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Khoa hoc Tu nhién n—

Tong quan vé xit Iy axit perflooctanoic (PFOA)
va muoi peflooctansunfonat (PFOS) bang song siéu am

Phan Thi Lan Anh", P§ Hiru Tuin?

!Phong thi nghiém trong diém Cong nghé phdn tich phuc vu kiém dinh méi truong va an toan thurc pham,
Truong Dai hoc Khoa hoc Tw nhién, Pai hoc Quéc gia Ha Noi
’Khoa Méi truong, Truong Dai hoc Khoa hoc Tw nhién, Dai hoc Qucfc gia Ha Noi

Ngay nhan bai 26/9/2018; ngay chuyén phan bién 28/9/2018; ngay nhén phan bién 25/10/2018; ngay chip nhan dang 1/11/2018

Tém tit:

Nhém hop chit peflo hoa (PFCs) trong dé co mudi peflooctansunfonat (PFOS) va axit perflooctanoic (PFOA) la
nhitng chit 6 nhiém phé bién trén toan thé giéi, chiing bén virng trong mdi truwomg do tinh khé phéan hiy va tich liiy
sinh hoc. Nghién ciru xir Iy PFOX (X = A hoic S) bang song siéu Am dang 13 mot lwra chon ciia cic nha nghién ciru do
¢6 nhitng wu diém: chit 6 nhiém dwoc xir Iy hoan toan véi tdc d9 cao ma khong cin phai qua tién xir Iy théng qua
sw hinh thanh, phat trién va pha v cac bot khi trong qua trinh siéu Am. Cac tac dong chinh gép phan ning cao ty 18
phén hiiy chit 6 nhiém trong qua trinh séng siéu Am 1a: nhiét phan, phan Gng ¢ bé mit tiép xiic hai pha 16ng - khi
va tao ra cac goc tw do hoat dong. Bai bio nay tim hiéu va tong két cac ing dung ciia séng siéu Am trong cac truong
hop xir Iy PFOX cu thé. P6 1 qua trinh xir Iy PFOX bing séng siéu 4m, bing séng siéu 4m dwgc hd tre béi cac chit
oxy héa - khir khac, bing song siéu 4m c6 két hop véi cac phwong phap vat Iy khac. Qua do6 sé khai quat cac co ché
ciia qua trinh xir Iy PFOX bing siéu am, siéu Am két hop héa hoc va siéu am két hop vat Iy.

Tir khéa: axit perflooctanoic (PFOA), axit peflooctansunfonat (PFOS), hop chit peflo héa (PFCs), séng siéu am, xir

ly.
Chi s6 phén loai: 1.4

Gioi thiéu

Nhom hop chét peflo héa (PFCs) trong d6 c6 mudi
peflooctansunfonat (PFOS) va axit perflooctanoic (PFOA)
1a nhitng hop chét co tinh bén vé hoa hoc, nhiét hoc va ca
sinh hoc, ¢6 tinh hoat dong bé mat tt [1, 2]. Ciing chinh vi
céc tinh chit nay, trong nhitng thap ky gan day PFOX (X
= A hoac S) dugc su dung rong rai trong cong nghiép va
doi séng [3], kéo theo 1a sy 6 nhiém PFCs déng bao dong
trén quy mo toan cau. O Viét Nam PFCs dd duoc tim thiy
trong nudc song [4], nude bién [5], nude thai [6], sinh vat
[5, 7, 8], va tham chi trong huyét thanh ngudi [9, 10]. Tinh
khé phan huy di kém véi doc tinh ciia PFCs ma axit PFOS
va cac mudi cua né da duoc liét vao phu luc B céac chit 6
nhidm hitu co bén viing (POPs) theo Cong udc Stockholm
vao nam 2009, PFOA ciing dugc chi dinh nhu 1a mot chét
POPs twong ty PFOS [11]. Cac nghién ctru gan day da chi
ra PFCs con dugc tao ra trong qua trinh xtr 1y bang sinh hoc
tir cac tién chat PECs. Nong do PFCs trong nudc thai da qua
xtr 1y con cao hon nuéc thai ddu vao cua cac nha may xu
Iy nude thai [12-14], ¢6 nghia ring PFOX rat kho dé xu Iy
bang céc bién phap xur Iy nudc thong thudng trong cac nha

"Tac gia lién hé: lananhl507@yahoo.com
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may xu Iy nudc thai.

Cac nghién ctru xt ly PFOX da va dang duoc cac nha
khoa hoc trén thé gidi tién hanh, tuy nhién véi cdu tric kho
phén huy thi cac phuong phap xtr Iy PFOX c¢6 hi¢u qua la
cac phuong phap oxy hoa - khir tién tién (AO/RP) [15].
Cu thé cac phuong phap xtr Iy PEOX c¢6 hiéu qua t6t nhu:
quang hoa [16-19], siéu am hoa hoc [20-23], dién phan hoa
hoc [24, 25], phong xa hoa hoc [26], nhiét hoa hoc [27], va
plasma [28]. Trong cac phuong phap néu trén, song siéu am
dang la mot lya chon cua cac nha nghién ctru do c6 nhiing
wu diém: chit 6 nhiém dugc xt 1y hoan toan voi tdc do cao,
thoi gian xtr 1y ngan ma khong can phai qua tién xtr 1y thong
qua sy hinh thanh, phat trién va pha v& cac bot khi trong qua
trinh si€u am [29]. Mt khi cac bot khi nay bi phé vd sé tao
ra mot tiéu moi truong c6 nhiét do cao dén 4000-10000 K va
ap suat hang ngan atm [30]. Chinh nhiing diéu kién nay tao
su thudn 101 trong qua trinh phan huy cac hop chat 6 nhidm.
Céc tac dong chinh gop phan ning cao ty 1& phan huy chat
6 nhiém trong qua trinh song siéu 4m la: nhiét phan, phan
g & bé mat tiép xuc hai pha 1ong - khi va tao ra cac gc
tu do hoat dong.

Trong khudn khé tong quan vé& xtr Iy PFOX bing song
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Degradation of perfluorooctane
sulfonate (PFOS) and
perfluorooctanoic acid (PFOA)
by ultrasonic processes

Thi Lan Anh Phan'', Huu Tuan Do?
!Key Laboratory of Analytical Technology for Environmental Quality
and Food Safety Control (KLATEFOS),
VNU University of Science, Hanoi
’Faculty of Environmental Science, VNU University of Science,
Hanoi
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Abstract:

Perfluorooctane sulfonate (PFOS) and perfluorooctanoic
acid (PFOA) are shown to be globally distributed,
environmentally persistent, and bioaccumulative.
Ultrasonic processes or sonochemical methods have
been used to degrade PFOX (X = A or S). They have
unique advantages over conventional treatment
methods because the complete defluorination can be
attained without any pretreatment and at higher kinetic
rates. The sonochemical processes depend on cavitation,
a phenomenon involving formation (nucleation),
rapid growth (expansion) until reaching a critical
size, and violent collapse. These conditions are highly
advantageous for degradation of toxic compounds.
Major cavitational effects that contribute towards
enhancing the rate of degradation include (a) pyrolysis
(compounds on the surface and/or cavity of the bubbles
are pyrolyzed at very high-temperature conditions), (b)
reactions at gas-liquid interface (breaking bonds of long
chain organic compounds), and (c) generation of hydroxyl
radicals (oxidation of pollutants). The efficiencies and
mechanism of PFOX sonochemical degradation process
are also elucidated in detail through sonolysis only,
sonochemical treatment, and sono-physiscal prcocess.

Keywords: degradation, perfluorinate chemicals (PFCs),
perfluorooctane sulfonate (PFOS), perfluorooctanoic
acid (PFOA), sonolysis.

Classification number: 1.4
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siéu am, cac ung dung cua song si€u am trong cac truong
hop xur Iy PFOX cu thé duoc tim hiéu va thao luan. D6 la
qué trinh xir Iy PFOX bang song siéu am, xir Iy PFOX bang
song siéu am dugc hd tro boi cac chit oxy hoa - khir khéc,
xtr Iy PEOX bang song siéu 4m c6 két hop véi cac phuong
phap vat 1y khac. Qua d6 s& khai quat cac co ché cua qua
trinh xir [y PFOX béng siéu am, siéu am két hop hoa hoc va
siéu am két hop vat 1y.

’ Ky thuat siéu am H’ Ky thuat siéu &m (sonolysis)

K§ thuat siéu am héa hoc Song sicu m ket hop v6i

sonochemical cac chat oxy hoa - khir:
(sonochemical) TiO,, NaHCOs, KIOs,
K25205, Na;S0s, KMnO,

Ky thuat siéu am héa 1y Ky thuat siéu am két hop

quang hoa

; Ky thuat siéu am két hop

hép phu bang than hoat tinh

Hinh 1: Ung dung ky thuat siéu am trong xi ly PFOX.

Ky thuat xii Iy PFOX béing siéu am (Sonolysis)

K¥ thuét siéu 4m ngay nay dugc tmg dung nhiéu trong
cudc séng, nhu 1am sach dd kim hoan, lam sach cac thiét
bi kim loai nho, han nhya, khuéy tron trong cong nghiép
san xudt my pham va thuc pham... Trong y khoa, cac bac
si stt dung song siéu am dé loai bo san, soi trong than ma
khong can phai lam phau thuat, chira trj nhiing ton thuong
ve€ suong sun (nhu 6 khuyu tay), va chup nhing hinh anh
phat trién cua thai nh1 Trong cong nghiép, siéu am rat quan
trong trong san xuét, lam sach nhitng vat c6 kich c& 16n
[31]. Siéu 4m cong suit cao trong chit 1ong dan dén hién
tuong hinh thanh, phat trién, va pha v& ctia bong bong, kem
theo viéc tao ra nhiét do va ap suét cao, cac gbc ty do, day
chinh 1a diéu kién dé tao nén hiéu ung hoa hoc cua siéu am
[32]. Co6 ba vi tri phan ung khac nhau trong moi truong
song siéu am, do 1a bén trong ctia bong bong (cavitation),
khu vuc giao thoa khi - long cua bong bong, va tai pha long
khi ma bong béng bi v& ra [33]. Su ton tai cia ving giao
thoa khi - 16ng, noi nhiét d¢ cao la du dé gay ra nhiét phan
va tao nong d6 gbc tu do cao [30]. Chinh vi vay, trong hoa
mdi truong, song siéu am duoc ing dung rong réi dé xir ly
céc hop chit hitu co nhu: este axit phthalic, clorobenzen,
va hydrocarbon chira clo dé bay hoi...[34-36], cac chit hitu
co d& bay hoi co thé bi phan huay tai pha khi (trong long
bong bong), tai vung giao thoa long - khi ciia bong bong, va
tai pha long (bulk solution) khi bong bong v&. Tuy nhién,
PFOX la nhiing chat hoat dong bé mat, tan nhiéu trong
nude, hiang s Henry trong dung dich ctia chung thip, cu thé
cta PFOS trong nudc 3,05x10° atm.m?*/mol va PFOA 1a tan
v0 han trong nudc [1]. Do vay, phan tmg phan huy PFOX
trong moi truong sidu 4m chi yéu dién ra tai vi tri giao thoa
hai pha khi - 1ong va bi oxy hoa bai cac goc tu do thodt ra tir



cac bong khi v& ra [37]. Hinh 2 miéu ta cu thé co ché phan
hiy PFOS trong moéi truong si€éu &m, mot lugng PFOS trong
dung dich bam dinh trén cac bong bong, khi bong bong v
ra giai phong ngudn nang lugng 16n voi nhiét do va ap suat
cao. Tai vi tri tiéu moi truong nay, PFOS dugc nhiét phan
theo phuong trinh phan ung (1):

n
CF,(CF,),S0; = CF4(CF,), + S0; (1)

Tiép do6, dau ki nu6e CF,(CF,), bi nhiét phan tai pha khi
thanh cac chét, cac gbe 1-C khong ben viing. Cac goc khong
bén vitng nay dé dang bi oxy hoa thanh cac san pham vo co
CO, CO,, HE.

+H,0

S03(g) .21
F(aq) Step 3
Tai pha long
-H+
Tai pha khi
‘CFaq) HFg)
S ) I
F 4000 K 4000 K
== CFy =

H,0
Step 4 + HO* +

“CFyg

ok (g, bub)
Hinh 2. Co ché phan hdy PFOS trong méi trudng siéu am [37].

Phan (g phan hiy PFOX trong moéi truong don siéu ém
xay ra chu yéu dua vao ngudn ning lugng va cc gbc tu do
OH’, O'... ma thiét bi siéu 4m tao ra. Du vay, PFOX van
bi phan hiy nhanh hon so véi cac phuong phap vat 1y khac
nhu quang hoa, dién phéan [15]. Bang 1 tong hop cac nghién
ctru tién hanh phan huy PFOX bang song siéu am.

Bang 1. Tong hgp cac nghlen ctiu xif ly PFOX bang séng siéu am,
song siéu am két hgp véi cac phuong phap héa - ly khac.

BV T (o o SR G i Thoi gian Tai liéu
Picu kién tan so % o Nong dj ban Toc do phan "
TT Chat dugre xir Iy X , . (h), hi¢u tham
ning luong dau (uM) g (min™) 5 .
suat khdo
0%/85Y
200 kHz, 200 W o SSA_)\
1. 60 ml PFOS/PFOA 2024 0,016/0,032 trong 1 gio [20]
m
’ phan g
618 kHz, 250 WL, hoan toan
2. PFOS/PFOA 0,12/0,1 0,027/0,041 37
600 ml e ’ ’ trong 2h/3h 37
Chat tao bot mang
nudc (AFFF) FC- ,
505 kHz, 188 WL"! Xur 1y 70%
3. % " 600:PFOS,PFHS, PFOS=262 001 YA g
400 ml sau 2h
PFBS, PFOA,
PFHA
612 kHz, 250 W L, Hoan toan
4. PFOS/PFOA 0,2/0,24 0,024/0,047 [22]

600 m|
40 kHz, 150 W, 300

trong 2h

5. PFOA 170,1 0,0222 98%sau2h  [39]

ml +45SmM K10, .

M
5 20KHZ 300 W, 100 ”;” a"‘lon' ' " ® 51.2% -
. T N B
ml+10mMK, 5,0, Tonooctanod sau2h
25 (APFO)

40KHz, 150 W, 11+ 90,1%

] PFOA 12 024 41
u 30mM NaHCO, 0 0 o sau 2h [
g DOMHZISOW2S0 b oqron 120/100 NR O%RPEOS )

* ml+20mg GAC sau 24h

NR: khong bao cao; GAC: than hoat tinh.

TAP CHI

HOA HOC

ONG NGHE I} Nam 61(1)1.2019

Khoa hoc Tu nhién n—

Ky thuat xif Iy PFOX bang siéu am
(sonochemical)

két hop héa hoc

Phan Umg phan hiy PFOX s€ tang nhanh hon trong moéi
truong siéu am néu xuit hién thém cac géc tu do hodc cac
chat hoat dong manh c6 tic dong 1én PFOX ngay trong pha
16ng. Vi nhiing nghién ctru trude d6 da chi ra rang, phan tmg
phan hay PFOX bing hé Fenton, gbc OH" 1a gbc chi yéu
duoc tao ra bdi qua trinh nhiét phan trong siéu am, khong c6
hiéu qua cao [21], nén nhiéu nghién ctru da tién hanh phan
huy PFOX trong mdi trudng siéu 4m bang cach thém cac
chét oxy héa: TiO,, NaHCO, [41], gbc periodat KIO, [39],
géc persunfat K S O, [40], géc sunfat Na, SO, [23], mudi
permanganat KMnO, [43]...
hay PFOX khi ¢6 mit cac cht oxy hoéa néu trén chu yéu

Co ché cua céc phan ung phan

dua vao su dich chuyén electron tor PFOX sang cac géc tu
do hoic cac chat oxy hoa da dugc hoat hoa (phuong trinh 2).
Tir d6 PFOX tro thanh céc gdc trung gian hoat héa khong
bén viing nhu CF ,+COOH, cic gbc nay dé dién ra qua trinh
loai b khi cacbon dioxit trong phén tir ciia minh thanh cac
gbc ankyn hoat hoa nhu C.F .. Trong m6i trudong nudce, cac
gbc ankyn hoat hoa nay s& tac dung véi H,0 dé tao nén ruou
per flo (C_F ,OH), sau d¢ axit HF bi loai bo dé tao ra cac
axit PECAs c¢6 mach cacbon ngin hon (CF 13COOH). Cac
phuong trinh phan tng phan hiy PFOA béi gbc tu do CO,~

duogc miéu ta boi cac phuong trinh (2) - (6) [41, 44].

