chét hitu co trong phan duoc danh gia théng qua mot sd céc chi tiéu dic trung
nhu: luong chét rn bay hoi (VS), BOD, COD. Lugng chét rin bay hoi (VS) c6 gia tri tir 24,8 — 44,5
g/ng.ngdy. Luong TS nam trong khoang tir 20 &én 30 g/ng.ngd, gié tri trung binh thuong duoc st dung
dé thiét ké 1a 25 g/ng.ngay [7]. Nghién ctru ctia Hong Anh va cong su d6i v6i chit thai nha tiéu kho
Viét Nam ciing cho thay TS nam trong khoang tir 30 — 40% tuy thudc loai nha tiéu tach hay khong
tach nude tiéu, ty 1&¢ VS/TS cta chét thai nha tiéu kho tai khu vuc df”)ng b::ing Bic bo Xép xi 60% [10].
c. NP,Kvas

Luong nito trong phan dugc thdng nhét boi hai nghién ctru, thuc hién béi Co quan bao vé moi
truong Thuy Dién va Vinneras 1a 1,5 g/ng.ngdy [7]. Luong nito amon trong hdn hop phan va nudc
tiéu co gia tri 14 0,66 g/ng.ngay va cé khoang 0,5 g/ng.ngay 1a do nudc tiéu 1an vao. Phdt pho trong
phan ton tai chu yéu dudi dang cac hat nho canxi phét phat.

Luong luu huynh trong phan dugc xac dinh boi Andersson va Jenssen [7] dua trén viéc phén tich
28 mau, c6 gia tri 1a 0,21 g/ng.ngay. Su chuyén héa cia luu huynh thuong dién ra ty 1¢ véi nito.
Khoang 20% nito trong phan ton tai & dang nito amon va ty 1¢ giita luu huynh hoa tan trén luu huynh
tong s6 ciing c6 gié tri twong tu.
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d. Kim loai ndng

Rét kho xéac dinh chinh xac ham lugng cac kim loai ning trong phan. Nghién ctru ctia Butkovskyi
va cs., chét thai tir nha tiéu kho, chira lugng 16n cac chét dinh dudng va ham Iwgng nhé cac kim loai
ning va hoa chét dugc pham [11]. Tong hop két qua nghién ciru ctia Co quan bao vé méi truong Thuy
Dién; Vinneras va cs.; Anderson & Jenssen va Weglin & Vinneras dd dua ra gia tri vé ham lugng mot
s6 kim loai trong phén va duoc thé hién & Bang 2 [7].

Bang 2. Thanh phan kim loai ning trong phan ngudi [7, 11] (don vi: g/ng.ngay)

M6 hinh UR- WARE - M5 hinh Geber — s = L Butkovskyi
Thanh  Sé Thuy Dién Thuy Pién M hinh Nglrnen OR- Gia tl:l va cs.
hin  miu o - Ekoporten e WARE  Tung binh
p Phi Phan + gidy Phan + gidy - Thuy Dién ¢ Thailand de xuat mg/kg
an L .
vé sinh vé sinh n=2,(SD)
Pb 34 0,038 0,040 0,037 1.200 (0,07-0,14)*10 0,02 0,02
Cd 35 0,01 0,01 0,016 0,015 0,003*1073 0,01 0,010
Hg 36 0,009 0,009 0,009 <0,0068 0,01%¥1073 0,063 0,009
Cu 37 1,00 1,10 1,74 2,9 0,0015 1,1 1,10 21 (1,0)
Cr 38 0,124 0,13 0,135 0,15 0,02 0,02
Ni 39 0,188 0,19 0,226 0,19 0,0003 0,074 0,07 3,2(0,05)
Zn 40 10,7 10,7 46,4 13 0,009-0,016 11 10,68 230 (10)

e. Visinh vat gdy bénh dic trung

- Vi khuan:

Phan clia ngudi khoe manh ciing chira rat nhiéu vi khuan, ké ca cac vi khuan gay bénh. Cac vi
khuan nay thuong dugc dao thai vao moi truong thong qua con dudng bai tiét, va sau d6 lay lan vao
cac nguén nudc hodc cac moi truong sinh séng thuén loi khac nhu cac bai rac hoac thuc phélm bi 1én
men. Tiéu chay 1a triéu chtng phd bién nhit ciia cac bénh nhiém tring dudng rudt do vi khuan gay ra.

Escherichia Coli (E.coli): 1a truc khuan séng thudng xuyén trong rudt ngudi va dong vit, trong
1 gam phan nguoi c6 thé chira tir 103 dén 10'° t& bao E.coli [10, 12]. E.coli chiém t6i 80% vi khuén
hiéu khi séng & rudt, binh thuong ching khoéng gay bénh, khi co thé suy yéu mot sé chung c6 kha
nang gay bénh [11].

Streptococci: thude nhom cau khuan, Gram duong kich thude khoang 1 pm, chiing thuong c6 mit
& trong rudt ngudi va dong vat mau néng, Enterococci thugc nhém lién cau phan (Fecal Streptococci)
12 1oai vi khuan thuong duoc dung dé 1am vi khuén chi thi sy nhiém phan, mat d6 cia nhém nay trong
phan nguoi trong khoang tir 10° — 10° té bao/g phan [12].