CO, " +C,F,CO00™ — CO,” +C,F,.CO0" (2)
C,F,CO0* - CO, +C.E,’ 3)
C,F. +H,0 »C,F,OH+H 4)
C,F,OH —* C F,,COF (5)
C,F,COF+H,0— 5 C, F,,COOH (6)

Ngoai ra, cac PFOX bi nhiét phan theo phuong trinh
phan tng (1) va dan tao ra cic san phim cudi 1a CO, CO,,
HF nhu miéu ta ¢ hinh 2. Hinh 3 mé ta co ché phan huy
PFOA trong mdi truong si€u am chua periodat KIO,, PFOA
bi phan hity bai 2 qué trinh song song do tac dong truc tiép
boi song siéu am va do tac dong cua géc tu do 10,* dugc tao

trong moi truong siéu 4m chira KIO,.
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PFOA
*p

. CF,,C00- 0, .
C.O?ﬁ”/ \{HNCOE

CF,(CF,).CF,~ GiFy5e

> rzax\-}
2, (191
= [i18) CF,.CF,
+ CF(CF,),CF=CF,
CF,(CF,).CF,H F -/
21 C0.CO,. HF
2\20) ’
~ / End products
CF,H*, CF,, CF

Hinh 3. Co ché& phan hiiy PFOA trong moi trudng siéu am cé6
periodat KIO, [39].

Ky thuat xif Iy PFOX bang siéu am dugc ho tro bang cac
phugng phap vat Iy khac

Dé hd tro ky thuit siéu 4m trong qua trinh phan hay cac
chiat PFOX, ngoai viéc thém cac chét oxy hoa - kht, cac
nha khoa hoc ciing tim cach két hop cac phuong phap vt 1y
nhu: hip phy PFOX bang than hoat tinh trong méi truong
siéu am [42], phan hiy PFOX bang song siéu 4m két hop
v6i quang phan [45, 46]. Khi két hop boi cac phuong phap
khéc, hi¢u qua phan huy PFOX cao hon. Hinh 4 minh chirng
cho hiéu suat xir Iy PFOS boi hip phu bang than hoat tinh va
hap phu két hop véi song siéu 4m. Deming Zhao [42] chi ra
rang, cac hat than hoat tinh trong méi truong séng siéu am
20 kHz lam tang kha ning hap phu c6 thé 14 do su gia ting
) luwgng cac vi tri hép phu cua céc hat than hoac do cac vi tri
hép phu ctia than tro nén dé tiép can hon vé mit dong hoc.

@ 1F——Us

O o)

< oo GAC

o 04l

g 02, "W.GAC + US

— 00 0 30 60 90 120
Time (hr)

(A) (B)

Hinh 4. (A) So sanh hi¢u suat x{r ly PFOS bing hat than hoat
tinh (GAC) két hgp séng siéu am (US) 20 kHz; (B) Ca ché tac
déng cta séng siéu am Ién kha nang hap phu PFOS ctia than
hoat tinh [42].

Ngoai ra, khi song siéu am két hop véi quang phan, hiéu
qua hoat dong cua quang phan khi két hop véi song siéu
chu yéu 1a ting tc do truyén khéi lugng ciia cac chét phan
{mg va san pham giita cic giai doan, phan tin cac xic tic
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quang va tiéu thu cac phan tir hoat hoa do siéu 4m tao ra, do
vy day nhanh qua trinh phan hay PFOX trong méi trudng
quang hoc - siéu am két hop [45].

Keét luan

Tir ndi dung cta cac nghién ctu trén ¢ thé két luan
rang, siéu am dang 1a mot phuong phap phan huy PFOX
c6 hiéu qua, nhanh va it san phém phu co6 hai. So véi cac
phuong phap oxy hoa tién tién khac nhu quang hoa, dién
hoa thi thoi gian phan hiy PFOX ngdn hon, chu yéu két
thiic trong vong 2h phan tng. Dbi v6i cac nghién ciru voi
song siéu 4m co tan sb cao trén 500 kHz, song siéu 4m c6
thé ty phan hay PFOX & cac nong d khac nhau. Tuy nhién,
tai tan sd thép hon nhu 40 kHz hoac 20 kHz, thi song siéu
am c6 hiéu qua phan hiy PFOX khong cao, viéc thém cac
cl}ét oxy hoa - khu khac nhu KIO,, NaHCO,, K,S.O,... hay
két hop voi cac phuong phap vat 1y khac s€ ho trg thém song
siéu 4m trong qué trinh phan huy PFOX duoc t6t hon. Cac
nghién ciru cha yéu thuc hién trén nén mau dugc pha bang
nudce cit tinh khiét tai phong thi nghiém nén chua danh gia
day du duoc cac anh huong boi cac yéu té vén co trong
nguén nude thai thuc té. Do vay, dé han ché nguén thai
PFOX, ngoai viéc nghién ctru cac cach xur Iy trong phong thi
nghiém, nghién ctu tng dung cac phuong phép nay trong
thuc té thi viéc han ché sir dung, han ché phat thai PFOX
trong cudc séng, trong cong nghiép van ludn 1a van dé can
quan tam.
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Tom tit:

Cic phéi tir bazo Schiff dang salen véi hé dién tir 7 lién hgp thwong hap thu tir ngoai va phat huynh quang manh
ngay cé khi cé6 hay khong cé cac ion kim loai, c6 kha nhiéu bai bio vé sensor quang dang salen nhiam phén tich cac
ion kim loai nhw Zn*, Cu®', Hg*". Trong nghién ciru nay, cac phdi tir salophen c6 nhom thé & vi tri 5 trong vong
salicyl duwge diéu ché tir 1,2-phenylenediamine va cac salicylaldehyd véi hiéu suit cao (>90%) bing sw hd tro ciia
siéu am. Cac dic trung pho ciia chiing nhuw NMR, IR va ESI-MS da dwgc nghién ciru va tinh chit hap thu UV-Vis,
phat xa huynh quang ciia chiing ciing dwoc xac dinh. Hy vong cac phéi tir salophen tong hop dwogc nay hoan toan cé
thé 1am sensor ¢6 dd nhay va dd chon loc cao cho phén tich cac ion kim loai chuyén tiép nhuw Hg?* Cu?', Zn*'.

Tir khéa: din xuit, salophen, tinh chit quang, tong hop.

Chi s6 phén loai: 1.4

M6 dau

Str dung va phat trién cac sensor trong phan tich nhanh
1a mot doi hoi cua sy phat trién, nhat 1a trong thoi ky cach
mang cong nghlep 4.0 ngay nay. Cac bazo Schiff dugc xem
nhu 13 cac phdi tir thuén tlen nhit cho viéc dinh hIo‘ng cac
ion kim loai [1], trong s cac bazo Schiff do phai ké dén
nhom céc bazo Schiff dang salen, dugc diéu ché tir phan ing
ngung tu cua 1,2-diamin véi salicylaldehyd va cac dan xudt
cua nd. Trong nghién ctru cia Mohamad Bagher Gholivand
va déng nghiép, mot sensor quang chon loc Cu?* dya trén
N,N’-bis(salicyliden)-1,2-phenylendiamin (salophen) da
dugc ché tao, sensor nay c6 thé phat hién ion dong trong
ving 5,01x10% dén 6,32x10* M véi gioi han phat hién
4,7x10% M [2]. Trong mdt nghién ciru khac, Duraisamy
Udhayakumari va ddng nghiép di sir dung sensor lam tir
mot salophen don gidn, N,N’-bis(5-nitrosalicyliden)-1,2-
phenylendiamin dé phat hién ra cac ion Hg®" vé6i gi6i han
phat hién 1a 1 pgl [3]. Cac ion kém Zn?* ciing c6 thé dugc
phat hién bang cac sensor huynh quang lam tir salophen [4]
hay tir mot salen [5]. Dé cai thién kha ning phat hién cua
céc sensor, cac dan xuét salen v6i nhiéu dic tinh quy nhu
dé tan trong nudc di duge tong hop nham co thé phat hién
ra ion kim loai trong mdi truong phu hop nhu trong truong
hop phat hién Cu?* trong nude va trong té bao song [6].

Mic du salophen duoc tong hop kha d& dang nhung hiéu
suat phan ung chua cao (72%) [4]. Trong mot nghién ctru

"Tac gia lién hé: Tel: 0909901871; Email: trungquang cnhh@yahoo.com
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gan day, chiing toi da tong hop hiéu qua salophen véi su
hd trg cta siéu am dat hiéu suét cao. Dé tiép tuc phat trién
céc sensor quang dua trén cac salophen va dan xuét, trong
nghién ctru ndy chung toi tiép tuc tién hanh tong hop hiéu
qua mot sd dan xuat salophen bang sy hd tro ctia siéu 4m va
danh gia cac tinh chit quang cta chung.

Vat liéu va phuong phap
Héa chit va dung cu

Céc hoa chit sir dung trong nghién ctru nay dwoc mua
tir cac nha cung cip trén thi truong va khong qua khau lam
sach lai. Cac dung moi st dung dugc chung cat phéan doan
trong diéu kién phong thi nghiém. Phdé MS duogc do trén
may Agilent 6310 Ion Trap. Pho IR (4000-400 cm™) dugc
do trén may Perkin-Elmer Spectrum Two. Phd 'H-NMR
(500 MHz) va BC-NMR (125 MHz) duoc do trén may cong
hudng tir Bruker Avance 500 v6i chat chuan noi TMS.

Céc dan xuét cua salicyladehyd dugc diéu ché & Phong
Hoéa hoc xanh, Vién Hoéa hoc theo quy trinh phdn ung
Reimer-Tiemann cai tién cé su dung siéu am [7].

Phwong phdp diéu ché cdc bazo Schiff salophen

Phuong phép chung dé tong hop céc salophen theo tai
li¢u da cong bd [8], cu thé cho lan lugt vao binh cau loai
50 ml ¢6 chira 30 ml etanol mdt lugng 4,6 mmol (0,5 g)
1,2-phenylen diamin va 9,2 mmol salicylandehyt, khuay
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Abstract:

Salen-type Schiff base ligands with big m-conjugated
systems usually exhibit strong UV-Vis absorption
and fluorescence with or without metal ions, and
there are many reports on the salen-type optical
chemosensors for the analysis of metal ions, such as
Zn*, Cu*, Hg*. In this study, salophen-type ligands
derived from 1,2-phenylenediamine and 5-substituted
salicylaldehydes were prepared efficiently using
ultrasounds. These ligands were characterised by
specific spectroscopies including NMR, IR and ESI-MS,
and their photophysical properties of UV-Vis absorption
and fluorescence were determined as well. The salophen
ligands can be used as highly selective and sensitive
chemosensors for the detection of some transition metal
ions such as Hg?*, Cu?*, Zn?" hopefully.

Keywords:  derivatives,
salophen, synthesis.

Classification number: 1.4

photophysical properties,

déu ¢ nhiét d6 phong trong 15 phut rdi thyc hién phan tmg
trong bé siéu 4m Power Sonic405 trong 90 phut. Sau khi
phan tng két thuc, dé ngudi, c6 nhiing tinh thé mau cam
xudt hién va ling xudng. Co quay dudi ap suat kém dé loai
hét dung méi va nude. Tién hanh 1am sach bang sic ky cot
diéu ché voi silicagel 230-400 mesh, hé dung méi trién khai
1a n-hexan:EtOAc (9:1), thu dugc cac san phim mau tir
vang dén vang cam. San pham thu duoc tan trong cac dung
moi phan cuc nhu metanol, etanol, etylacetat, chloroform,
dichlorometan, it tan trong eter dau hoa, n-hexan. San phrflm
duogc két tinh trong etyl acetat, sau d6 tinh thé dugc mang di
do cac dic trung phd hoc Mass, IR, 'TH-NMR va BC-NMR.

Phwong phdp dinh gid tinh chét quang ciia cdc
salophen tong hop dwoc
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Tinh chat quang ciia cac san pham salophen dugc danh
gi4 bang phd UV-Vis va phd huynh quang. Mu duoc dung
dé do UV-Vis hoa trong dung moéi CH,CI, ¢ ndng do 2x 19'5
M, pho UV-Vis dugc do trén may Lambda UV-35. Cac mau
vang cam dang bot thu duoc dung dé do huynh quang trén
may Fluorolog (Horiba) tai Trung tdm Phan tich, Vién Hoa
hoc.

Két qua va thao luan
Tf;ng hop va dic trung

Céc phéi tir duoc téng hop theo so dd 1 tir 1 duong
lugng mol 1,2-phenylendiamin véi 2 duong luong mol
salicylaldehyd (hodc cac din xuit) trong dung méi etanol.
Cac phéi t sach thu duoc sau khi két tinh lai trong
ethylacetat va dem do dac cac dic trung pho.

CHO
EtOH
+2 R OH ——>» — =
H H Ultrasounds
2 2
R OH HO R

R Phoi tir

R=H Salophen (1)
R=Cl 5-Clsalophen (2)

R =tbu 5-t-busalophen (3)
R =MeO 5-MeOsalophen (4)

So do 1. Tng hop cac phdi ti salophen.

N,N’-Bis(salicyliden)-1,2-phenylendiamin ~ (salophen):
1,35 g chat rin vang cam (93%). ESI-MS (m/z) 317
[M+H]". '"H-NMR (CDCl,, 500 MHz) & (ppm): 13,04 (s, 2
H, 2 OH); 8,61 (s, 2 H, 2 CH=N); 7,36 - 7,31 (m, 6 H); 7,22
(m, 2H); 7,02 (d, J = 8,5 Hz, 2 H); 6,90 (t, /= 7,5 Hz, 2 H).
“C-NMR (CDCl,, 125 MHz) 6 (ppm): 163,74 (2 CH=N);
161,37 (2 C-OH); 142,56; 133,41; 132,37; 127,72; 119,75,
119,26; 119,01; 117,55 (16 C, ). IR (KBr) (cm™): 3055 (v,
C-H), 2557 (v, O-H), 1613 (v, C=N), 1561, 1481 (v, C=C),
1276 (v, C-N), 1192 (v, C-0), 910, 760 (5, C-H). UV-Vis
(2x10° M, CH,C1,, nm) (¢) : 296 (26755), 335 (32595).

N,N’-Bis(5-Chlorosalicyliden)-1,2-phenylendiamin
(5-Clsalophen): chit rdn mau vang cam (94%). ESI-MS
(m/z) 385 [M+H]". '"H-NMR (CDCl,, 500 MHz) & (ppm):
12,99 (s, 2 H, 2 OH); 8,56 (s, 2 H, 2 CH=N); 7,38 (m, 2
H); 7,35 (d, J=2,5Hz, 2 H); 7,30 (dd, J = 9,0 va 2,5 Hz,
2 H); 7,23 (m, 2 H); 6,99 (d, J= 9,0 Hz, 2 H). *C-NMR
(CDCl,, 125 MHz) & (ppm): 162,48 (2 CH=N); 159,89 (2
C-OH); 142,18; 133,28; 131,27; 128,24; 123,68; 119,91;
119,62; 119,19 (16 C, ). IR (KBr) (cm™): 3052 (v, C-H),
2555 (v, O-H), 1613 (v, C=N), 1566, 1476 (v, C=C), 1274



(v, C-N), 1188 (v, C-0), 814, 722 (8, C-H). UV-Vis (2x10°
M, CH,CL, nm) (¢) : 294 (28175), 337 (28370).

N,N’-Bis(5-t-butylsalicyliden)-1,2-phenylendiamin
(5-t-busalophen): chat rin mau vang cam (91%). ESI-MS
(m/z) 429 [M+H]". '"H-NMR (CDCl,, 500 MHz) § (ppm):
12,80 (s, 2 H, 2 OH); 8,63 (s, 2 H, 2 CH=N); 7,41 (dd, J =
9,0 va2,5Hz, 2 H); 7,35 (d, J=2,5Hz, 2 H); 7,32 (m, 2
H); 7,22 (m, 2H); 6,98 (d, J = 8,5 Hz, 2H) ; 1,31 (s, 18 H).
BC-NMR (CDCl,, 125 MHz) § (ppm): 164,05 (2 CH=N);
159,14 (2 C-OH); 142,86, 141,61; 130,87, 128,63; 127,50,
119,65; 118,52; 117,12 (16 C, ); 34,01 2C , ); 31,41 (6 C ).
IR (KBr) (cm™): 3060 (v, C-H), 2561 (v, O-H), 1622 (v, C=N),
1568, 1487 (v, C=C), 1265 (v, C-N), 1176 (v, C-0O), 822, 757
(8, C-H). UV-Vis (2x10° M, CH,CL, nm) (¢) : 296 (16155),
342 (18015).