Salmonella: 14 loai vi khuan gdy bénh thuong han typhos va paratyphos véi mat do té bao trong 1
gam phén ngudi mang bénh khoang tir 10* - 10'!. Salmonella khong sinh san & méi trudng bén ngoai
nhung c6 thé bao ton trong nudc song trong 6 thang, trong nudc giéng khoi trong 4 thang, trong phan
duogc luu gii sau 10 thang (¢ diéu kién nhiét doi) [12].

- Vi sinh vét chi thi trong phan:

E. coli: 12 loai duy nhét c6 ngudn gdc chinh xé4c tir phan ngudi va dong vt mau nong, cé thé duoc
tim thdy ¢ trong moi truong tu nhién trong dat va nude bi nhiém phan. Trong phin ngudi va dong vat
mau néng thi E. coli chiém téi hon 90% Coli tong s6 [7].

Coli chiu nhiét: 14 vi khuan Gram 4m hinh que c6 chiéu dai tir 2-5 pm va duong kinh 0,4 pm.

Giun, san: SO lugng trimg giun, san trong mot gam phan ngudi thudng vao khoang 100 dén 10,000
trimg [13]. Trimg giun thudng ton tai trong moi trudng dat hodc nudce, con cac loai trimg va u tring
san thi thuong duoc tim thdy trong mot sd vét chu trung gian nhu mot sd loai thuy sinh vat (cua, ca,
¢ hodc rau trong trong nudc ban). Thoi gian ton tai ctia ching thuong tir vai thang dén 1 nam, tuy
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nhién s6 lugng trimg giun bi giam di kha nhiéu khi phoi nhiém véi cac yéu té méi truong nhu mit
troi, nhiét do, pH, v.v...

3. Mt s6 bi¢n phép xir Iy chét thai nha tiéu

3.1. U hiéu khi

U hiéu khi 1a qua trinh @ phdi tron phan bun véi cac vat liéu don khac nhau, trong dbng 1 s& dién
ra qua trinh phan huy chat hitu co dudi sy ¢ mit ctia vi sinh vét trong diéu kién hiéu khi dugc kiém
soat, san pham cudi cung ctia qua trinh @ 14 chat hitu co da duoc 6n dinh va c6 kha ning cai tao dat
trong do c6 chira cac chat dinh dudng nhur mot loai phan bon hitu co gidi phong cham. Trong qué trinh
1 hiéu khi, cac vi sinh vat phan huy cac hop chat hiru co bao gdm hydratcacbon, duong, protein, chat
béo, chét xo (hemicellulose, cellulose) va lignin. Péng ¢ hiéu khi c6 thé dugc thuc hién dudi 2 hinh
thire 1a ddng u kin va déng 1 ho. Viée cap khi cho déng u c6 thé dugc thuc hién dudi 2 hinh thiec:
cip khi cudng birc bang may cap khi vao hé thdng éng duc 15 bén trong déng u (thudng thuc hién
v6i dbng 1 kin), cAp khi tw nhién nhd dao tron (thuong thuc hién véi déng G ha). Viée  hiéu khi voi
ddng @ ho c6 chi phi dau tr va van hanh thip nhung doi hoi dién tich 16n. Trong dong 1 hd, nguoi ta
chat phan bun va cac cac vat liéu u khac thanh déng va vat liéu 1 s& dugc phan huy trong diéu kién
hiéu khi.

Theo Savage thi viéc két hop giira dao tron thuong xuyén va b sung chat don nhu min cua (cung
cép ngudn cacbon va do thoang khi cho déng 1) s& lam giam nhanh chong vi sinh vat gay bénh t6i 7log
trong vong 14 ngay [14]. Bén canh d6 bo sung ngudn vi sinh vat phit hop cho ddng i compost ciing
c6 thé 1a giai phap tiém ning dé thuc dy qua trinh phan huy va tiéu diét mam bénh dién ra hiéu qua.

Nghién ctru ctia Klingel cho thay nhiét 6 trong dong 1 hiéu khi (composting) c6 thé 1én téi 60 —
70 °C, nhd d6 vi sinh vat gdy bénh s& duoc tiéu diét. Sau khoang 30 ngay nhiét do s& giam xudng t6i
50 °C. Trong sudt qua trinh 6n dinh sau d6 nhiét d s& duy tri trong khoang 40 °C, va két thuc qua
trinh 0, nhiét d6 déng u s& giam xudng nhiét d6 moi trudng [14]. San pham sau 1 co thé st dung 1a
chit cai tao dét trong tot, giam nhu cau phén hitu co va giam chi phi mua phéan bon.

Nghién ctru ciia Nguyén Thu Huyén, phdi tron trong diéu kién hiéu khi rac thai sinh hoat hitu co
vGi phéan bun tir bé ty hoai cho thiy, v6i ty 16 phdi tron chit thai rin/phan bun 1a 4:1 (theo thé tich)
hiéu qua phan huy chat hitu co bay hoi (TVS) dat 70% sau 21 ngay 1, déng @ dugc duy tri nhiét do
trén 60 °C trong 6 ngay (ngay thir 5 &én ngay thir 11) va dat gia tri cuc dai xap xi 70 °C ¢ ngay thir
10, diéu nay dam bao cho viéc tiéu diét vi khudn, tuy nhién nghién ciru khong dua ra sb liéu vé vi sinh
vat gay bénh trong vat li€u sau u [15].

3.2. Uky khi

Cong trinh tiéu biéu cua phuong phéap 1 ky khi: nha tiéu kho dao chim (VIP), nha tiéu 2 ngan sir
dung luan phién (DVCL), hao luu giit bun, ... Nha tiéu kho dao chim (VIP) 14 cong trinh u ky khi chat
thai nha tiéu don gian nhat. DVCL véi hai ngan sir dung luan phién trong d6 mot ngan sir dung va
1 ngdn & phén, sau 6 thang 0 hau hét mam bénh (tring giun Asscaris, Sal. Typhymurium) bi tiéu diét
[16]. Hao luu giit bun c¢6 chire nang luu giit va xir 1y bun, loai cong trinh nay da dugc ap dung dé xur
ly bun tir mang ludi thoat nude tr nhitng nam 1980 va 4p dung ¢ Durban, Nam Phi. Nghién ctru cua
Still cho thdy, sau 1 nim cay trdng trén hao luu giit bun ting trudng gap 3 1an va chat thai sau 2,8 nim
dugc luu giit trong duong hio c6 trimg giun giam xudng con 0,1% so véi ban dau (cha yéu 1a cac au
trung kém phat trién hodc khong di dong) [17]. Xir Iy cht thai nha tiéu bang DVCL c6 vu diém chat
thai sau xir Iy da toi x6p, mam bénh dugc tiéu diét sau thoi gian  trong diéu kién nguoi sir dung thuce
hién quy trinh van hanh tét. Viéc ap dung hao luu giit bun hay VIP chi pht hop v6i nhirng noi ¢6 dién
tich 16n va c6 myc nudc ngam thap.
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3.3. Lén men ky khi

Lén men ky khi cho phép chuyén hoa chét hitu co trong phan bun thanh khi biogas v6i thanh phan
chu yéu 13 khi metan va cacbonic, phan bun sau xur 1y c6 thé str dung v6i muc dich cai tao dat. Cong
nghé xtr 1y ky khi ciing dwoc phét trién va ap dung dé xtr 1y chét thai chin nudi ciing voi phan bin
[18]. Tuy nhién viéc van hanh cong trinh nay doi hoi chi phi cao va cong nhan van hanh co6 k¥ thuat.
Nghién ctru ciia Livia cho thdy xir 1y ky khi bun bé tu hoai trong diéu kién 1én men nong di khién
cho trimg giun giam 5log sau 6 gio trong diéu kién bé xur 1y dat nhiét d6 50 °C [19]. Khi @ ky khi rac
thai hitu co cho thay sau qua trinh & 20 ngay, hiéu qua phan huy chat hitu co tinh theo VS giam 45%
- 48%, nhiét d6 déng u hau nhu khong thay d6i so véi nhiét d6 moi truong trong khoang tir 35 — 37
°C[14].

3.4. Sdy - Dot — Lam kho

D6t 12 hinh thirc xr Iy phan bun & nhiét do 850° — 900°, phuong phap nay khong tan dung dé thu
hdi tai nguyén. Bun trude khi xir Iy bang phuong phap nay can dugc tach nude. Nhuge diém chinh
cua k¥ thuat nay la gia thanh cao va doi hdéi k¥ thuat quan ly, van hanh bao dudng phirc tap, chi phi
cho cong nghé nay khoang 55 — 75 bang Anh/tan TS [19]. K§ thuat 1am kho phan bun nho ning luong
mit trdi dd dugce ap dung & quy mo 16n tir thé ky 19 & chau Au va My, tuy nhién tia UV bi chan lai boi
16p phit bé mit hd chira bun khién cho hiéu qua tiéu diét mam bénh rat thip dac biét 1 faecal coliform
(rét nhay cam vdi tia UV) [20]. Xir Iy phan bun trong diéu kién ky khi ¢ nhiét d6 50 °C, trimg giun
diia bi bat hoat sau 6 gio, két qué nay khoéng phy thude pH, diéu quan trong la phai tao dugc nhiét do
6n dinh va kiém soat trong sudt qua trinh van hanh [19].

3.5. Mot s6 bién phdp tang cwong tiéu diét mam bénh trong phdn bin

- Nang pH:

U ky khi chét thai nha tiéu kho khong va cé tach nude tiéu dong thoi bd sung canxi hydroxit nang
pH t6i 12, E.coli giam 9,3log dat & mirc dudi 103 sau 10,6 gid; md hinh nha tiéu khong tach nudc tiéu
va khong bod sung voi, hi€u qua tiéu di¢t mam bénh theo E.coli dién ra cham, sau 10,6 gio chi giam
duoc 1log. B6 sung voi vao chat thai nha tiéu kho véi ty 16 tir 1% — 11% theo khi luong tuong duong
v6i pH sau khi bo sung voi trong khoang tir 9,4 — 11,6, két qua cho thay hon 99% trimg giun bj tiéu
diét sau thoi gian u tir 105 dén 117 ngay va c6 tdi 97% trimg giun bi bat hoat sau 88 ngay U tuy nhién
trong thoi gian 0 phan can dugc ddo tron déu va thuong xuyén dé c6 thé tiép xac déu voi voi, tro va
dat dugc pH can thiét tir 9,4 — 11,6 [21]. U hiéu khi chét thai tir nha tiéu 1 ngan tach va khong tach
nudc tiéu c6 bd sung voi véi ty 1& 10% theo khdi lugng, sau 111 ngay & luong trimg giun con lai trong
d6ng 0 dat tiéu chuan theo huéng dan cia WHO [22].