N,N’-Bis(5-Methoxysalicyliden)-1,2-phenylendiamin
(5-MeOsalophen): chit rin mau vang cam (92%). ESI-MS
(m/z) 377 [M+H]". '"H-NMR (CDCl,, 500 MHz) & (ppm):
12,56 (s, 2 H, 2 OH); 8,59 (s, 2 H, 2 CH=N); 7,33 (m, 2
H); 7,22 (m, 2H); 6,98 (4 H) ; 6,88 (2 H); 3,79 (s, 6 H).
BC-NMR (CDCl,, 125 MHz) § (ppm): 164,43 (2 CH=N);
155,70 (2 C-OH); 152,22 (2 C-OMe); 142,61; 127,69,
120,82; 119,74; 118,81; 118,40; 115,38 (12 C, ); 55,99 (2
Co)- IR (KBr) (cm™): 3061 (v, C-H), 2539 (v, O-H), 1617
(v, C=N), 1569, 1489 (v, C=C), 1271 (v, C-N), 1162 (v,
C-0), 1031, 822, 755 (5, C-H). UV-Vis (2x10° M, CH,Cl,,
nm) (g) : 294 (30795), 344 (31065).

Nho ¢ sy hd tro cua siéu 4m nén cac san phém thu
duoc déu co hiéu suat cao (>90%), hiéu qua hon hén so véi
truong hop sir dung hoi luu (72%). Cac san pham thu duoc
¢6 mau vang cam, chung c¢6 phd khdi phu hop véi cong thire
dé nghi.

Trén phé '"H-NMR, nhom OH vong thom do ¢6 su tao
lién két H nodi phan tir nén tin hidu xuat hién trong ving
12,56-13,04 ppm. Nhom imin CH=N dac trung cho sy hinh
thanh cua cac phdi tr thuong 1a pic don xuat hién & ving
8,56-8,63 ppm. Cac H vong thom xuét hién trong viing 6,88-
7,41 ppm tly timg dan chat. Cac dan xut 5-r-busalophen va
5-MeOsalophen c6 cac proton ctia nhom ¢-butyl dang pic
don ¢ 1,31 ppm va proton nhom MeO dang pic don ¢ 3,79
ppm tuong Ung.

Phd 3C-NMR cua cac phdi tir thu duoc co cac tin hiéu
dang chu y dic trung cho sy hinh thanh ciia cac phdi tir dugc
khang dinh bang cac tin hiéu C ctia nhém CH=N nim trong
vung 162,48-164,43 ppm. Céc carbon cia nhom C-OH c6
thé duoc thfiy trong vung 155,70-161,37 ppm. Cac tin hiéu

TAP CHI

HOAHOC |/,
ONG NGHE ||{ Nam 51(1)1.20m9

Khoa hoc Tu nhién n—

C vong thom khac nam trong ving 115,38-152,22 ppm. Pic
C ctia nhom #-butyl thudng c6 2 tin hiéu nam & 34,01 ppm
va 31,41 ppm. Pic C cia nhom MeO 1a 1 tin hiéu nam &
55,99 ppm.

Phd IR cua céac phéi tur thu dugc c6 cac tin hiéu dac trung
cho su hinh thanh phéi tur boi tin hiéu dao dong hoa tri cua
lién két C=N xuét hién & 1613-1622 cm'. Dao dong hoa tri
ctia lién két O-H dugc thiy 1a tin hiéu yéu, rong trong ving
2551-2555 cm’. Cac dao dong v cua lién két C-N va C-O
xuét hién trong ving 1265-1276 va 1162-1192 cm’ twong
ung.

Tinh chit quang cua cdc salophen tf;ng hop dwoc

Tinh chat quang UV-Vis va huynh quang cia cac
salophen tong hop duoc dugc trinh bay trong cac gian dd
1va2.

Bang 1. Tinh chat quang clia cac salophen tdng hgp dugc.

Tén hop chit A, (€) Ao ()

Salophen 296 (26755); 335 (32595) 579 (335)
5-Clsalophen 294 (28175); 337 (28370) 598 (337)
5-t-Busalophen 296 (16155); 342 (18015) 606 (342)
5-MeOsalophen 294 (30795); 344 (31065) 594 (344)

Két qua phd hip thy UV-Vis cho thiy, phé UV-Vis cua
phéi tir khéng chira nhom thé salophen thuong cho 2 dinh
hap thy dang cha y & 296 nm véi hé s6 26755 M-'em! va
335 nm v6i hé sé €=32595 M-'em! (bang 1), c6 thé twong
g voi sy dich chuyén electron © — 7*. Khi ¢6 nhoém thé
thi cac phdi tor déu cho 2 dinh hip thu & cac budc song
tuong duong véi cac dinh hap thu cua salophen, cu thé
dinh hép thu thir nhit ndm & 294-296 nm, con dinh hép thu
thir hai dich chuyén nhe sang ving c6 budc song dai hon
0 337-344 nm, tuy nhién cuong do hép thu lai khac nhau
kha rd rét. 2 dinh hap thy cua phdi tir 5-t-busalophen déu
thip hon nhiéu so v6i cac dinh hip thu cua salophen voi
hé s6 e=16155 va 18015 M-'cm™, con véi 5-Clsalophen
va 5-MeOsalophen thi cho dinh héap thy thtr nhit cao hon
salophen véi hé sb €=28175 va 30795 M-'cm’ twong tng,
nhung dinh hip thy th hai lai thip hon salophen véi hé sb
£=28370 va 31065 M-'em twong tng. Tinh trén tong thé
thi kha nang hip thu UV-Vis ciia cac phdi tir thu duge 1an
luot s€ 14 5-MeOsalophen > salophen > 5-Clsalophen >>
5-t-Busalophen (gian d6 1). Nhu vay, cac nhoém thé & vi tri
5 trong vong salicyl da anh huong dang ké dén kha nang hap
thu UV-Vis ctia san phiam thu duoc.
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Gian do 1. Phg UV-Vis clia cac phéi tii salophen tdng hgp dugc.

Phé huynh quang cia cac san pham thu dugc khi kich
hoat & cac budc song tng voi dinh hap thu UV-Vis cuc
dai thr hai, cu thé kich hoat & 335, 337, 342 va 344 nm
cho céc phéi tir salophen, 5-Clsalophen, 5-t-Busalophen va
5-MeOsalophen tuong tmg. Két qua phd huynh quang thu
duoc cho théy cuc dai phat xa cua cac phéi ttr thu duoc lan
lugt ¢ 579, 598, 606 va 594 nm tuong Ung (bang 1), tuy
nhién véi cac cudng do phat xa thip hon kha nhiéu so véi
truong hop cua salophen, thap nhat 1a cua 5-MeOsalophen
(gian do 2).
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Gian db 2. Ph huynh quang ciia cac salophen thu dugc.
Keét luan

Qua nghién ctru nay, mot s6 salophen vo6i cac nhom
thé & vi tri 5 trén vong salicyl duoc tong hop dudi sy hd
trg cua siéu 4m dat hiéu sudt cao (>90%), cac dic trung
phé nhu ESI-MS, NMR, IR cua ching da dugc xac dinh
cho thiy cac két qua phd 1a phi hop véi cac san pham
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tong hop duoc. Tinh chit quang cta cac phdi tir tong hop
duogc ciing duge danh gia cho thiy, cac nhom thé da anh
huong rd rét dén kha ning hap thy UV-Vis va kha ning
phat xa huynh quang ciia cac san pham. Cu thé, kha ning
héip thu UV-Vis lan luot 1a 5-MeOsalophen > salophen >
5-Clsalophen >> 5-t-Busalophen, con kha nang phat xa
huynh quang 1a salophen > 5-z-Busalophen > 5-Clsalophen
>> 5-MeOsalophen, nhu vdy hop chit 5-MeOsalophen hap
thu UV-Vis tdt khong phai la chat phét huynh quang tot.
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Tom tit:

Pentaclophenol (PCP) d tirng dwoc dung phd bién lam thudc diét 6, cht khir tring, chat chéng moéi mot. PCP doc
v6i con ngudi, cé thé gy ung thw va di bi han ché tir nhitng nim 1980, nhung PCP vin con ton tai rong rii trong
mdi truwong. Nghién ciru nay tién hanh khio sit quy trinh phan tich PCP trong thirc in chin nudi trén thiét bi LC-
MS/MS. PCP dugc chiét bs‘Tlng phwong phap QuEChERS sit dung dung moi chiét 1a axetonitril cho hiéu suét cao
nhit so véi dung méi chiét 1a nuée va metanol. Dich chiét dwge phén tich bang sic ky 16ng 2 1an khéi ph véi ché d
ion h6a Am. Hiéu suit thu hdi PCP trong nén thirc dn chin nudi dat 91% tai giéi han phat hién ciia PCP trong miu
12 0,33 ng/g va gi6i han dinh hrong 1a 1,1 ng/g, sai s6 phép do CV% la 6,1. Ap dung quy trinh phén tich dwgc khio
sat vao phan tich 28 mau thirc An chiin nudi thu thap ngoai thi trwong va ham lwrgng PCP déu nhé hon gi6i han phat

hién cia phwong phap.

Tir khéa: LLC-MS/MS, Pentaclophenol, QuEChERS, thirc an chan nuéi.

Chi s6 phén loai: 1.4

Gidi thiéu chung

Pentaclophenol (PCP) 13 hop chét phenol duoc clo hoa,
c6 cong thirc phan tir Ia CHCLO (hinh 1). PCP tinh Kkhiét
ton tai dudi dang tinh thé khong mau hodc mau trang [1].
PCP timg dugc st dung lam thudc diét co, chét khir tring va
tac nhan khang khuan. Trudc ddy, PCP thuong dugc thém
vao chat két dinh, son, 16p phui gidy, hop chira dung, dic biét
1a thyc pham va ciing dugc sir dung trong da gidy, san xuét
gidy [2]. Tuy nhién, tir nhimg nam 1980, do phat hi¢n mot
s6 anh huong xau dén dong vat va con ngudi, PCP di bi han
ché sir dung [3]. PCP géy tc ché tong hgp ATP va amino
axit ty do, pha v& sy trao ddi chit cua sinh vat va anh huong
dén kha ning sinh san ciia mot s dong vat khong xuong
sdng [3]. PCP doc ddi véi con nguoi khi tiép xtc qua dudong
an ubng va ho hap. Hit phai PCP gay anh huéng dén than
kinh, mau, gan va gy kich ing mat. Tiép xtic véi PCP trong
thoi gian dai gdy tic dong 1én dudng ho hip, mau, than, gan,
hé mién dich, mat, miii va da. Co quan Bao vé méi truong
My (EPA) da phan loai pentaclophenol vao nhom B2, chit
¢6 thé gay ung thu ¢ nguoi [1, 3].

"Tac gia lién hé: Tel: 0917655657; Email: ngthngoc@yahoo.com
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Hinh 1. Céng thiic cau tao clia pentaclophenol.

Hién nay, thirc an chan nuoi phan 16n déu dung cac loai
cam dong g6i san v6i nhiéu chat phuy gia va chat bao quan
chong nam méc thay cho cac loai thirc dn c6 ngudn goc
tr thi€n nhién nhu thoc, cam gao hay rau trudc day. Thic
an chan nudi duoc xem la ngudn gbc chinh giy 6 nhiém
thuc phém co ngué)n géc tor dong vat [4]. Thuc phém bi 0
nhiém céc chét hoa hoc anh hudng 16n dén sirc khoe ciia con
ngudi, cac chat nay sé bi tich lily lién tuc qua chudi thirc in
va di vao co thé qua duong an udng. PCP 1a mot chat gay
6 nhiém hiru co kho phan hiy trong méi truong duoc cong
b  trong Cong udce Stockholm [5]. Nhiéu nghién ciru da tim
thiy PCP ¢ nue mat, nuée ngam va trong dat [6]. Nghién
clru trong tram tich nude ngot va sitta me dugc thu thap tu
chau thé song Chau Giang, Trung Qudc, PCP véi ham luong
trung binh trong tram tich séng 1a 7,93 ng/g, trong sira me 1a
2,15 ng/g [7]. St dung PCP s& lam chiing ton tai trong moi
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spectrometry (LC-MS/MS)
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Abstract:

Pentachlorophenol (PCP) was popularly used as
herbicides, disinfectants and protectors from wood-
eaters and white ants. PCPis a toxic substance that might
cause cancer in humans. Although it has been restricted
since 1980, the PCP is till existing in the environment
widely. The research was implemented to investigate
the optimal conditions for analytical methods of PCP
in animal feeding stuffs on LC-MS/MS equipment.
PCP was extracted by the QuEChERS method
using acetonitrile with a high extraction efficiency in
comparison with methanol and water solvents. The final
extract was analysed by liquid chromatography coupled
to double mass spectrometry which was operated in the
negative electro-spray ionisation mode. The recovery of
PCP in animal feeding stuffs was 91% at the PCP levels
for the detection limit of 0.33 ng/g and the quantification
limit of 1.1 ng/g with a coefficient variation of 6.1%. This
study applied the optimal analytical method to analyse
28 feeding stuff samples collected in the market and
results showed that PCP concentrations of all samples
were below the detection limit.

Keywords: animal feeding stuffs, LC-MS/MS,
Pentachlorophenol, QuEChERS.
Classification number: 1.4
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truong, thue pham va cudi cung 1a tich luy trong co thé con
nguoi. Do do, viée kiém soat sy c6 mat cua PCP trong thuc
an chan nuoi va thyc pham la thyc sy can thiét.

Hién tai, Viét Nam chua c6 phuong phap tiéu chuan nao
dé phan tich PCP trong thyuc pham ciing nhu thirc an chin
nudi. Nghién ciru nay tién hanh khao sat quy trinh phan tich
PCP trén thiét bi sic ky 16ng hai 1an khdi phd (LC-MS/MS)
cho nén mau thte an chin nudi va ap dung quy trinh phan
tich mot s thire an cho lon, ga, ca, cho, meo... dang duoc
ban trén thi truong.

Thuc nghiém
Héa chit, thiét bi

Tat ca cac dung mdi va hoa chat sir dung trong nghién
ctru nay déu c6 d6 tinh khiét pht hop cho viéc phén tich trén
thiét bi LC-MS/MS nhu axetonitril, metanol, nuéc deion,
mudi magé sulphat, mudi natri clorua, axit fomic, ammoni
formate. Chat chudn pentaclophenol (PCP, do tinh khiét
95%), chat ndi chuan pentaclophenol -3C6 (100 ng/pl) ciia
hang Cambridge Isotope Laboratories (CIL), My.

Mau sau khi xur Iy dugc phén tich trén thiét bi sic ky
long ghép noi hai lan khoi pho LC-MS/MS 8040 cua hang
Shimadzu, Nhat Ban.

Lay mau va chudn bi mau

Mau thirc dn chan nudi (28 mau) bao gdm cam cho lon,
ga, chim, ca va thirc an cho chd va méo duoc mua ngau
nhién ¢ cac cho trén dia ban Ha Noi. Mau mua vé duge
nghién nho béng cdi str, sau d6 tron déu. Cac dung cu trudc
khi sir dung dugc rira sach, trang bang nuéc deion, axeton
va metanol. Mau sau khi nghién nhé duoc bao quan lanh
& nhiét do -18°C chd phan tich. Mau dung dé khao sat quy
trinh duwoc chon la thirc an cho lgn. Thirc an cho lon 1a loai
hén hop cta nhidu thanh phan dinh dudng bao gom cam,
bot ngd, chat dam tir bot ca, bot dau, khoang chit... kha dai
dién cho thirc an chan nuoi.

Xir Iy méu

Ap dung phuong phap QUEChERS cho xiur ly mau thtre
an chan nu6i. Can mau 2.5 g (+0,10 g) cho vao ong chiét
polypropylene (PP) chia vach co nap 50 ml. Thém 20 pl
dung dich chat noi chuan PC,-PCP nong d6 1 ng/pl va thém
7,5 ml nudc deion roi dé yen trong 1 gio. Sau do, thém 10
ml dung méi chiét lic trong 1 phat. Tiép dén, thém mudi 4
g mageé sulphate va 1 g natri clorua vao dng PP va lic déu
bang thiét bi lic rung vortex trong 1 phut. Cudi ciing dung
dich dugc ly tim trong 5 phit voi tée do 1500 vong/phiit.
L6p dung dich hitu co ¢ phia trén duge hut ra 1 ml va cho
vao dng PP chia vach 15 ml. Mau dugc c6 can gan hét bang
khi nito va dinh muc tré lai 1 ml bang dung méi chiét. Mau
dugc lic vortex trong 30 gidy va loc qua mang loc nylon
kich thudc 16 0,2 pm va chuyén sang lo bom mau cho sic
ky long.
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Phan tich LC/MS-MS

Mau thirc an chan nuéi sau khi xir Iy dugc xac dinh bang
thiét bi sic ky long ghép nbi hai 1an khdi phdé LC-MS/MS
8040, Shimadzu, Nhat Ban. 2 pl dich chiét dugc bom vao
thiét bi véi cot Poroshell 120-EC18 (Agilent, M¥) (2,1 mm
LD. x 150 mml x 2,7 um), tién cot Zorbax Eclipse Plus -
C18 (2,1 x 12,5 mm x 5 pm) v6i kénh A 1a hdn hop gom 1
ml dung dich mudi ammonium (1M), dinh mtc dén 1000 ml
bang nude deion va 20 pl axit formic. Kénh B 1a hdn hop
gém 1 ml dung dich mudi ammonium (1M), 50 ml nudc
deion, dinh mirc dén 1000 ml bang metanol va 20 pl axit
formic. Tdc do dong 300 pl/phit, chuong trinh dung moi
bét dau v6i 45% pha dong B (0+1 phut) ting dan dén 92%
pha dong B (4+9 phut) trude khi giam vé 45% pha dong B
(9,516 phut), nhiét do cot tach duge duy tri ¢ 40°C. PCP
dugc ion hoa nho k¥ thuat ion héa phun dién tich (ESI) véi
ché do am tai thé 3,5 kV. Toc do khi phun swong 3 1N, /phat;
toc do khi lam kl}é 15 lNz{phﬁt; nhiét d6 thanh dan ion (DL)
250°C va ap suat khi buong va cham ion (CID) 230 kPa
Argon. Thong s6 MS/MS cho PCP va PCP-BC, duoc ligt ké
trong bang 1.