V6i didu kién pH 12,7, nhiét d6 45 °C v6i d6 4m lan luot 1a 10%, 80% thi tit ca cac loai trimg
giun sé& bi tiéu diét hoan toan sau thoi gian lan luot 1a 19 va 60 ngay. O diéu kién 22 °C, d6 4m 80%,
pH > 12 phai sau 9 dén 11 thang trimg giun mai bi tiéu diét hoan toan. O diéu kién nhiét d6 1a 70 °C
va do am 80%, 100% trimg giun bi tiéu diét sau 120 phit [23].

Piéu d6 cho théy céc diéu kién anh hudng t6i su séng soOt cua trirng giun la nhiét 9, do am va pH
ctia moi truong, néu két hop cac diéu kién nay dong thoi co thé giam thoi gian  can thiét. Yéu t6 bat
hoat chinh d6i v6i vi khudn gy bénh va trimg giun dugc tim ra tir thi nghiém 13 d6 4m thap, amoniac
(46 pH), 1t ky khi chét thai nha tiéu kho véi tro dong thoi bo sung ure (0,5%) c6 thé tidu diét 7log
vi khuan gy bénh trong vong tir 83 — 183 ngay, dong thoi 1am giam kha ning séng cua trimg giun
(Ascaris) [24]. O nhiét do cao hon, su bat hoat cta trimg giun diia nhanh hon v6i nong d6 amoniac
can thiét thdp hon, voi ndng d6 amoniac 60 mM va diéu kién 28 °C sau 1 thang trimg giun da bj bat
hoat [25]. St dung nudc tiéu dé thay thé amoniac nhdm tang cuong hiéu qua tiéu dict mam bénh trong
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nha tiéu UDDTs, phuong an nay dat hiéu qua tiéu diét mam bénh t6t ma khong can st dung urea tong
hop. Pbng i compost v6i phan lgn va rom c6 bd sung 2% urea (theo khéi lugng) trong thoi gian 45
ngdy, sau 2 tudn u luong E.coli trong mau phan U giam tir 104 xudng dudi 5 (CFU/g) [26].

- Canbh tranh sinh hoc:

Eastman di tién hanh thi nghiém danh gia sy tiéu diét vi sinh vat gay bénh trong bun cbng thoat
nuéce bang phuong phap 1 hiéu khi voi giun dat va phuong phap u thong thuong, két qua cho thiy
sau 6 ngay 1 hiéu khi cting v6i giun dat 1am E.coli giam 6,4log con mé hinh 1 thong thudng Ecoli chi
giam 1,6log [27].

Viéc 0 phan bang k¥ thuét vermi compostlng (a cung v6i giun dét) 1a giai phap thay thé cho viéc
u théng thuorng va da dugc chimg minh bang viéc chat thai sau 1 c6 dic tinh tét hon so véi o thong
thudng va chét dinh dudng khong bi tiéu hao trong qua trinh @ va ¢ tic dung cai tao dat tot. U hiéu
khi phan bun véi giun dat, két qua cho thiy VS cua vat liéu u giam tir 85% xubng 65% — 73%, vat
liéu sau & van chira lugng 16n chat min hitu co. Thi nghiém @ phan bun bé ti hoai cung véi giun dat
cho thay, c6 sy suy giam luong trimg giun sau 60 ngay u phan bun bé tu hoai véi glun dat, mat do
E.coli, trung giun va Salmonella dap tng quy chudn theo huéng dan cia WHO [28] Pbi VO’l nhiing
noi c6 diéu kién nhiét d6 thap thi viéc 4p dung k¥ thuat nay s& han ché do giun dit khong sdng duoc,
tuy nhién néu 4p dung & nhitng nude nhiét doi thi day 1a mot k¥ thuét c6 tiém ning dé xu Iy phan bun.

Ruoi linh den (Black Soldier) 14 loai rudi ¢6 ngudn gdc & My, nhung thuong thiy ¢ noi ¢ khi
héu 6n d6i 4m ap. Au tring ru6i an cac chat hitu co dang trong qua trinh phan ra nhu rau, ci qua hoéc
phan chudng [18]. Au trung rudi linh den phat trién t6t trong moi truong chico phan bun, ngoal ra néu
tron phan bun véi rac thai sinh hoat toc do tiéu thu ctia 4u triung rudi con cao hon rat nhidu. K¥ thuat
xir Iy réc thai hitu co va phan bun bang au trung rudi linh den da dwoc nghién ctru & quy mo phong thi
nghiém. Tuy nhién, nhitng théng tin kinh nghiém & cac nudc c6 thu nhap thap va trung binh con han
ché [18].

- Oxy hoa bac cao:

Kali ferat 1a mot hop chit 6xy hoa than thién v6i méi trudng, cing voi viée 6xy hoa chét hitu co
trong chat thai, hop chat nay con c6 kha ning tiéu diét vi sinh vét trong méi truong chat long [29].
Trong thi nghiém sir dung kali ferat dé tién xir Iy phan bo cho thiy d6 pH trong hdn hop nhanh chong
tang 1én xap xi 10 sau 5 phit, d6 ciing 1a mot tac nhan tich cyc gitip lam giam lugng vi sinh vat gay
bénh trong dbng 1 [30].

4. Panh gi tiém ning ciia cac phwong phap xir Iy phian bun

Téng quan tai liéu cho thdy phuong phéap 1 hiéu khi va ky khi c6 nhiéu vu diém nhu, vat liéu sau
i ¢6 d6 mun cao thich hop cho viée cai tao dat, d6 am thap dé dang van chuyén, an toan vé mat vé
sinh, qua trinh xi 1y t6n it ndng lugng va yéu cau trinh d6 van hanh trung binh. Téng hop nhitng uu
nhuoc diém cua cac phuong phap xir 1y chat thai nha tiéu duoc trinh bay trong Bang 3.

Bang 3. Tong hop dic diém cac phuong phap xir Iy chat thai nha tiéu [30]

Diéu kién vén hanh U hiéu khi U ky khi Lén men ky khi Dbt — 1am kho
Kha nang tai st dung Bon cay Bon cay Bon cay Khong
Nhiét d6 dat duoc 50-70 °C 50-70°C  Khong sinh nhiét 800-900 °C
Thoi gian tidu diét 90% mam bénh 1 thang 6 thang 1,8 — 3,1 ngay
Kha nang bao tén Nito ft — nhidu ft — nhidu ft — trung binh Khéng
Van hanh DEdénkhé D& dén kho Kho Kho
Nang lugng tiéu hao Khong Khong Trung binh Nhiéu
Mui Nhiéu Nhiéu ft Nhiéu
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Diéu kién vén hanh Uhiéukhi ~ Ukykhi  Lénmenkykhi  Dbt—lam kho

Phan bun sau xur ly

D6 4m 40 - 50% 40 - 50% 88-92%

Ham luong mun Nhiéu Nhiéu it Khéng
Tiéu diét mam bénh Tét Kha Trung binh Tét
Van chuyén D@ dang D@ dang Khoé D@ dang
Yéu cau xir 1y tiép tuc Khong Khong Co Khéng
Luu trit Dé dang Dé dang Kho Dé dang

Céac tac nhan gay bat loi cho qua trinh hoat dong cua vi sinh vat nhu nhiét do, do am, do pH, thoi
gian ton luu trong moi trudng, ..., hi¢u qua tiéu dié¢t mam bénh trong chat thai tr mdt s6 nghién ctru
duoc trinh bay trong Bang 4.

Béng 4. Hiéu qua tiéu diét mam bénh trong phan bun/chat thai nha tiéu theo mot sé giai phap xtr 1y ting cuong
[15, 16, 19-22, 24, 25,27, 31-38]

Hiéu qua tiéu diét

Hudng giai phap Thoi gian xt 1y
E.coli Tring giun
Say bang nhiét

Séy tryc tiép, T =95 °C - 100 °C - <1 tring 5 phut
Séy gian tiép - <1 tring 45 phitt
Séy bang nang lwong mat troi 0-1 log - 18 ngay
U vi tro va dit bot - 2 log 169 ngay
U véi tro - 100% 291 ngay
U vi tro va voi - 2 log 105-117 ngay
U véi tro, pH=8,6 4 log - 26 ngiy
U véi tro, pH = 10,5 4 log - 2,1 ngay
Hao Iuu giir bun - 3 log 33 thang
B sung phé thai hitu co 5log - 1 tudn
B sung mun cua - 100% 3 thang
B sung rac cho - 1,5-2log 3 thang
B6 sung voi, pH = 12 - 100% 2,5 thang
B sung voi, pH = 12 4 log - 1-2 gioy
B sung voi vao bun 6ng va i, pH = 12,5 - <1 trimg 14 ngay
B sung voi va amoniac 5-6 log 94% -
B sung amoniac, 44 — 170 mg/1 - 99,9% 1,5-6 thang
B sung vo so nghién (150%), tro, uré (0,5%) 7 log 92% —99% 83-183 ngay
B6 sung Kali ferrat (K,FeOy) 3,5 log 40 phat
B sung sulfate radical 3,5 log 180 phut
Phan bun + véi + T 50 °C - 60 °C - <1 triing 8—128 phut
U hiéu khi + déo tron 100% 36 ngay
Phan lgn + rom + amoniac 3 log - 0,5 thang
Phan bun + v6i pH = 12,7, 45 °C, 46 am 80% - <1 trung 2 thang
Phan bun + voi pH = 12,7 + T 70 °C — 80 °C, d6 4m 80% - <1 trung 2 gio
U hiéu khi phan nguoi + nude tiéu + voi 3 log - 1 ngay
U hiéu khi phan ngudi + voi - <1 trimg 111 ngay
U hiéu khi phan ngudi + nude tiéu + voi 93 log - 106 gio

- 2 log 2 tuan
U hiéu khi v6i giun dat 6,4 log 6 ngay
U hiéu khi v6i giun dét <10? <1 triing 2 thang
U hiéu khi bun ky khi + phan bod + v6 ca phé 6 log 50 ngay

Chu thich: (-) khong c6 thong tin.
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Phuong phép siy va d6t bun c6 wu diém 1a giam duoc thé tich cia bun cin va tiéu diét duoc vi
sinh vat gdy bénh. Tuy nhién nhugc diém 16n 1a phat thai ra khi 6 nhiém, cong nhan van hanh va bao
tri doi hoi c6 tay nghé cao, chi phi du tu va chi phi van hanh 16n, san phdm sau dét (tro) can c6 hinh
thirc quan Iy phu hop.

U hiéu khi (co-composting) hodc vermi-composting véi chat thai hiru co sé tao didu kién tot cho
qua tiéu diét mam bénh (E.coli) trong chét thai nha tiéu, tuy nhién hiéu qua tiéu diét d6i voi trimg giun
van con han ché. Cong nghé nay doi hoi ky thuat van hanh va chét thai nha tiéu can phai dugc 1 bén
ngoai nha tiéu.