Bang 1. Céc thong s6 MS/MS cho phan tich pentaclophenol.

MRM . Thé  Thé  Thé
Tén chit Kyhiéu  dinh lugng m[m(}f)'h Ql CE Q3

(m/z) " ™M o
Pentaclophenol PCP 262,8 264,8 30 7 15
Pentaclophenol-C13 ~ PCP-°C, 272,85 2748 007 15

MRM (multiple reaction monitoring): ch& do quan trac phd khéi 2 lan.

Puong chuin dugc 1ap 7 diém theo phuong phap noi
chuén, nong d6 PCP tir 0+40 ng/ml, ndng d6 chét ndi chuan
BC,-PCP: 20 ng/ml, h¢ sO tuong quan cua duong chuan thu
duoc 1a rat tt R2>0,999 (hinh 2).
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Hinh 2. Sdc do chuidn PCP (1 ng/ml) va dudng chuan.
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Két qua nghién ciu
Khao sdt dung méi chiét miu

Can mau thic dn chin nudi lon cho vao 10 dng chiét
polypropylene (PP) 50 ml c6 chia vach va nép, moi 6ng
khoang 2,5 g mau. Thém 20 ul 3C 6-PCIt dung dich lam viéc
1 ng/pl va thém 7,5 ml nudce deion r6i dé€ yén trong 1 gio. Vi
pentaclophenol 1a chat phan cuc va phuong phap phan tich
lwa chon 1a sic ky long khdi pho nén chiing t6i lwa chon cac
dung méi phan cuc nhu axetonitril, metanol va nudc dé
khao sat. Thém mdi loai dung méi chiét vao 3 éng chiét PP
v6i thé tich mdi dng 10 ml, va lic trong 1 phat. Thyc hién
cac bude chiét tiép theo nhu trong quy trinh xir Iy miu ¢
trén. Ham lugng PCP trong mau thirc An chin nudi cho lon
v6i dung mdi chiét dugc thé hién trong hinh 3. Véi dung
moi chiét 13 axetonitril két qua thu duoc cho hi¢u sult va
d6 lap tbt nhét trong ca 3 dung moi chiét. Piéu nay co thé
giai thich 1a do nudc va metanol 1a cic dung méi rat phan
cuc, trong khi d6 axetonitril 1a dung méi phan cuc trung
binh, ¢ thé hoa tron véi nude va nhiéu dung moi hiru co.
Axetonitril ¢6 thé phan tach nhiéu hop chat ion va chat phan
cuc vira, do do no6 c6 kha ning chiét tach PCP tét hon nuée
va metanol.

Trén co s& khao sat 3 loai dung méi chiét, ching t6i lya
chon dung moi axetonitril lam dung méi chiét hop chat PCP.
Dung dich chuén PCP dugc thém vao nén mau thirc dn chin
nudi cho lon. Tién hanh xir 1y 5 1an mau lap dé xac dinh
hiéu suét thu hoi, d6 ldp cua phuong phap tai mot s ndng
d0 khac nhau.

Gidi han phdt hi¢n ciia thiét bi
Bom lap lai 7 lan dung dich chuén néng d6 0,5 ng/ml
véi céac didu kién phan tich LC-MS/MS. Giéi han phat hién

1o Calbwtion Curve/Spectnm View
Ccabane | tucm
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PCP- ACN (n=3)
Dung mbi chiét
Hinh 3. Ham lugng PCP trong mau thic an chan nuéi véi dung

mdi chiét 1a methanol (MeOH), nuéc (W) va axetonenitrile
(ACN).

(LOD) va gidi han dinh lugng (LOQ) cua thiét bi dugc tinh
3 va 10 1an do 1éch chuén két qua cua cac 1an bom. Béng
2 trinh bay két qua gioi han phat hién cua thiét bi LOD la
0,035 ng/ml va gioi han dinh lugng LOQ cua thiét bi 1a
0,115 ng/ml.

Bang 2. Xac dinh gi6i han phat hién cia thiét bi.

Tén miu Di¢n tich (A,,)  Diéntich (A) A, /A,
PCP.Std 03-0,5 ppb007.1cd 6,048 30,814 0,196
PCP-Std 03-0,5 ppb006.lcd 6,325 30,758 0,206
PCP-Std 03-0,5 ppb005.lcd 6,189 31,298 0,198
PCP-Std 03-0,5 ppb004.lcd 6,223 31,914 0,195
PCP.Std 03-0,5 ppb003.lcd 6,210 30,329 0,205
PCP.Std 03-0,5 ppb002.lcd 6,270 30,333 0,207
PCP.Std 03-0,5 ppb001.Icd 6,341 30,912 0,205
Trung binh 0,202
Do léch chuan (SD) 0,005
D9 léch chudn - SD (ng/ml) 0,012
LOD (3SD) (ng/ml) 0,035
LOQ (10SD) (ng/ml) 0,115

Hiéu sudt thu héi, @6 lip lai, MDL

Dua trén néng do LOQ cua thiét bi, két qua khao sat
dung méi chiét, hidu suét thu hoi, o lip lai va giéi han
phan tich ctia thiét bi dugc thuc hién trén nén 5 miu thuc an
cho lon dugc thém chuan 50 pl ndng do 100 ppb va 20 pul
IS ndng d6 1 ppm. Mau tring 1a mau thic n chi thém chat
n6i chuan IS. Gidi han phat hién ciia phuong phap (MDL) 1a
0,33 ng/g mau véi sai s6 CV 6,1%. Hiéu suit thu hoi duge
thé hién trong bang 3.
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Bang 3. Hiéu suat thu héi, do lap lai va MDL.

Nong dd Khéi Nongdd  Hiéu
trong dich lwong trong miu suét
chiét (ng/ml) miu(g) (ng/g) H (%)
PCP- MDL-0l.led 0,409 2,50 1,64 81,8
PCP- MDL-02.Icd 0,446 2,51 1,78 89,2
PCP- MDL-03.lcd 0,459 2,51 1,83 91,8
PCP- MDL-04.lcd 0,464 2,50 1,86 92,8
PCP- MDL-05.1lcd 0,485 2,51 1,93 97,0
Trung binh 1,81 90,5
Do léch chuédn (SD) 0,11
MDL (3SD) (ng/g) 0,33
CV(%) 6,1

Tur gidi han phat hién cua phuong phép la 0,33 ng/g
rnau chung toi kiém tra lai do lap lal hiéu suét thu hoi ctia
nén mau voi nong d6 PCP trong mau ¢& 40 ng/g mau. Mau
thirc an cho lon dugc thém 100 ul dung dich chuan PCP
nong do 1 ppm va 20 ul IS ndng d6 1 ppm. Thyc hién toan
bd quy trinh xir Iy mau v6i 5 mau lap va mot nén miu thire
an khong dugc thém chuan. Hiéu suit thu hoi thu duge dao
dong tir 89 dén 96% véi sai s6 CV 2,7%.

Phan tich mdu thuc té

Mau thirc 4n chin nudi dugc mua ngoai thi trudng bao
gdm thirc an cho chim (8 miu), ca (4 mau), lon (7 mau),
ga (5 mau), ch6 (2 mau) va méo (2 mau). Trong s6 do, 22
loai thire dn chin nudi duoc san xuét tai Viét Nam va 6 loai
thirc an chin nuodi dugc san xuat tai Thai Lan. Ap dung quy
trinh phéan tich chiét miu bing phuong phiap QuEChERS
voi dung moi axetonitril va dinh tinh, dinh lugng trén thiét
bi LC-MS/MS. Tit ca cac mau déu khong phat hién thiy
pentaclophenol. Piéu nay chimg t6 pentaclophenol khong
duogc st dung dé chéng mdi mot cho céac san phém nhu cam,
gao, ngii coc... hodc khong c6 sy phoi nhidm tir cac bao bi
dong goi.

Keét luan

Qua khdo sat quy trinh phan tich pentaclophenol trong
thirc an chin nudi sir dung quy trinh xir Iy mau bang phuong
phédp QUEChERS v6i dung moi axetonitril va dinh lugng
trén thiét bi sac ky 1ong 2 1an khdi phé, cho hiéu suét thu hdi
90,5%, do 1éch CV 6,1% va gidi han phat hién 0,33 ng/g mau
kho. Quy trinh tuong dbi don gian, thuén tié€n cho viéc kiém
tra chinh x4c ndng do pentaclophenol ¢ trong méu thirc dn
chan nuoi ndi chung va gidi han phat hién cia phuong phap
thip hon nhiéu tiéu chuin cho phép cua Uy ban chau Au
(EC No. 396/2005) di v6i du lugng thude bao vé thue vat
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trong thirc an cua con nguoi va vat nudi 1a 0,01 mg/kg [8].
PCP khong duoc phat hién thay trong 28 mau thirc an cho
gia stic va vat nudi tai Ha Noi, tuy nhién can ¢o nhiing khao
sat trén dién rong hon dé ¢ nhitng danh gia day du sy co
mdt PCP trong thirc an chan nudi hay khong.

LO1 CAM ON

Nhom nghién ciru xin cdm on Truong Dai hoc va Nghién
ctru Rikilt Wageningen (Ha Lan) di cung cip chét chuan va
méu kiém tra cho nghién ciru.
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Nghién ctru qua trinh phan hity ky khi chat thai
chan nuoi lgn va rac hiru co trong sinh hoat
nong thon deé sinh khi métan va phan hiru co

P6 Quang Trung", Poan Vin Huéng', Bui Duy Cam', Nguyén Thi Nham',
Nguyén Quang Minh2, Chu Xuin Quang®

"Truong Dai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha Noi
’Truong Bai hoc Hai Phong
3Vién Ung dung Céng nghé, Bé Khoa hoc va Céng nghé

Ngay nhan bai 13/11/2018; ngay chuyén phan bién 16/11/2018; ngay nhan phén bién 13/12/2018; ngay chap nhan dang 17/12/2018

Tom tit:

Ric thai hitu co sinh hoat dwgc phdi tron vao chét thai chin nudi lon trong mét thiét bi phan huy ky khi theo ty 1¢
xac dinh. Ba diy thi nghiém TN1, TN2, TN3 dwoc thiét 13p véi ty 1 chét thai chin nudi lon:rac thai hiru co lan lwot
12 100:0; 90:10 va 85:15. Két qua thu dwgc sau 25 ngay theo ddi cho thiy, hiéu suit loai bé CODs dat 61,77-69,93%,
cao hon so véi CODt 53,73-60,30%; thé tich khi sinh ra trong cic thi nghi¢m lan lwot 1a 107,31 ml/gCODt trong
TN1; 107,24 ml/gCODt trong TN2 va 108,40 ml/gCODt trong TN3. Khi sinh hoc sau khi xi ly loai b6 co, ham
lwrgng khi CH, ting tir 64-65% lén 81-90%; ham lwong khi H.S dap tng tiéu chuin sir dung cho dun niu (1 000
ppm). San pham thu duge tir qua trinh G bun sau biogas két ho’p véi rac thai hiru co cé thanh phan twong dwong voi
phén hitu co vi sinh dwoc quy dinh trong TCVN7185:2002.

Tir khéa: chit thai chin nudi, phan hiru co, rac thai hiru co.

Chi s6 phén logi: 1.7

Tong guan

Chat thai chan nudi lon 1a hdn hop bao gdm phan, thic
an thira, nudc tiéu, nude ria chuéng trai... Pay la loai chét
thai ddc trung, bién dong rat 1on va phy thudc vao nhiéu yéu
t6 nhu quy md chan nudi, giéng, dd tudi vat nuoi, ché do an
ubng, nhiét do, d6 am trong chudng, cach vé sinh chudng
trai... Theo tac gia Vi Dinh Ton va cong su, lugng phan thai
ra hang ngay bang 6-8% trong luong lon [1]. Quy trinh xir
1y cht thai chan nuéi lon pho bién hién nay 1a chét thai chan
nudi duge dua vao hd ky khi c6 phu bat hoac ham biogas,
qua ao/hd sinh hoc sau d6 x4 truc tiép ra kénh muwong. Mic
du hau hét cac trang trai déu da ap dung mot hoac mot vai
phuong phéap dé xtr 1y chét thai, tuy nhién, chat luong nudc
thai sau xir Iy déu chwa dat tiéu chuén xa thai [2]. Bén canh
do, xu 1y rac thai sinh hoat khu vuc ndng thon hién nay cling
dang la van dé thu hat sy quan tam cua cac nha khoa hoc,
nha quan ly. Vi dic thu gidu cac nguyén t dinh dudng (N,
P) ctia chat thai chan nuoi lon va giau hop chat hydrocacbon
cta rac thai sinh hoat hiru co, viéc két hop xtt 1y hai loai chét
thai nay trong mot qua trinh ddng phan huy ky khi hira hen
nhiing két qua trién vong.

Trén thé gidi da c6 mot s6 nghién ctru két hop xir 1y hai

"Tac gia lién hé: Email:doquangtrung@hus.edu.vn
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loai chét thai nay. J. Jiménez va cac cong su da tdi vu hoa
hoat dong cua vi sinh vat sinh khi métan trong qua trinh
d6ng phan huy ky khi & nhiét d6 thuong (mesophilic) va wa
nhiét (thermophilic) ciia phan lon va rom ra cho théy, lugng
khi métan thu duogc tang dang ké [3] Sheng Zhou va cac
cong sy dd nghién ciru vé sy bién doi ctia cong dong vi sinh
vat trong qua trinh phan huy ky khi va nhiét cia phan lon
v6i ty 16 khac nhau ciia rom ra, két qua thu duoc cho thiy
cac nhom methanogenic cua Methanothermobacter chiém
vu thé trong tt ca cac mau co ty 16 C/N cao [4]. O Viét
Nam, dong phéan huy ky khi mé&i duoc 4p dung thir nghiém
mot s6 mo hinh xir Iy bun thai d6 thi. Trong nghién ciru cia
minh, Nguyén Viét Anh va cong su da nghién ciru xtr 1y két
hop bun ty hoai va rac thai hitu co bang phuong phap sinh
hoc ky khi ¢ ché d6 1én men nong Céc két qua cho thay hiéu
suat xir Iy COD dat kha cao (x4p xi 80%), ty 16 CH , trong
khi biogas dat tir 65-70% [5].

Thuc nghiém
Chudn bi nguyén vit liéu
Nguyén liéu cho hé nghién ciru dong phan huy ky khi:

- Chét thai chin nuéi lon duoc léy tai hd thu gom, trudc
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Abstract:

Household organic waste was mixed with pig farming
waste in anaerobic digestion equipment at a specified
rate. Three experimental series TN1, TN2, and
TN3 were established with the ratio of pig farming
waste:household organic waste 100:0, 90:10, and 85:15,
respectively. The results obtained after 25 days of
follow-up showed that the efficiency of COD removal
was from 61.77 to 69.93%, higher than COD removal
from 53.73 to 60.30%; the volume of gas generated in
the experiment was respectively 107.31 ml/gCODt in
TN1, 107.24 ml/gCODt in TN2 and 108.40 ml/gCODt in
TN3. Biogas after the treatment of eliminating CO,, CH,
content increased from 64-65% to 81-90%; H,S content
met the standard for cooking (1,000 ppm). The products
obtained from the post-biogas composting combined
with household organic waste had the same composition
as the microorganic organic fertilizer as specified in
TCVN7185:2002.

Keywords: livestock waste, organic fertilizer, organic
waste.

Classification number: 1.7
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khi xa vao bé biogas tai trang trai nha gia dinh 6ng Ding
Viét Toi - thon Luong X4, xa Lam Dién, huyén Chuong
My, thanh pho Ha Noi.