Cac yéu t6 khac nhu d6 am, d¢ pH va nong do 6xy ciing 1a cac tac nhan anh hudng téi kha ning
song va hoat dong cua vi sinh vat. Giai phap nang pH bang cach bd sung vo6i, amoniac hodc cac chat
c6 d6 6xy hoa cao 1a giai phap tiém nang, c¢6 tinh kha thi cao dé ting cuong hiéu qua tidu diét mam
bénh trong chat thai. Dé tao moi truong tot cho viéc phan huy chat hitu co, phan thai sau khi nang pH
can duoc bo sung chit don phu hop gitp can bang pH.

U ky khi véi chat don bo sung 14 tro hodc dat bot ¢ hiéu qua tiéu diét mam bénh han ché, thoi
gian U dai, dé rat ngan thoi gian u can phai sir dung lwong tro 16n, hé tiéu nhanh chéng bi day hoic
can phai duoc thiét ké véi kich thudc 16n.

Bién phap t hiéu khi (co-composting) duoc ap dung kha phd bién & khu vuc ndng thén ddng bang
Bic bo tai cac ho gia dinh c6 nhu cau tai sir dung chét thai nguoi va vat nudi cho muc dich nong
nghiép, bén canh dé trong qua trinh sir dung nha tiéu kho (dry-toilet) ho gia dinh da bo sung voi va tro
dé giam thiéu tac dong cia mam bénh va tranh con tring tiép xuc truc tiép voi chét thai khién mam
bénh c6 thé lan truyén ra méi trudng xung quanh.

5. Két ludn

Mic du phan chira it chat dinh dudng, nhung mun duoc san xudt tir phan chira ndng d6 phdt pho
va kali cao. Sau khi tiéu diét mam bénh, phan c6 thé duoc sir dung cho dat dé ting ham lugng chat
hitu co va cai thién kha ning giit nudc cua dét trong.

Tién xir ly bang vo6i 1a mot hudng giai phap tiém nang khién cho hiéu qua tiéu di¢t mam bénh cao
v6i thoi gian ngin. Trong qué trinh xtr 1y 6n dinh phan bun bang voi/amoniac c6 thé xay ra sy phat
trién tro lai cia mam bénh. Can doi hoi nguoi van hanh st dung phai dugc dao tao déng thoi dam
bao tuan tha cac quy trinh vé stc khoé va an toan vé sinh. Viéc xir 1y bang amoniac ¢ thé dic biét
dé dang ap dung cho khu virc c6 nha tiéu khé tach nudc tiéu (UDDTSs). Néu sir dung amoniac dang
hoa chét, chi phi cho viéc xtr Iy cao, han ché tinh kha thi vé kinh té va tinh bén viing ctia cong nghé.
Nong d nito trong san pham cudi cing c6 thé khong duy tri nhu ban dau vi trong qua trinh xir I nito
bi hao hut. U hiéu khi chét thai nha tiéu v&i giun dat ciing 12 bién phéap kha thi, tuy nhién do tap quan
va hudng dn str dung nha tiéu kho hop vé sinh, ngudi sir dung thuong b sung tro pH cia cht thai
cao, ¢ thé anh hudng t6i hoat dong ctia giun.

L&i cdm on

Nhom tac gia chan thanh cdm on sy hd trg vé co s& vat chat ciia bd mén Cép thoat nudc, khoa
K§ thuéat Méi truong, truong Pai hoc Xay dung Ha Noi, chan thanh cam on Vién Sot rét va Ky sinh
tring — Con triung Trung wong, Trung tim y té tinh Ha Nam d4 tao diéu kién hd tro nhom dé tai thuc
hién nghién ctru nay.

Tai liéu tham khao
[1] Ferguson, D. T. (2014). Nightsoil and the ‘Great Divergence’: human waste, the urban economy, and
economic productivity, 1500-1900. Journal of Global History, 9(3):379-402.

173


https://doi.org/10.1017/s1740022814000175
https://doi.org/10.1017/s1740022814000175

(2]
(3]
[4]

(3]

[7]
(8]
(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

Anh, B. H. / Tap chi Khoa hoc Cong ngh¢ Xay dung

WHO (2006). Guidelines for the Safe Use of Wastewater, Excreta and Greywater. Volume IV, France,
60-69.

Dalsgard, A. (2001). Health Aspects of the Reuse of Wastewater in Agriculture and Demographic and
Health Surveys (DHS) reports 2006 - 2009.

Diing, B. T., Tinh, N. L., Duong, T. T., Thiéu, N. Q., Monaghan, P. (2018). Thyc trang nhiém giun truyén
qua dt ¢ hoc sinh tiéu hoc tai 21 tinh thanh phé cua Viét Nam nam 2016. Tap chi phong chong bénh sot
rét va cac bénh ky sinh trung, 5(107):9.

LSHTM (2012). Cross-sectional study results, Project on New Concepts in On-Site Sanitation. Extending
the life of the Pit, London School of Hygiene & Tropical Medicine, London, UK.

Rose, C., Parker, A., Jefferson, B., Cartmell, E. (2015). The Characterization of Feces and Urine: A
Review of the Literature to Inform Advanced Treatment Technology. Critical Reviews in Environmental
Science and Technology, 45(17):1827-1879.

Jonsson, H., Baky, A., Jeppsson, U. (2005). Composition of urine, faeces, greywater and biowaste for
utilisation in the URWARE model. Chalmers University of Technology, Sweden.