- Mau rac thai sinh hoat hitu co dugc léy tai trang trai
nha gia dinh 6ng Pang Viét Téi va bii rac tap trung thon
Luong X4, xd Lam Dién, huyén Chuong My, thanh ph6 Ha
Noi.

Rac thai hitu co dugc xay nhd, loc qua sang kich thudc
mit ludi 1 mm, sau d6 tron dong thé véi chit thai chan nudi
lon va nap vao 2 pilot nghién ctru c6 thé tich 1 m? hoat dong
ddng thoi. Cac chi tiéu dic trung trong qua trinh nghién ciru
duge xac dinh doc 1ap va lay két qua trung binh.

Hinh 1. M4u ric thai hiiu co st dung trong nghién ciu.

Ba thi nghiém duoc thiét 14p bao gdm: TN 1: mau chat
thai chan nudi lon (CTCNL), TN 2: mau CTCNL + 10%
chit thai sinh hoat hitu co (CTSHHC), TN 3: mau CTCNL
+15% CTSHHC.

700 1 mau mdi loai durge nap vao hé pilot thir nghiém c6
dung tich 1.000 1. Mdi thi nghiém dugc lap lai 2 lan; cac chi
tiéu duoc xac dinh doc lap va lay két qua trung binh.

Nguyén ligu cho hé xu Iy khi sinh hoc:

Khi sinh hoc duoc trich truc tiép tr hé théng 6ng dan khi
clia trang trai, bom vao pilot xtr 1y va két nbi voi bép dun tai
trang trai. Thanh phan trude va sau khi qua pilot duoc lay
dinh ky va xac dinh thanh phan.

Nguyén li¢u 1 phdan compost:

Bun thai sau qua trinh phan huy ky khi dugc lam kho
ti nhién két hop voi rac thai hitu co (46 4m 50-60%) dugc
tién hanh 0 phan compost két hop véi ché pham Sagi. Mot
s6 chi tiéu dic trung cua san pham duoc x4c dinh boi Vién
Moi truong Nong nghiép, Vién Khoa hoc Nong nghiép Viét
Nam.

Phwong phdp ldy mdu, bdo qudn va phén tich

- Mau CTCNL duoc léy tai hd gom, Vi tri sau chuéng
nuoi va trude khi xa vao beé biogas cuia trang trai, dugc bao
quan va xtr Iy theo TCVN 6663-3:2008.

- Céc chi tiéu COD, TP va NH,"-N dugc xac dinh theo
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SMEWW 5220B:2012, SMEWW 4500P.B&D:2012 va
SMEWW 4500NH,.B&F:2012 trong “Cac phuong phap
tiéu chuan phan tich nudc va nude thai” (My) [6].

Thiét bi nghién ciru

Thiét bi dong phén huy ky khi:

H¢ nghién curu gém 1 bé dung tich 1.000 1. C6 ctra nap
mau phia trén; bom khqu tudn hoan (hoat dong 30 phut/2
gi0); hé théng 6ng léy mau, khi sinh hoc; déng hd do ap suét
va luu luong ké. Khi sinh ra dugc do dinh ky 1 lan/ngay
trong 25 ngay.

Hinh 2. Hé nghién ctiu dong phan huy ky khi.

| S LA BIEM TRIEN Kiar sk |1
DETAI CAP QUOC GIA oo
dyng, b

thip, chéng chiu cao {ang phd v bién d8i khi hau tai khu vire
néng thén déng bing BizB4

IKH.02/16-20

Thudaghuong tr va 6Bng nghé (g phé véi bién ddi

ki W quin 1§ 13§ nguein va mi truomg giai doan 2016-2020"

laana cng s zaina Bm Bona 1vc hoc thuy kni Moi truomg,
BEhoa hoc Ty nhién

Hinh 3. Hé thong xt ly khi sinh hoc.
Thiét bi xir Iy khi sinh hoc:

H¢ xur 1y phuc hqp‘ loai bo kl,li CO, va H,S nhu trong
hinh 3. H¢ xtr Iy bao gdm 2 ¢4t hap thu dung tich 30 I chira
dung dich hép thu NaOH va 1 c¢ot hép phu chtra than hoat
tinh bién tinh bang sit kim loai va oxit sit (III).

Khi biogas tir hé thong chuyén hoa chét thai chin nudi s&
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duoc suc 1an luot vao 2 cot ha?ip thu chira dung dich NaOH.
O day CO, va H,S sé bi giir lai trong dung dich do phan tng:

CO, + 2 NaOH => Na,CO, + H,0
H,S +2 NaOH => Na,S + 2 H,0

Khi sau khi qua 2 ¢t hdp thu bang dung dich s& duoc
dan vao cot hép phu chtta than hoat tinh dugc bién tinh v6i
sat (IIT) oxit. O day lugng st, con du s€ dugc hép phu trén
than hoat tinh trude khi khi ti€p tuc dan vao sur dung.

Két qua va thio luan
Két qud vdn hanh thiét bi dong phéan hiiy ky khi

Mot s6 chi tiéu ddc trung ciia mau truée va sau nghién
cuu:

Mot s6 chi tiéu dic trung ciia miu trude va sau nghién
ctru duoc trinh bay ¢ bang 1. Co thé thiy, so voi cac mau
con lai, mdu CTCNL (TN1) ¢6 ham luong cac nguyén to
dinh dudng (N, P) 16n hon, trong khi céc chi tiéu khac nhu
COD, TS, TSS lai thép hon so v&i hai mau con lai. Sau khi
phdi tron ty 18 CODE:N trong TN1 14 21,6:1; trong khi & céc
mau c6 phdi tron véi chit thai hitu co co ty 16 twong tng tir
48,2:1 (TN2) dén 58,4:1 (TN3), gan hon so v&i ty 16 COD:N
tbi wu 70:1 [6].

Bang 1. Mgt s8 chi tiéu dic trung clia mau nghién ciu.

Trwéc nghién ciru

Chi tiéu TN1 TN2 N3

pH - 6,60,1 6,8+0,1 6,8+0,1
CODt (mgO,/1) 8.560+239 16.865£523  19.978+576
CODs (mgO,/1) 3.550£167 6.751£211 8.171£250
TP (mg/l) 105,9+4,1 96,8+3,2 97,3+3.,5
NH,"-N (mg/l) 327,6+1,8 290,5+1,6 285,2+1,8
TN (mg/l) 396,2+2,0 350,7+1,3 342,2+1,6
TS (g/1) 8,514+0,125 14,23240,237 18,921+0,315
CODt:N 21,6 48,2 58,4

Sau 25 ngay van hanh

Chi tiéu TNI TN2 TN3

pH 7,0£0,1 7,1£0,1 7,0£0,1
CODt 3.961+154 6.244+216 7.931£257
CODs 1.357+£109 2.132+193 2.502+152
TP 102,1£2,1 92,7+1,2 94,8422
NH,-N 247,5+1,5 182,0+1,1 184,0+1,8
TS 3,822+0,008  5,730+0,013  6,960+0,011

CQDt/s: chemical oxygen demand total (nhu cau oxy hod hod hoc); t: total
(tong), s: soluble (hoa tan)

Sau 25 ngay van hanh, c6 thé thiy cac gia tri COD cb
su giam dang Kké, trong d6 hiéu suét loai b6 CODs (tr 61,77
dén 69,93%), cao hon so v6i CODt (tir 53,73 dén 60,30%).
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Gia trj tong photpho hau nhu khong thay ddi trude va sau
qua trinh thuc nghiém, trong khi nong d6 NH . -N va gia tri
TN c¢6 su thay doi kha rd rét. Tong chat ran (TS) ciling 1a
thong sé quan trong danh gia hoat dong ciia qua trinh phan
hay ky khi d6i véi mdi hé nguyén liéu dau vao nhat dinh,
gi4 tri TS giam cang nhiéu thi hiéu qua cta sy phan huy ky
khi cang 16n. Két qua hiéu sut loai bo TS lan luot & TN1
14 55,11%; TN2 59,73% va TN3 63,21%. Két qua nay kha
tuong ddng voi cac gia tri COD & trén va phu hop véi thé
tich khi thu dugc tr cac thi nghiém.

Thé tich khi sinh hoc:

Khi biogas sinh ra trong qua trinh 1én men yém khi ban
chat 12 sy phan huy cac chat hitu co c6 trong mau nghién
curu, do do, n6 lién quan mat thiét dén cac gia tri COD, TS,
TSS, TVS... trong nguyén liéu dau vao. Qua trinh theo ddi
dién bién thé tich khi sinh ra trong cac thi nghiém duoc ghi
nhan trong bang 2 va hinh 4. Trong 2 ngay dau tién, nhém
nghién ctru thye hién can chinh va kiém tra d6 kin cua toan
bd hé thdng nén thé tich khi sinh ra trong nhitng ngay nay
khong duoc ghi nhan.

Tir cac sb liéu thu dugc trong biéu do hinh 4 va bang 2,
¢6 thé thdy, qua trinh sinh khi chia ra 1am 3 giai doan 13 rét:
giai doan hinh thanh va phat trién hé vi sinh vat (tir khi bat
dau dén ngay thir 8); tiép theo 1a giai doan phat trién cuc
thinh (tir ngay thir 10 d&én ngay thir 14); cudi cing 1a giai
doan suy thodi tir sau ngay thu 16.

Bang 2. Thé tich khi sinh ra trong 25 ngay.

Khoa hoc Tu nhién n—

1/700 1 mau; mau TN3 ¢6 lugng khi sinh ra 16n nhat 1a 1.516
1/700 1 mau.

Nhu vy, thé tich khi sinh ra trong trong cac thi nghiém
lan luot 12 107,31 ml/g CODt trong TN1; 107,24 ml/gCODt
trong TN2 va 108,40 ml/gCODt trong TN3. Cac két qua thu
duogc kha phu hop voi mot sé nghién ciru khac vé dong phan
huy ky khi [7].
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Hinh 4. Biéu do lugng khi sinh ra trong qua trinh phan hy.

Dadnh gid hi¢u qud ciia hé thiét bi logi b6 khi COo,va
H S trong khi biogas

Dé danh gia hiéu qua xtr 1y khi cia thiét bi, ching t6i lay
mau khi trude va sau khi di qua thiét bi dé phan tich thanh
phan CH,, CO, Va H,S, ddng thoi st dung khi sau xir 1y cho
hoat dong dun nu hang ngdy cla trang trai. Két qua phan
tich duoc trinh bay trong bang 3.

Tir két qua thu dugc cho thdy, thiét bi xir 1y khi da loai

Bon Vil bo trén 60% luong khi CO, trong khi sinh hoc, qua d6 nang
0,
Ngay TN1 TN2 N3 Ngay TNI TN2  TN3 ty 1€ khi CH, tr 64-65 1én 81 90%. Piéu nay gitp cho bép
dé dang bat chay khi khoi dong, dong thoi ting nhiét lugng
3 325 952 >:16 15 57,54 10964 10234 va hi€u qua dun cua khi. Bén canh do, ham lugng H,S cling
4 771 1652 2035 16 31,62 80,10 78,58 giam dudi mirc cho phép, gop phan giam mui hoi va ting
5 653 2669 2396 17 2112 5976 5721 tuoi tho ctia dyng cy dun nau.
6 14,42 44,46 26,69 18 2527 40,83 44,46 Bé’mg 3. Thanh phén CH4 va C02 trong ITISU khi biogas truéc va
sau xu ly.
7 13,65 37,04 7623 19 19,52 19,05 33,06
CH, (%V) CO, (%V) H,S (ppm)
8 1821 43218 101,64 20 19,06 1582 12,69 Diuvio Diura Diuvio Diura Diuvio Daura
9 2503 6230 12198 21 1,69 2247 2051 Sau5ngdy 6522 87,12 33,02 11,14 2707 678
Sau38ngayy 6481 89,76 34,14 10,52 2220 603
10 38,66 9282 148,66 22 854 1409 16,19 Sau90ngdy 66,54 84,12 3235 1415 1982 550
Sau 125
11 5507 121,98 169,20 23 12,72 1344 2541 ‘ 6381 8134 3571 1811 1393 561
nga
12 7424 160,10 14620 24 7,14 994 17,10 £y
13 87,57 127,05 130,92 25 3,72 12,25 13,32 Qua theo doi ctia nhom thlén cuu, thoi gian su dl}llg
] bep dun nau trung binh 1 ngay 1a 3 gio; luu luong khi sur
14 78,12 127,09 120,79 Téng 643 1266 1516

Két qua thu duoc ciing cho thdy, mau chi c6 CTCNL
(TN1) luong khi sinh ra thap nhat, gia tri trung binh dat 643
1 khi/700 1 mau; tiép dén 13 mau hdn hop TN2 dat 1.266
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dung dun néu 25 I/phut; thé tich khi st dung (di qua hé xu
1Iy) 1 ngay: 3 x 60 x 25 =4.500 1 = 4,5 m*/ngay, ngon lira
mau xanh hoan toan khong c6 mui hoéi nhu truée khi xir 1y.
Sau 4 thang van hanh tai trang trai (xdp xi 540 m? khi), cac
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dung cu dun nau va bép khong c6 dau hiéu bi an mon va
mudi

U phén compost

Mau bun dugc ldy tir bé sau biogas (200 1) va dé rao
nudc trong 2 tuan. 300 kg phu pham néng nghiép (la bép
céi - 1dy tai canh dong thon Pai Tir; cay o, rau mudng don
trang trai tai trang trai nha 6ng Pang Viét Téi) duoc phoi
tai dé giam do am, cét nho (1-5 cm), tron déu véi bun sau
biogas (téng thé tich xdp xi 1 m?) va 100 g ché pham sinh
hoc Sagi. Bo 4m clia mau sau tron 1a 70%. Két qua theo doi
cac chi sb nhiét do, do 4m trong qué trinh G dugc trinh bay
o bang 4.

Bang 4. Nhiét do va do 4m trong qua trinh G phan compost.

Ngay thir 1 6 10 14 17 21 32 40
Nhigtdo (°C)  34#0,5 59+0,5 56405 55+0,5 46+05 44+0,5 40£0,5 38+0,5
Do am (%) 70,0 62,3 59.7 569 556 553

Tir s6 liéu theo ddi nhiét d6 va do am c6 thé thay, nhiét
d6 ting manh trong 6 ngay dau. Day la giai doan cac vi sinh
vat phét trién manh, do d6, can phai dao tron 2 ngay/lan dé
tranh nhiét do ting quéa cao (trén 65°C) dan dén chét hé vi
sinh vat. Tir ngay thir 10 dén ngay thtr 14 nhiét d¢ twong d6i
6n dinh, sau d6 giam dan dén ngay thtr 40 nhiét do gan nhu
can bang véi nhiét d6 moi truong.

Bang 5. Mot s8 chi tiéu dac trung clia san phdm phan compost.

Chi tiéu d4nh gia Ham lugng TCVN7185:2002
D6 4m (%) 53-55 <35

Téng hitu co (OM) 43,55+2,35 >22

Téng cacbon hitu co (OC)  25,32+1,24 =

P,0, 2,79+0,20 >2,5

N téng s6 1,0120,15 >2,5

K,0 1,08+0,12 >1,5

Két qua phan tich mot sb chi tidu ddc trung cua phan
compost trong bang 5 cho thdy, mun hitu co thu duoc tir xtr
1y bun thai sau biogas ctia chat thai chan nudi lon két hop
hop rac thai hitu co co chat luong tdt, ham luong hitu co dat
trén 40%. Cac nguyén té dinh dudng (N, P, K) dat va xép xi
dat so véi cac chi tiéu k¥ thuat ddi voi phan hitu co vi sinh
duoc quy dinh trong TCVN7185:2002.

Két luan

Trong nghién clru nay, chiing t6i da thur nghi¢m kha ning
ddng phan huy ky khi chat thai chin nudi lon két hop véi
rac thai hitu co khu vuc ndng thon trén hé pilot c6 dung tich
1 m?, danh gia kha nang loai bo thanh phan CO,, H,S trong
khi sinh hoc tir qua trinh 1én men yém khi va sir dung bun
sau biogas két hop v6i phu pham hiru co dé u phan compost.
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Két qua budc dau cho thiy, sau khi phdi tron 10-20% rac
thai hitu co v6i chit thai chan nudi lon cho hiéu qua sinh khi
va loai bé mot s6 chi tiéu dic trung trong chét thai (COD,
TS) rét trién vong. Khi sinh hoc sau khi xu 1y loai bo Co,,
ham lugng khi CH, tang tir 64-65 1€n 81-90%; ham lugng
khi H,S dap Gng ti€u chuén st dyng cho dun néu (1.000
ppm). San pham thu dugc tir qua trinh U bun sau biogas két
hop véi rac thai hitu co ¢6 thanh phan tuong duong véi phan
hitu co vi sinh dugc quy dinh trong TCVN7185:2002.