Schouw, N. L., Danteravanich, S., Mosbaek, H., Tjell, J. C. (2002). Composition of human excreta — a
case study from Southern Thailand. Science of The Total Environment, 286(1-3):155-166.

Vinneras, B., Jonsson, H. (2002). Faecal separation for nutrient management—evaluation of different
separation techniques. Urban Water, 4(4):321-329.

Anh, B. H., Anh, N. V., Hang, D. T. (2014). Danh gia kha nang phan huy chat thai va tiéu diét mam bénh
theo thoi gian trong nha tiéu khé mot ngan. Tap chi Khoa hoc Cong nghé Xay dung, 20:66—74.
Butkovskyi, A., Leal, L. H., Zeeman, G., Rijnaarts, H. H. M. (2017). Micropollutants in source separated
wastewater streams and recovered resources of source separated sanitation. Environmental Research, 156:
434-442.

Feachem, R. G., Bradley, D. J., Garelick, H., Mara, D. D. (1983). Sanitation and disease: health aspects
of excreta and wastewater management. The Worl Bank, New York, Washington, D.C.

World Health Organization (1989). Health guidelines for the use of wastewater in agriculture and aqua-
culture: report of a WHO scientific group, World Health Organization. WHO Publications Center USA
[distributor], Geneva : Albany, NY.

Polprasert C. (2007). Organic waste recycling: technology and management. IWA Publ, London.
Huyén, N. T. (2010). Nghlen cteu gidi phap nang cao hiéu qua quan Iy phan bim bé ti hoai cho cdc dé
thi Viét Nam - nghién cieu dién hinh cho Ha N¢i. Luan van Tién sy, Dai hoc Xay dung, Ha Noi.

Chien, B. T., Phi, D. T., Chung, B. C., Stenstrém, T. A., Carlander, A., Westrell, T., Winblad, U. (2001).
Biological study on retention time of microorganisms in faecal material in urine-diverting eco-san latrines
in Vietnam. /st International Conference on Ecological Sanitation, Nanning, People's Republic of China,
internet dialogue on ecological sanitation, www. ias. unu. edu/proceedings/icibs/ecosan/bui. html.

Still, D., Louton, B., Bakare, B., Taylor, C., Foxon, K. M., Lorentz, S. A. (2012). Investigating the Po-
tential of Deep Row Entrenchment of Pit Latrine and Waste Water Sludges for Forestry and Land Reha-
bilitation Purposes.: Report to the Water Research Commission. Water Research Commission.

Arthur, R., Brew-Hammond, A. (2010). Potential biogas production from sewage sludge: A case study of
the sewage treatment plant at Kwame Nkrumah university of science and technology, Ghana. International
Journal of Energy & Environment, (6).

Jost, L. (2015). Influence of Temperature, VFA and pH on the inactivation of pathogens in anaerobic
digestion of faecel sludge. Master of Science, Swiss Federal Institute of Technology in Lausanne, Switze-
land.

Shanahan, E. F., Roiko, A., Tindale, N. W., Thomas, M. P., Walpole, R., Kurtboke, D. I. (2010). Evaluation
of Pathogen Removal in a Solar Sludge Drying Facility Using Microbial Indicators. International Journal
of Environmental Research and Public Health, 7(2):565-582.

Ogunyoku, T. A., Habebo, F., Nelson, K. L. (2015). In-toilet disinfection of fresh fecal sludge with
ammonia naturally present in excreta. Journal of Water, Sanitation and Hygiene for Development, 6(1):
104-114.

Vu-Van, T., Pham-Duc, P., Winkler, M. S., Zurbriigg, C., Zinsstag, J., Le Thi Thanh, H., Bich, T. H.,

174


https://doi.org/10.1080/10643389.2014.1000761
https://doi.org/10.1080/10643389.2014.1000761
https://doi.org/10.1016/s0048-9697(01)00973-1
https://doi.org/10.1016/s0048-9697(01)00973-1
https://doi.org/10.1016/s1462-0758(02)00026-2
https://doi.org/10.1016/s1462-0758(02)00026-2
https://doi.org/10.1016/j.envres.2017.03.044
https://doi.org/10.1016/j.envres.2017.03.044
https://doi.org/10.3390/ijerph7020565
https://doi.org/10.3390/ijerph7020565
https://doi.org/10.2166/washdev.2015.233
https://doi.org/10.2166/washdev.2015.233

(23]

[24]

(23]
[26]

(27]

(28]

[29]

[30]

(31]

(32]

[33]
[34]

[35]

[36]

[37]

(38]

Anh, B. H. / Tap chi Khoa hoc Cong ngh¢ Xay dung

Nguyen-Viet, H. (2016). Ascaris lumbricoides egg die-off in an experimental excreta storage system and
public health implication in Vietnam. International Journal of Public Health, 62(S1):103—111.

Maya, C., Torner-Morales, F. J., Lucario, E. S., Hernandez, E., Jiménez, B. (2012). Viability of six
species of larval and non-larval helminth eggs for different conditions of temperature, pH and dryness.
Water Research, 46(15):4770-4782.

Magri, M. E., Philippi, L. S., Vinneri s, B. (2013). Inactivation of Pathogens in Feces by Desiccation and
Urea Treatment for Application in Urine-Diverting Dry Toilets. Applied and Environmental Microbiology,
79(7):2156-2163.