LOI CAM ON

Nghién ciru nay dugc tai trg bdi Chuong trinh khoa
hoc va cong nghé ung pho véi bién dbi khi hau, quan Iy
tai nguyén va moi truong giai doan 2016-2020 cua B Tai
nguyén va Moi truong thong qua dé tai ma s6 BPKH.02/16-
20. Nhom nghién tran trong cam on gia dinh 6ng Pang Viét
Té6i - thon Luong X4, xd Lam Dién, huyén Chuong My,
thanh ph Ha Noi d tao diéu kién thuan loi trong sudt thoi
gian thyc hién nghién ctru nay.
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D4nh gi4 dfc tinh ciia thuoc trir siu endosulfan
dén sinh trwong cua Daphnia magna

Nguyén Xuén Tong'?, Tran Thi Thu Huwong®

"Vién Khoa hoc Céng nghé va Qudn Iy Méi truong, Trieong Pai hoe Cong nghiép TP H6 Chi Minh
’Hoc vién Khoa hoc va Cong nghé, Vién Han lam Khoa hoc va Cong nghé Viét Nam
SKhoa Méi trieong, Truong Dai hoc Mo - Dia chat

Ngay nhan bai 15/10/2018; ngay chuyén phan bién 25/10/2018; ngay nhan phan bién 26/11/2018; ngay chip nhan dang 30/11/2018

Tom tit:

Giap xac Daphnia magna c6 nhiéu dic diém ndi bat nhw dé nhan biét va dé kiém soat véi cac chét chira doc td, phan bd
rong, sinh sin nhanh bing hinh thirc trinh san trong thoi gian ngin, nén né dwgc sir dung trong nhiéu nghién ciru khoa
hoc nhw mét sinh vat mé hinh chuén dé thir nghiém ddc tinh trong médi trwdng sinh thai thiy sinh. Nghién ciru nay nhim
danh gia doc tinh ciia thude trir siu endosulfan 1én sinh tru’o’ng cuia giap xac D. magna. Thudc trir sdu endosulfan Ia
héa chit bao vé thue vat ho clo hiru co, mot nhom chét hiru co bén, c6 kha nang gay roi loan noi tiét, anh hwéng dén hé
than kinh, giy cac tac dong x4u cho ndi tang va gay nguy hiém cho con nguoi. Nong d¢ endosulfan dwgrc lya chon trong
nghién ctru nay dao dong tir 0 (miu doi chirng) dén 0,5 pg/l. Sau 48h phoi nhiém, t 1 chét ciia D. magna cao nhat dat
97% ¢ ndng d9 0,5 pg/l. Gia tri LC,, ghi nhén tai thoi diém 48h 12 0,129 pg/l.

Tir khéa: anh hwéng, D. magna, ddc tinh, endosulfan, ty 1¢ chét.

Chi s6 phén logi: 1.7

M6 dau

Hoa chat bao vé thyc vat ho clo hitu co (OCPs) 1a dang
hoa chét ty nhién hodc tong hop c6 kha ning lam rdi loan
noi tiét, e ché sinh trudng va 1a nhimg hop chit khé phan
hay, t6n luu 1au dai trong nude cling nhu trong tram tich, co
kha nang tich lily sinh hoc thong qua chudi thirc an va tac
dong bat loi dén stc khoe con ngudi va sinh vat [1]. OCPs
bén viing trong moi trudng va c6 thoi gian ban phan huy
dai (ttr 1-3 thang t6i 2-6 nam) [2], khi bi phan huy OCPs c6
thé bién ddi thanh nhimng chét c6 doc tinh cao hon rat nhidu
14n so véi chit ban dau. Mit khac, cac hop chat OCPs it tan
trong nudc, tan tot trong md md cua cac loai dong vat nén
khi xam nhép vao co thé chung it bi dao thai ra ngoai ma
dugc tich luy lai trong cac mé du trlt cua sinh vat va c6 kha
ning tic dong dén hé sinh thdi, sirc khoe con ngudi trong
thoi gian dai [1]. Endosulfan 1a hoa chat bao vé thyc vat
thudc nhom OCPs, gbc cyclodiene, co nguy co gdy doc than
kinh. Ching ton tai & dang kem mau ndu dat, phan ung dudi
dang tinh thé hodc dang “bong tuyét”, co mui gidng mui cta
nhya thong va khong chay [3] Hang nam, trén thé gidi co
khoang 18.000 dén 20.000 tan endosulfan da dwoc san xuit,
trong d6 An P9 san xuit khoang 10.000 tin; Trung Qudc
khoang 5.000 tan, con lai 1a Israel, Brazil va Han Quoc [3].
Khi phoi nhiém qua duong tiéu héa vai lidu luong 1a 260
mg/kg, endosulfan s& gdy tr vong cho ngudi. Trén thé gidi,

cac qudc gia di cam két ngimg st dung hoa chat bao vé
thuc vat endosulfan va du dinh chdm dt hoan toan vao nam
2016 [3, 4]. Tuy nhién, viéc tiéu thu thude trir su ciing nhu
phan bon tai Viét Nam da va tiép tuc tang 1én dang ké trong
nhitng thap ky qua ctng véi viée phét trién va co khi hoa
nganh nong nghiép. San luong va gia tri nhap khau thudc trir
sau qua duong tiéu ngach da ting nhanh chong, tir 6.500-
9.000 tin/nam (trong nhimg nam 1981-1986) 1én 100.000
tan/nim (ndm 2015) va gia tri nhap khau ting tir 427 triéu
USD (ndm 2008) 1én gan 700 triéu USD (nam 2015) [5].

Endosulfan c6 hai dang dong phan bao gdm a-endosulfan,
B-endosulfan hodc dan xuat endosulfan sulphate [2]. Dt ton
tai & dang nao, hoa chét nay ciing rat doc ddi vai co thé sinh
vat, chung co thé gdy doc man tinh, cép tinh, anh hudng toi
sinh san, lam di dang phdi bao... [6, 7]. Két qua nghién ctru
cua Palma va cong su (2009) vé anh hudng cua endosulfan
dén sinh truong va phat trién cia giap xac D. magna di chi
ra rang, endosulfan 1am giam ty 1¢ con non va kich thudc
con meg, tang ty 1€ phdi di dang va ty 1€ con duc & tat ca
cac ndng do thir nghiém (tir 9,2 dén 458,7 mg/l) [7]. Kha
nang sinh san, sinh truéng va ty 1& séng sot cuia con non
moi sinh ra di giam dang ké khi tiép xtc v6i cac khoang
néng d6 0,12; 0,15; 0,20; 0,25 va 0,31 mg/1 endosulfan sau
21 ngay thir nghiém [8]. Rdi loan néi tiét ctia D. magna
da dugc ghi nhén trong nghién ctru cia Palma va cong su

‘Tdac gia lién hé: Email: tranthithuhuong@humg.edu.vn; huonghumg@gmail.com
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Abstract:

The crustacean D. magna is used in many scientific
researches as a model organism for testing the toxicity
in the aquatic environment because of its unique
features such as easy to identify and easy to control toxic
substances, wide distribution, and quick reproduction
under the form of parthenogenesis in a short time. This
study aims to assess how the toxicity of endosulfan
pesticides affects the growth of D. magna. The pesticide
endosulfan belongs to the group of organochlorinated
pesticides (OCPs), a persistent organic substance group,
which is capable of causing endocrine disruption,
affecting the nervous system, causing adverse effects
on the internal organs, and causing other dangers for
human. The endosulfan concentrations which were
selected in this research varied from 0 (control) to 0.5
ng/l to study. After a 48h exposure, the highest death
rate of the D. magna was 97% at the concentration of
0.5 pug/l. The LC,, value recorded at 48 hours was 0.129

ng/l

Keywords: Daphnia magna, effect, endosulfan, mortality
rate, toxicity.

Classification number: 1.7

(2009), két qua nghién ctru cho thiy ca hai loai thudc trir sau
atrazine va endosulfan sulphate déu lam tang sy phét trién
bét thuong cua phoi thai, can tré qua trinh 16t xac va gian
doan hé thdng ecdysteroids & dong vét giap xac bang cach
diéu khién hormone 20-hydroxyecdysone [9]. O Viét Nam,
endosulfan da bi cdm sir dung vao nam 2011, song nong dan
van sir dung loai thude nay mot cach hét stre tuy tién, tham
chi endosulfan con dugc pha vdi cac loai hoa cht bao vé
thuc vat khac nham tang kha nang trir sdu cua thude [4, 5,
10, 11]. Pau nam 2015, doan kiém tra lién nganh S& Nong
nghiép va Phat trién nong thon Ha Noi da kiém tra, phat
hién va bat giit 41 chai loai 100 g/chai thudc bao vé thuc vat
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da bi cAm su dung la endosulfan tai xa Tién Phong, huyén
M¢ Linh, Ha Noi [4]. Endosulfan dugc st dung véi lidu
luong thiodan 35ND phun 3 kg/ha, nong dan ¢ huyén Co
Do, Can Tho da lam gia ting ham lugng endosulfan trong
nudce rudng va nude kénh ngay sau khi phun (593 va 390
ng/l). Két qua da lam cho cé chét, thiét hai ngudn loi thiy
san ty nhién trén déng ruong. Miac du du luong endosulfan
trong hat laa (bién dong tir 9-18 pg/kg) con rat thap so voi
tiéu chuan moi truong nhung van cao hon 2-3 lan ngudng
t6i thiéu c6 nguy co gy hai cho con ngudi [12].

D. magna (hay con goi la rin nudc, bo nudc) 1a loai giap
xéac nude ngot thude ho Cladocera. Ching phan bé rong vai
nhiéu loai khac nhau nhw: D. lumholizi, D. cornuta... c6
céu tao co thé hinh bau duc, c6 vo giap boc ngoai, phan dét
co thé khong 13 rang. D. magna c6 thé an nhiéu loai thirc
an khac nhau nhung chu yéu 1a cac loai tio don bao twoi, vi
khuén, ndm men... [13, 14]. D. magna sinh san theo kiéu
trinh san (con me chi dé ra con cai), thoi gian phat trién
tuong d6i nhanh chi tir 7 dén 8 ngay va phat trién tot nhat &
211°C. Do dic diém sinh san v6 tinh nén khi gap diéu kién
bat loi s& xuét hién tring den trong ti 4p va nd ra con duc.
Co thé D. magna ciing c6 nhiing thay d6i rd rét dé phan tmg
lai doc & ctia moi truong, dé dang nhan biét va dé kiém soat
nén nd duge st dung trong nhiéu nghién ctru khoa hoc nhu
mot sinh vat mo hinh chuan dé thir nghiém doc tinh ctia moi
truong nude [13, 14]. O Viét Nam, nghién ctru doc tinh cia
hoéa chit bao vé thue vat da duoc nhidu bo céo dé cap, cong
bb, tuy nhién anh huéng doc tinh cia chung dén méi truong
sau khi sir dung va dén sinh truong, phat trién cta sinh vat
phii du van con kha han ché. Vi véy, nghién ctru nay dugc
thuc hién dé danh gia ddc tinh cua thudc trir sdu endosulfan
dén kha nang sinh truéng va phat trién cia dong vt phu du
D. magna.

Vat liéu va phuong phap nghién ciiu
Thuéc triv sdu endosulfan

Endosulfan tinh khiét 99% c6 ngudn gde tir Merck, c6
kha nang tich tu lau trong tuy nhién, kh6 hoa tan nén duogc
hoa tan trong dung moéi khong phan cyc dimetylsulfoxide
4h trude khi thi nghiém. Tét ca cac thi nghiém dugc thuc
hién véi ndng d6 endosulfan bd sung 1a 0 (mau ddi ching)
va 0,1; 0,2; 0,3; 0,5 pg/l (mau thi nghiém).

D. magna

Dé D. magna thich nghi véi méi truong dinh dudng va
diéu kién nuodi cdy trong phong thi nghiém, D. magna thuan
chung thu nhan tr Phong Bdc hoc sinh thai - Pai hoc Lige
(Bi) dugc nudi trong méi truong M4 (ISO 6341:2012), diéu
kién nuéi nhu sau: nhiét do khoang 21+1°C, chu ky sang:tbi
12 16:8 gio v6i cuong do chiéu sang tir 500-800 lux, khong
duoc vuot qua 1.000 lux dé tranh su phat trién cua tdo [15].
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Thuc an cho D. magna 1a tao luc Chlorella vulgaris. Moi
truong va thirc dn duoc thay méi sau mdi 2 ngay nudi cay
trong vong 01 thang cho dén khi du sb luong D. magna cho
thi nghiém kiém tra doc tinh.

Thiét ké thi nghi¢m

Doc tinh cta thude trir siu endosulfan anh hudong dén
sinh truong ctia D. magna duge theo ddi ¢ thoi diém 24 va
48h. 10 ca thé D. magna con (> 1 ngay tudi) dugc lya chon
ngau nhién cho mdi thi nghiém kiém tra doc tinh va nudi
riéng 1é trong cac dia 6 giéng SPL (Han Qudc). D. magna
dugc phoi nhidm vai thude trir sdu endosulfan & 4 nong do
khéc nhau ( 0,1; 0,2; 0,3 va 0,5 pg/l) va véi mdi trudong déi
chimg (mbi truong khong chira thude trir siu endosulfan).
Doc tinh cua vt liéu dén D. magna dugce tinh bé“mg ty 1€ %
s6 lugng con sdng/chét sau 24 va 48h. Cac mau déu duoc
lap lai 3 1an.

Uc tinh gia tri LC,, tai thoi diém 24 va 48h cua thude
trir sau endosulfan bang phuong phap Probit (Finney, 1971)
str dung phan mém Sigmaplot 12.5 va JMP 10.

Keét qua va thao luan

Anh hwong ciia nong @ endosulfan Ién sinh truéng
va phit trién ciia D. magna

Qua trinh sinh trudéng va phat trién cua dong vat phu
du D. magna duéi tac dong ctia cac ndng do thude trir sdu
endosulfan khac nhau duoc thé hién trong hinh 1. D¢ tinh
ctia thudc trir sdu & cac ndng do khac nhau anh huong dén
sinh trudng ctia Daphnia 13 khac nhau va & cac thoi diém
khac nhau ciing khac nhau. Daphnia mot ngay tudi dugc
phoi nhiém véi thube trir sdu endosulfan tir 0 dén 0,5 pg/l.
Sau 24 va 48h thir nghiém cho thay, & cac mau c6 bd sung
0,1;0,2; 0,3 va 0,5 ng/l thudc trir sdu endosulfan hau hét sd
cé thé D. magna déu co ty 1& séng thap. Trong do, nong do
0,5 pg/l thé hién doc tinh manh nhat véi ty 18 chét dat 67%
sau 24h phoi nhiém. O nong d6 0,1; 0,2 va 0,3 pg/l, tai thoi
diém 24h s6 luong ca thé chét thay doi tir 13 dén 47% tong
sO ca thé phoi nhiém véi thude trir sau. Ty 18 chét tang 1én
xap xi 97% sau 48h. So véi mau ddi chimg c6 ty 1¢ song
sot dat 100% & ca hai thoi diém phoi nhidém trén hinh 1
cho thiy, ndng do thudc trir siu endosulfan anh hudng khac
nhau dén D. magna va gidi han gay chét tdi thiéu cua thude
trir sau dugc ghi nhan c6 gia tri 1a 0,0023 va 0,028 pg/l sau
24 va 48h thi nghiém.
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Hinh 1. Bién dong ty 1& chét cha gidp xadc D. magna sau 24
va 48h phoi nhiém véi 0; 0,1; 0,2; 0,3 va 0,5 pg/l thudc triv
sau endosulfan: (A) Tai thoi diém 24h; (B) Tai thoi diém 48h
(nhiing ndng d§ cé cling chii cai khong cé sy khac biét vé y
nghia thong ké).

Hinh thai co thé D. magna dudi tac dong ciia endosulfan
dugc thé hién 6 hinh 2, nhing c4 thé D. magna phoi nhiém
v6i hoa chat bao vé thyuc vat endosulfan (hinh 2B) khong
con kha nang sinh san, ¢6 xu hudng di dang bao quan va ndi
tang trong co thé, budng trimg bi den so véi ca thé & miu
dbi chung (hinh 2A, miu khong bd sung endosulfan).

Hinh 2. Bién ddi hinh thai giap xac D. magna truéc (A) va sau
(B) 48h phoi nhiém thudc trir sau endosulfan 6 ndng do 0,5 ug/I.

Bién di co thé giy anh huong 16n dén sinh truong ciia
D. magna, Fernandez va cong sy (1994) ching minh rang,
endosulfan gdy ra mét loat cac tic dung phu & D. magna,
bao gébm giam kha nang phat trién, giam ty 1& séng va giam
tong s6 con sinh ra binh thuong/di dang, giam thoi gian sinh
san dau tién va giam thoi gian séng trung binh cia con me
[16]. Mac khac D. magna 1a mot loai thure an wa thich cua
¢4 va mot s6 loai sinh vat thity sinh, néu ¢4 an phai nhirng ca
thé da bi phoi nhidém héa chat bao vé thyc vat, chung s& bi
anh hudng gian tiép va gy ra nhitng bat loi dén an toan thuc
pham ctia con ngudi. Méi trudng nudi cdy chira endosulfan
cling gy trc ché sinh trudng cta tao 1a thirc an chinh cua D.
magna. Nghién ctru ciia Hutber va cong su (1979) vé sy tac
dong cua hoa chét bao vé thuc vat 1én loai tao lam d3 duge
tién hanh, thi nghiém dugc thuc hi¢n dudi diéu kién tdi wu
cho sy ting trudng quang ty dudng cua tao, két qua tai ndng
d6 thap nhat (0,01 dén 5 pg/l) cia cac loai hoa chit bao vé
thuc vat diuron, atrazine va paraquat ciing da ghi nhan sy
{rc ché phat trién cua tio, gy chét va bién di hinh thai ban
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dau cua tao [17].

Hoa chat bao vé thuc vat khong chi gy ra anh hudng
cép tinh, man tinh ma con gdy tac dong cuc bo lén tat ca
cac by phan bi anh huong, tiém an nhiéu yéu t6 gay hai dé
lai nhiéu hé luy vé sau va kho co thé kiém soat trong moi
truong sinh thai thuy sinh. Theo Brausch va cong su (2011),
doc tinh cta hoa chit bao vé thuc vat pyrethroid (cyfluthrin)
va thude diét co (diuron) dd khién cho cac thé hé F1 D.
magna yéu hon va dé mang cac vi khuan gdy bénh vi dugc
sinh ra tir ca thé me FO phoi nhiém trude d6 [18]. F1 D.
magna ciing c6 kich thudc co thé nho hon dang ké so voi
FO, dan dén thoi gian nudi con dau tién dai hon, ghi nhan su
tac dong thur cap do street sinh 1y thé hién qua sy thay do6i
chiéu dai co thé khi D. magna tiép xtic v6i endosulfan [19].

Danh gia doc tinh ciia thuéc triv siu endosulfan dén
sinh truwong ciia giap xdac D. magna

Két qua wdc tinh cac nong do gay chét cua D. magna
trong bang 1 va hinh 3 thé hién xu huéng ting dan nguy
co gay doc cua hoa chét bao vé thuc vat khi thoi gian phoi
nhiém kéo dai.

Bang 1. Uéc tinh gia tri LC_, clia endosulfan tai cac thoi diém
24 va 48h.

Nong dd endosulfan (ug/l )

Ty 1é chét
24h 48h
LC, 0,0023 0,028
LC,, 0,0058 0,375
LC,, 0,016 0,051
LC,, 0,044 0,070
LC,, 0,121 0,095
LC,, 0,332 0,129
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Hinh 3. Bién dong ty lé séng/chét clia giap xac D. magna sau
24 va 48h phoi nhiém véi héa chat bao vé thuc vat endosulfan &
cac nong d¢ 0; 0,1; 0,2; 0,3 va 0,5 ug/l.
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Két qua nay pht hgp v6i nhidu nghién ctru da cong bd
trudc day vé anh hudng cua hoa chat bao vé thuc vat trong
moi truong nudc dén su phat trién cua cac loai dong, thuc
vat thuy sinh. Giap xac D. magna c6 kha nang thich ung
khac nhau vé6i cac hoa chét bao vé thuc vat khac nhau. Gia
tri LC, ghi nhén tai hai thoi diém phoi nhidém 24 va 48h 1an
luot 1a O 332 va 0,129 pg/l. Kha nang gdy doc ctia hoa chat
bao v¢ thuc vat endosulfan va mot so dang ton tai khac cua
hoa chat bao vé thyc vat nhu DDE, Chlorpyrifos Azinphos—
methyl, Diazinon 1én D. magna cho thiy, gia tri LC,,
48h ciia endosulfan thip hon so voi gia tri ghi nhan duorc
khi bd sung pp’DDE 1a 5,08 pg/I [20], ctia Azinphos-methyl
la 1-1,62 pg/l, Chlorpyrifos 1a 0,46-0,72 pg/l va Dizinon la
1,5-1,56 pg/1[21]. Su tich tu cua hoa chét bao vé thuc vat
trong moi trudng cd thé 1a mot ngudn gy doc tiém tang
cho kha nang sinh truong va ton tai cua cc dong, thuc vat
thuy sinh.

Kha ning giy doc cp tinh ctia endosulfan véi mot sb
loai dong vat khong xuong song thiy smh ciing cho két qua
tuong tu, cac sinh vt khong xwong song nhay cam nhat
duogc danh gia doc tinh ctia endosulfan 13 tom hong véi LC,,
l1a 0,04 pg/l. Gia tri nay dugc Schimmel va cong su (1977)
thu dugc trong mot nghién ctru voi mot sb loai sinh séng &
clra song va két qua ghi nhan duoc cho thiy do nhay cao cua
t6m hdng v6i loai hoa chét nay [22]. Mot nghién ciru khac
cua Krishnan va cong su (1989) cho théy, anh huong doc
cap tinh d6i véi mot sb loai sinh vat mé hinh nhu Daphnia
sp. ghi nhén gia tri LC, tir 62 dén 740 pg/l; Moina micrura
c6 LC, 1a 16,2 ng/l va nhay cam hon so véi loai Daphnia
sau 48h tiép xuc voi endosulfan [23]. Diéu nay thé hién kha
nang gay doc khac nhau cua endosulfan voi cac loai khac
nhau 1a khac nhau. Bén canh sy khac nhau vé doc tinh cua
cac doc td moi trudng, kha ning gy doc ctia hoa chét bao
v¢ thuc vat ciing ¢c6 xu hudng phu thudc vao trong lugng
va kich thudc cua ca thé nghién ctru. Nhitng c4 thé nhé hon
d& bi anh hudng khi phoi nhiém véi ndng do thap hon [24].
Bén canh do, nhitng ca thé nho thuong c6 do ho hap va qua
trinh tudn hoan trao ddi cht cao, 1am cho luong hoa chét
béo vé thuc vat mau di vao co thé hon nhiing cé thé 16n [24].

Nhu vay c6 thé thdy co mét sy lién quan tuyén tinh giita
kha ning sinh truong cia ddi tugng thr nghiém véi cac
dang ton tai va n(‘”)ng d6 ctia hda chit bao vé thyuc vat bd sung
vao moi truong. Do do, khi sir dung hoa chét bao vé thuc vat
n6i chung va thudc trir su endosulfan noéi riéng can xem xét
mot cach can than tinh an toan ciia chiing nham giam thiéu
cac tac dong bat loi dén sinh trudng cua cac sinh vat va moi
truong sinh thai cua ching.

Keét luan

Két qua thir nghiém doc tinh cho thay, thudc trir sau
endosulfan anh huéng dén kha nang sinh truéng va song
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sot cua D. magna. Voi néng d6 endosulfan bd sung 1a 0,1;
0,2; 0,3 va 0,5 pg/l sau 24 va 48h phoi nhiém, hau hét s6 ca
thé D. magna déu khong c6 kha ning séng sét. O nong do
0,1; 0,2 va 0,3 pg/l, sb luong D. magna séng sot cao hon
v6i ty 1é chét dao dong tir 13 dén 47% sau 24h, trong khi d6
& ndng d6 0,5 g/l ty 18 D. magna bi chét 1én dén 97% sau
48h. Ty 18 sdng s6t & mau ddi ching 13 100% & ca hai thoi
diém thir nghiém.

Tur s6 liéu thuc nghiém cho théy, endosulfan c6 anh
hudng bét loi dén sinh truong va phat trién cua D. magna.
Do d6, xuat phat tr viéc su dung hoa chit bao vé thuc vat noi
chung va endosulfan noi riéng, phai dugc xem xét mdt cach
can than, tién t6i cAm st dung triét dé trong nong nghiép
hodc phai dwa ra duoc nhiing quy trinh xir 1y ton du hoa
chit nay trong mi trudng nham han ché anh huong dén qua
trinh sinh truéng va phat trién cta cac dong vat thiy sinh.
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quan giira ham lwong asen
thanh phéan hoa hoc thé hi¢n tinh khw
trong nwéc ngam tai khu vue ven song Hong, Ha Noi
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Tom tit:

Asen (As) ¢6 mit trong nwéc ngam dwoc cho 1a ¢6 lién quan dén tinh khir ciia mdi trwomg. Ham hrong As va mot so
thanh phi"ill héa hoc thé hién tinh Khir trong nudc ng?lm tai khu vuc ven song H(‘Sng, Ha N¢i da dugc xem xét. Mot
s0 chat nghién ciru dai dién cho méi trwong khir clia nwrée ngdm 13 amoni, cacbon hiru co hoa tan va khi metan. Két
qua khao sat cho théy, nuéc ng?lm tai phia bo' phai (huyén Thanh Tri) ¢6 tinh khir manh hon so véi phia bo trai song
Hong (huyén Gia Lam). Pong thoi, ndng dd As trong nwée ngim tai phia bo phai ciing cao hon so véi phia bo trai.
Piéu nay cho thiy, méi trwong khir 13 thuin lgi cho qua trinh giai phéng As tir trim tich vao nwéc ngam. Bén canh
d6, qua trinh bom hit nwéc tip trung tai khu vwre ndi thanh Ha Ngi ciing dnh hwong dén su gidi phong As tir tram

tich vao nwdc ngam.

Tir khéa: asen, nuwée ngim, thanh phén héa hoc thé hién tinh khik.

Chi s6 phén loai: 2.4

Md dau

Nude ngdm thuong dugc dung cho muc dich in udng,
sinh hoat tai cac khu vuc chua co he thong cép nudc sach
tap trung. Tuy nhién, nude ngam tang néng thuong bi 6
nhiém mot sb chit nhu As, sat, mangan, amoni... trong do,
6 nhiém As 1a van dé nghiém trong va dang dugc chii y nhét.
As c6 thé d& dang duoc tim thiy ngoai tu nhién trong hon
200 loai khoang khac nhau. Mac du vay, n6 lai 1a nguyén td
hiém va chi chiém khoang 0,00005% trong vo trai dat [1, 2].
O trang thai ty nhién trong dét, da thi As 13 vo hai, tuy nhién
néu c6 mat trong nudc voi néng dd 16n no lai 1a chat doc
dbi véi stic khoe con ngudi va sinh vét. Phoi nhiém trong
thoi gian dai v6i nong do cao ciia As co thé dan dén mic
cac bénh man tinh nhu stung hoa da, ung thu da, ung thu ndi
tang (bang quang, than, phoi), cac bénh vé mach mau & chan
va ban chén... [3]. Con duong phoi nhlem chinh véi As 1a
thong qua Vlec sir dung nude ngam c6 ndng do cao cta As
lam nuéc dn udng trong thoi gian dai. Chinh vi mirc d¢ anh
huong 16n tdi stiic khoe con ngudi do sir dung nudc ngam
bi 6 nhiém As, nén T6 chirc Y té thé giéi (WHO) di dua ra
mirc giéi han ndng do As trong nudc dn udng 1a 10 pg/l va
gi6i han As trong nudc ngam 1a 50 ug/l [4].

Nudc ngam bi 6 nhiem As vdi nong do cao da dugc tim

"Tac gia lién hé: Email: duyenvi206@gmail.com
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thdy ¢ nhiéu noi trén thé gidi. Trong sd cac qudc gia phat
hién thdy 6 nhiém As trong tang chira nudc thi cic ving
dong bang chau tho gan cac con song 16n bt ngudn tir day
Himalaya la c6 mirc d6 6 nhiém nghiém trong hon ca, trong
d6 co dong bang chau thd song Hong cua Viét Nam. Mot
trong nhiing béo céo dau tién vé ndng do cao cua As trong
nudc ngam tai ving chau tho song Hong chi ra rang, khoang
ndng d6 As trong nudc ngam & diy bién doi trong khoang
1-3050 pg/l, trung binh 159 pg/l [5]. Tu nghién ciru nay,
nhiéu nghién ctru khac da dugce thyc hién ¢ cac khu vyc lan
can Ha Noi cling nhu trén toan bo ving dong bang chau thd
song Hong. Vi du, nim 2011 Winkel va cic cong su di tién
hanh nghién ctru tinh trang 6 nhiém As trong nuéc ngim
trén toan bo ving dong bang séng Hong. Két qua nghién
cuu 512 m?lu nudc giéng khoan nha déan cho thdy tai khu
vuc nay nong d6 As nim trong khoang <0,1- 810 ug/l, voi
27% sb mau vuot qua tiéu chudn cho phép vé ndng do As
trong nudc an udng theo quy dinh cia WHO. Va muc do
6 nhidm cao cua As tap trung chii yéu & phia bo phai song
Hong, dic biét 1a nhimg khu vuc dong déan cu [6]. Hay nhu
mot nghién ctru khac dugce thyc hién vao nam 2008 bdi
Eiche va cong sy cho théy mac du hai vi tri nghién ctru cach
nhau chi 700 m nhung ndng do As trong nudc ngam lai khac
nhau hoan toan (mdt vi tri c6 ndng d6 As trong nude <10
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Abstract:

The high arsenic content is likely related to the reductive
characteristic of groundwater. The arsenic content and
reductive chemical compounds in groundwater were
evaluated, the studied water samples were collected from
tube wells in both the Red River banks in Hanoi. The
representative reducing components in groundwater
including ammonium, dissolved organic carbon and
methane were studied. The results showed that the
groundwater at the right bank (Thanh Tri district) has
a stronger reductivity than at the left bank (Gia Lam
district) of the Red River. The concentration of arsenic
in groundwater in the right bank was also higher than
that in the left bank. This suggests that the reductive
environment of the groundwater was favourable for
the release of arsenic from sediment into groundwater.
Besides, the pumping process in the urban Hanoi also
affected the release of arsenic into groundwater.

Keywords: asenic, groundwater, reductive chemical
components.

Classification number: 2.4

ng/l, trong khi cac vi tri gdn d6 c6 As ndm trong khodng
170-600 pg/l) [7].

Nguyén nhan dan dén sy c6 mit ciia As trong nude ngm
dén nay van chua duoc hiéu 15 hoan toan. Trong rat nhiéu
gia thuyét duoc dua ra boi cac nha khoa hoc thi gia thuyét
As dugc giai phong tir tram tich vao nudc ngam thong qua
qué trinh hoa tan cac khoang Fe oxit c6 chira As trong diéu
kién khtr 13 dugc chap nhan rong rdi nhat. Tuy nhién, voi
nhiéu khu vuc nghién ctru khac nhau trén thé giéi thi gia
thuyét nay lai khong that phu hop, vi sy hinh thanh As trong
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nudc ngﬁm phu thudc vao rat nhiéu yéu td nhu dia chét,
thily van, huéng dong chay nudc ngam, sy co mit va muc
dd hoat dong ctia céac vi sinh vat co trong tﬁng chtira nudc,
tudi trAm tich, vi tri so v6i séng... Hay nhu tac dong cua
viéc khai thac nudc ciing c¢6 thé anh huong t6i ché do thuy
vin ciia cc tang chira nude. Didu nay c¢6 thé dan dén cac
tac dong khong mong mudn téi qua trinh hinh thanh va giai
phéng As vao nudce ngam. Chinh vi thé ma cac nha khoa hoc
hién nay van tiép tuc tim hiéu nguyén nhan va co ché dan
dén su hinh thanh va giai phong As vao nude ngam.

Nghién ctru nay dugc thuc hién nham g6p phan 1am rd
thém co ché hinh thanh As trong cac tang chtra nude & ving
dong bang song Hong. Pdng thoi nghién ctru ciing xac dinh
anh hudng cia viéc khai thac nude tap trung t6i qua trinh
giai phong As ciing nhu mdi lién quan giita As va mot sd
thanh phan héa hoc thé hién tinh khir cia méi truong nude
ngam tai khu vuc ven séng Hong, Ha Noi.

Vi tri nghién cuu

Vi tri nghién ciru nim ¢ hai phia bd song Hong, bao
gdm xd Yén My (huyén Thanh Tri), bo phai va xa Véan Dirc
(huyén Gia Lam), bo trai, cach Ha Noi 15 km vé phia dong
nam (hinh 1). Vi vi tri nim sat séng Hong nén hai khu vyc
nay thinh thoang bi ngdp trong vai ngay vao mua mua. Dit
dai ¢ ca hai khu vire nay chu yéu dugce sir dung dé trong rau
mau, trong hoa. Rudng rau mau tai day phan 16n duoc tudi
vao mua kho bang nudc séng, nude ao hodc nude ngam tir
céc giéng khoan.