Fidjeland, J., Magri, M. E., Jonsson, H., Albihn, A., Vinneras, B. (2013). The potential for self-sanitisation
of faecal sludge by intrinsic ammonia. Water Research, 47(16):6014-6023.

Son, T. T. D. (2011). Hygiene aspect of manure management and antimicrobial resistance in intergrated
pig-fish farms in Vietnam. Doctoral Thesis, University of Copenhagen, Denmark.

Eastman, B. R., Kane, P. N., Edwards, C. A., Trytek, L., Gunadi, B., Stermer, A. L., Mobley, J. R. (2001).
The Effectiveness of Vermiculture in Human Pathogen Reduction for USEPA Biosolids Stabilization.
Compost Science & Utilization, 9(1):38-49.

Rodriguez-Canché, L. G., Cardoso Vigueros, L., Maldonado-Montiel, T., Martinez-Sanmiguel, M. (2010).
Pathogen reduction in septic tank sludge through vermicomposting using Eisenia fetida. Bioresource
Technology, 101(10):3548-3553.

Huang, Z.-S., Wang, L., Liu, Y.-L., Jiang, J., Xue, M., Xu, C.-B., Zhen, Y .-F., Wang, Y.-C., Ma, J. (2018).
Impact of Phosphate on Ferrate Oxidation of Organic Compounds: An Underestimated Oxidant. Environ-
mental Science & Technology, 52(23):13897—-13907.

Wang, J., Cui, H., Xie, G., Liu, B., Cao, G., Xing, D. (2020). Co-treatment of potassium ferrate and
peroxymonosulfate enhances the decomposition of the cotton straw and cow manure mixture. Science of
The Total Environment, 724:138321.

Strande, L., Ronteltap, M., Brdjanovic, D. (2014). Faecal Sludge Management: Systems Approach for
Implementation and Operation. TWA Publishing.

Harada, H., Matsui, S., Phi, D. T., Shimizu, Y., Matsuda, T., Utsumi, H. (2006). Keys for successful
introduction of ecosan toilets: experiences from an ecosan project in Vietnam. Proceeding of the 7th
Specialised Conference on Small Water and Wastewater Systems, International Water Association London.
Jensen, P. K. M., Phuc, P. D., Konradsen, F., Klank, L. T., Dalsgaard, A. (2009). Survival of Ascaris eggs
and hygienic quality of human excreta in Vietnamese composting latrines. Environmental Health, 8(1).
Harada H., Kimoto Y., F. S. (2012). Evaluation of inactivation process of pathogenic microorganisms in
dry toilet. Journal of Science and Technology, Special Issue for IFGTM 2012, 50:145-150.

Cui, H., Wang, J., Cai, X,, Li, Z., Liu, B., Xing, D. (2020). Accelerating nutrient release and pathogen
inactivation from human waste by different pretreatment methods. Science of The Total Environment, 733:
139105.

Wordofa, D. N., Walker, S. L., Liu, H. (2017). Sulfate Radical-Induced Disinfection of Pathogenic Es-
cherichia coli O157:H7 via Iron-Activated Persulfate. Environmental Science & Technology Letters, 4(4):
154-160.

Ogunyoku, T. A., Nelson, K. L. Safe sludge: The disinfection of latrine faecal sludge with ammonia
naturally present in excreta - SuSanA. Future Work, 23.

Banda, B., Habtu, N. G., Gebreeyessus, G. D., Meshesha, B. T. (2023). Vermicomposting as an effective
approach to municipal sewage sludge management through optimization of the selected process variables.
Water Science & Technology, 88(8):1957—1973.

175


https://doi.org/10.1007/s00038-016-0920-y
https://doi.org/10.1007/s00038-016-0920-y
https://doi.org/10.1016/j.watres.2012.06.014
https://doi.org/10.1016/j.watres.2012.06.014
https://doi.org/10.1128/aem.03920-12
https://doi.org/10.1128/aem.03920-12
https://doi.org/10.1016/j.watres.2013.07.024
https://doi.org/10.1016/j.watres.2013.07.024
https://doi.org/10.1080/1065657x.2001.10702015
https://doi.org/10.1016/j.biortech.2009.12.001
https://doi.org/10.1021/acs.est.8b04655
https://doi.org/10.1016/j.scitotenv.2020.138321
https://doi.org/10.1016/j.scitotenv.2020.138321
https://doi.org/10.1186/1476-069x-8-57
https://doi.org/10.1186/1476-069x-8-57
https://doi.org/10.1016/j.scitotenv.2020.139105
https://doi.org/10.1016/j.scitotenv.2020.139105
https://doi.org/10.1021/acs.estlett.7b00035
https://doi.org/10.1021/acs.estlett.7b00035
https://doi.org/10.2166/wst.2023.322
https://doi.org/10.2166/wst.2023.322

	1 Giới thiệu
	2 Thành phần chất thải nhà tiêu và phân bùn
	a Lượng chất rắn
	b Các hợp chất hữu cơ
	c N, P, K và S
	d Kim loại nặng
	e Vi sinh vật gây bệnh đặc trưng


	3 Một số biện pháp xử lý chất thải nhà tiêu
	3.1 Ủ hiếu khí
	3.2 Ủ kỵ khí
	3.3 Lên men kỵ khí
	3.4 Sấy - Đốt – Làm khô
	3.5 Một số biện pháp tăng cường tiêu diệt mầm bệnh trong phân bùn

	4 Đánh giá tiềm năng của các phương pháp xử lý phân bùn
	5 Kết luận