Niam giéng quan tric tai mdi vi tri nghién ciru ¢6 do sau
khoang 25 m da duogc lap dit cho muc dich lay mau va theo
doi sy thay d6i cac thanh phan hoa hoc cta nudc ngam Cac
giéng nay duoc lip bang cac dng nhua PVC véi phan dng
loc dai 1 m cung voi biy cat & day. Pong thoi, dé tranh su
xa4m nhap cua nudc bé mit, mot doan dng thép co nip day
duoc sir dung dé bao vé phan dau giéng ngay phia trén mat
dat.

Hinh 1. Vi tri nghién ciu tai Yén My va Van Bic cach Ha Noi
15 km vé phia dong nam. Nong d§ As trong nuéc ngam dugc
biéu dién béi cac cham tron va vij tri cac giéng quan tric dugc
danh dau ghim & hai khu vuc nay.

2]
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Poi tuong va phuong phap nghién ciu

Mau nuéc duoc ldy tir 5 giéng quan tric tai mdi vi tri
vao thang 4/2017, truc khi 14y mau, phin nudc dong trong
dng giéng duoc loai bo bang cach bom bo nudc ngdm voi
khoang 4-5 1an thé tich giéng. Cac thong s6 hién truong nhu
pH, nhiét d6, 46 dan, oxy hoa tan duoc do béng hé théng
thiét bi do hién truong cam tay HQd (Hach, M¥) va thé oxy
hoa khtr ciia nudce ngfim duoc xac dinh boi hé dién cuc cua
Fisherbrand (accumet AP 72). Nudc ngam dugc lay sau khi
cac thong s6 hién truong da 6n dinh va duoc loc ngay tai
chd qua mang loc nylon 0,45 pm vao trong lo PP cho phan
tich NH," va lo thuiy tinh da duoc nung ¢ 500°C trong 6 gio
cho phan tich DOC. Sau d6é cac mau nay duoc axit hoa véi
HNO, (6§%, Merck) va HCI1 (37%, Merck) téi lfhi pH<2.
Sau khi lay mau va axit hoa, cac l9 mau dugc nap chat va
giit & 4°C cho t6i khi phan tich. Mau dung cho phan tich
metan dugc la?iy tryc tiép vao lo thiy tinh chan khong 5,9
ml (Labco Ltd.) voi thé tich nudc khoang 1/2 dén 2/3 lo.
Sau khi l4y, cac lo thuy tinh chin khong nay dugc Gp nguoc
dé tranh that thoat luong khi trong lo, sau d6 dong dong tai
chd v6i da kho, van chuyén vé phong thi nghiém va giit ¢
0°C cho t6i khi phan tich. Ngoai ra, khoang nong d6 twong
dbi cua As trong nudc ngdm trong 11 giéng khoan ho dan
tai mdi vi tri ciing dugc xac dinh tai chd bf'mg bo kiém tra
nhanh As cuia Merck.

Ham luong amoni dugc phén tich trén thiét bi quang phd
hap thu phan tir UV-1800, Shimadzu, lugng DOC dugc xac
dinh boi thiét bi do tong C hitu co TOC-V g, (Shimadzu)
va ham lugng khi metan hoa tan dugc phan tich boi hé sac
ky khi voi cot nhdi porapack-T (GC 2014, Shimadzu). Quy
trinh phan tich mau ludn dugc kiém soat bang cac phép do
1ap lai voi %RSD<5% va cac mau chuan véi d6 thu hdi luon
nam trong khoang 90-110%.

Céc dudng contour biéu dién sy phan bd ham lugng As,
amoni, DOC metan duoc vé bang ph?m mém Surfer 9 dya
Vao gi4 tri ndng do ciia As trong cac giéng khoan ho dan va
nong d6 amoni, DOC, metan trong nudc ngam tai cac gleng
quan trac & ca hai vi tri.

£ 2 ~ 2 a
Két qua va thao luan

Két qua kiém tra nhanh ndng d6 As trong nudc ngam tir
cac giéng ho dan & 2 vi tri nghién ctru ndm trong khoang
0-250 pg/l. Trong @6, nudc ngam tai Yén My - bd phai co
ndng d cao hon so v&i & Van Puc - bd trai (hinh 2). Tai
Yén My c6 téi 91% sb giéng nghién ctru c6 ndng do As vuot
qué tidu chudn ndng do As trong nudc udng theo tiéu chuan
ctia Bo Y té va WHO 1a 10 pg/l (trung binh 85,5 pg/l), trong
d6 tai Van Pic 1a 58% (trung binh 41,9 pg/l). Do do, hau
hét cac giéng nay khong thé sir dung lam nudc an udng [4].
Dic biét, hau hét cac giéng nghién ctru tai Yén My déu co
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ham luong As trén 50 pg/l vuot qué tiéu chuan ham luong
As trong nudc ngam theo B Tai nguyén va Mo6i truong va
WHO [4, 8].

20,93
105,86 105,87 105,88 105,89 105,90 105,91 105,92

Hinh 2. Phan b ham lugng As trong nudc ngam tir cac giéng ho
dan ¢ Yén My va Van Diic.

Nhung két qua nghlen clru trude ddy vé 6 nhiém As trong
nudc ngdm chi ra rang, qua trinh giai phong As vao nuge
ngam phu thudc vao nhiéu yéu t nhu tudi tram tich, hoat
dong cua vi sinh vat c6 mat trong tang chtra nude, ban chit
cua tram tich, ché do thiy van... va cho toi nay, chua c6
mot co ché chinh thuce nao duge dua ra dé giai thich cho su
hinh thanh As trong nuéc ngam. Tuy nhién, theo Smedley
va Kinniburgh (2002), Fendorf va céc cong su (2010) thi
mot trong nhirng nguyén nhan chinh cua su xuit hién As
v&i nong do cao trong nude ngam 1 As dugce giai phong ra
tir tram tich dudi diéu kién khtr thong qua qua trinh khir hoa
tan cac khoang oxit st [2, 9]. Va ddy ciing 13 co ché duoc
chép nhan rong rii boi cac nha khoa hoc trén thé gigi. O
nhiéu té”lng chira nuoc da duogc ghi nhan 1a ¢c6 ham lugng As
cao trén thé gidi thi sy hinh thanh diéu kién khir dong mot
vai trd quan trong trong viée khadi dong qua trinh g1a1 phong
As vao nudc ngam. Trong d6, su c6 mit ciia vat chat hitu co
dan dén mot loat cac phan tng oxy hoa khir phirc tap dién
ra va dan dén su tiéu thy oxy hoa tan, hinh thanh CO, tir qua
trinh oxy hoa carbon htru co kem theo do 1a su Xuét hlen véi
ndng d6 cao cia Fe*', NH," va hinh thanh CH,. DPong thoi
su khtr hoa tan cac Fe-oxit mang As cling dién ra va lam giai
phong As tir tram tich vao nude ngam [10, 11].

Theo nhu nhan dinh cia McArthur va cong sy (2001)
khi nghién ctru vé nude ngdm & Bangladesh thi As s& khong
dugc giai phong ra khai cac khoang Fe oxit ma khong cé su
c6 mit cta vat chat chat hitu co dé duy tri hoat dong cia cac
vi khuan khir [12]. Nhu vay c6 thé néi rang, vat chét hitu
co la diéu kién can dé qua trinh giai phong As co thé xay ra.
Vay viéc xac dinh ham lugng vat chét hitu co trong nghién
ctru vé& 6 nhidm As trong nudc ngim la can thiét dé c6 thé
du doan kha ning tang chira nude ¢6 bi 6 nhiém boi As hay
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khong voi gia thuyét rang noi nao cang cé nhiéu vat chat
httu co thi noi d6 cang c6 nhicu As.

Dé so sanh mirc d6 6 nhidm As & hai phia bd song Hong,
nghién ciru da tién hanh xac dinh lugng vat chét hitu co
trong tang chira nude ¢ hai khu vuc nay théng qua ham
luong C hiru co hoa tan (DOC) trong nudc ngam tai day.
Hinh 3 biéu dién su phan bd ham luong DOC tai khu vuc
nghién ciru. Tir dy c6 thé thdy rang, ham lwong DOC tai xa
Yén My cao hon so v&i xd Van Duc. Két hop vai sy phan
bd As trong nudc ngam & hai vi tri nghién ciru nhu di chi ra
& trén (hinh 2) thi ¢6 thé thiy ring su phan bd ham lugng As
va DOC 6 hai phia bo song 1a ¢ su twong dong, ham lugng
DOC, As cao ¢ phia bo phai va thip & phia bo trai.

105,86 105,87 105,88 105,89 105,90 105,91

Hinh 3. Phan bd ham lugng DOC trong nuéc ngam tai hai vi tri
nghién ciu.

Mot chi thi khac ctia hop chat hitu co trong tram tich la
gia tri EC. Nong do cao cuia cac chét hitu co dan dén qua
trinh phan huy cdc vat chét hitu co va giai phéng CO, vao
nudce ngdm. Lugng CO, duge gidi phong ra s€ tham gia vao
cac qua trinh hoa tan cac khoang chat va do vay lam tang gia
tri EC ctia nuéc ngdm trong khu vyc d6 [10]. Hinh 4 biéu
dién gia tri trung binh EC va Eh tai Yén M§ va Van Dirc. Tir
d6 ¢ thé thay, gia tri EC trung binh tai Yén My la khoang
1020 pS/cm, cao gap 1,4 14n so v6i gia tri trung binh nay &
Van buc la khoang 750 uS/cm. Do do, tai Yén My qua trinh
khoang hoa xay ra manh m& hon so véi ¢ Van Dtic.

1000 -+
800 -

600 -

EC (uS/cm)

m Yen My

400 -
m Van Duc

200 -

Hinh 4. Gia tri EC (uS/cm) trung binh clia nuc ngam tai hai vi
tri nghién ciu.
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Co the thdy rang, mic du ca hai vi tri nghién ctru déu
nam & gin song va hang nim déu nhan dwoc lugng vat
chat hitu co va phu sa nhu nhau nhung qua trinh khoang
hoa cting nhu lwong C hitu co hoa tan trong nudce ngam la
khac nhau, dan dén ham luong As trong nudc ngam cung
khac nhau ¢ hai vi tri nghién ctru. Tir ddy co thé két luan vé
gia thuyet ban dau ring nudc ngdm noi nao cang ¢ nhidu
vét chit hiru co hoa tan thi nguy co 6 nhiém As & noi d6
cang cao la ding trong treong hop cua nghién ctru nay. Mot
két qua twong tu ciing dugc tim thiy trong nghién ctru ciia
Postma (2012) va Dao (2017). Trong cé hai nghién ctru nay,
ho da tim thdy trAm tich cang gan song thi vét chét hiru co
cang nhiéu va tudi tram tich cang tré thi ndng d6 As trong
nudc ngﬁm cang cao [13, 14].

Theo Smedley va Kinniburgh (2002), Fendorf va cac
cong su (2010) thi mot trong nhitng nguyén nhan chinh gy
ra ham lugng As cao trong nude ngam 1a su khir hoa tan cac
khoang Fe oxit. Va nhu da trinh bay & trén thi cac khoang
Fe oxit nay bi hoa tan dudi diéu kién khir manh, do d6 ¢
thé du doan rang, moi trudng nude ngdm & noi nao cb didu
kién khir manh hon thi & noi d6 As s& xuét hién véi néng
d6 cao hon [2, 9]. Hay c6 thé noi rang, diéu kién khir ciia
mdi trudng nude ngdm chinh 13 didu kién du dé As xuit
hién trong céc ting chira nudc. Xu huéng nay duge tim thay
trong nude ngdm & hai vi tri nghién ciru. Hinh 5 va hinh 6
biéu dién sy phan b6 ham luong NH," va CH, - hai trong
nhiing thanh phan dai dién cho tinh khu cua moi truong
nudc ngam [15]. TUr hai hinh nay c6 thé d& dang thiy ring
tai Yén My - bo phai song Hong c6 ndng d6 amoni va metan
cao hon so véi & Van DPuc, do d6 c¢6 thé khang dinh rang
tinh khtr ciia méi truong nuéc ngim tai Yén My 1a manh
hon so v&i & Van Dirc. Két qua nghién ciru 1a phu hop véi
gia thuyét moi truong khir 1a thuan loi cho qua trinh hoa tan
cac Fe oxit, do d6 cling thuan loi cho viéc gidi phong As tir
tram tich ra nudc ngdm. Diéu nay ciing 1a mot 16 giai thich
cho su bién d6i nong d6 As ¢ hai phia ciia séng Hong.

105,88

105,87

105,86 105,90 105,91

Hinh 5. Phan bé ham lugng amoni trong ngudc ngam tai hai vi
tri nghién ciu.
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CHa (mg/1)
42

105,87

105,88 105,90

Hinh 6. Phan bé ham lugng metan trong nuéc ngam tai hai vi
tri nghién ciu.

Tir cac két qua nghién ciru nhu di chi ra ¢ trén thi khu
vuc nghién ctru da hoi tu day du ca diéu kién can va diéu
kién du dé qua trinh giai phong As tir tram tich xay ra 1a sy
c6 mit cta vat chét hitu co va méi trudng nudc ngim cé
diéu kién khur. Tuy nhién, mirc d6 6 nhiém As tai hai phia
bo song Hong lai khong gidng nhau. Nguyén nhan gy ra
sur khac biét nay co thé 1a do anh hudng cia cac yéu té khac
trong ting chita nudc nhu: ché do thay van, dong chay nude
ngém, diéu kién dia chit, muc do hoat dong cua vi khuén
khu... cling nhu do anh huong boi cac hoat dong sinh hoat
cua con nguoi tai hai vi tri nghién ctru gy nén. Khi tham
khao lich sir khai thac va sir dung nudc ngdm & cac khu
vuc 1an can co thé thay ring, cing véi viée phat trién nhanh
chong va su gia ting dan s tai cac cac khu d6 thi trong hai
thap ky trude ddy di dan dén viée str dung nude ngam lam
nude sinh hoat an udng thay cho nudc mit va nuée giéng
khoi. Ngoai ra vi¢c khai thadc nudc ngém tai khu vuc ndi
thanh Ha Noi da bat dau tir thé ky trude. Va cho dén nay van
con nhiéu nha may khai thac va xir Iy nudc ngam tap trung
van dang hoat dong vé6i ning luc xir Iy 1én téi 500.000 m?
mdi ngay [5]. Chinh viéc khai thac nude tap trung tai khu
vuc ndi thanh nhu vy c6 thé 1am anh huong téi ché do thuy
vin va huéng dong chay tu nhién cia cac tang chia nudc,
lam cho nudc ngdm dich chuyén vé phia ndi thanh Ha Noi.
Vay thi ché d6 thay vin ¢ bo phai song Hong 14 ¢6 su khac
biét so voi bo trai, noi khong chiu tdc dong cua viéc khai
thac nudc tap trung. Nho vy ¢ thé néi rang, nudc song 1a
ngudn bo cap chinh cho nude ngam & cac khu vuc 1an can
Ha Noi, trong d6 co6 ca vi tri nghién ctu 1a Yén My. Su bd
cap nudc song nay co thé kéo theo ca viéc bd sung thém
luong vat chat hitu co - didu kién can dé xay ra qua trinh giai
phong As. Diéu nay ciing ¢6 thé 1a mot 1oi giai thich cho su
khéc biét vé ham luong DOC, tinh khir ciia moi truong va
ham lugng As trong nuéc ngdm & hai phia bo song Hong.
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Tir cac dit kién trén c6 thé thay, cac két qua nghién ciru
1a phu hop véi gia thuyét vé sy hinh thanh As trong nudc
ngam la do qué trinh hoa tan cac khoang Fe oxit kéo theo su
giai phong As dudi didu kién khir manh va ciing véi su c6
mit ctia vat chat hitu co. Pong thoi qua trinh giai phong As
0 khu vue nghién ctru ¢6 thé bi anh hudng boi viée khai thac
nudce tap trung tai khu vuc ndi thanh Ha Noi.

£ ~
Ket luan

Khoang ndng d6 twong ddi cia As trong nudc ngdm &
hai vi tri nghién ctru bién déi trong khoang 0-250 pg/l. Mic
du ¢6 vi tri dia 1y twong ty nhau nhung muc do 6 nhiém
As trong nudc ngam & Yén My cao hon so véi & Van Pic.
Tuong dong voi su khac nhau vé nong do As trong nudc
ngém thi didu kién khir thé hién & ham luong amoni, CH,
ham luong DOC ciing cao hon tai Yén My va thap hon tai
Van Dtic. D6 1a cac didu kién can thiét dé xay ra qua trinh
giai phong As tir tram tich vao nudc ngam. Sy xuat hién ciia
As trong ting chira nu6c & ving dong bang song Hong 1a
phit hop vé6i co ché khir hoa tan khoang Fe oxit c¢6 chira As
trong diéu kién khur. Tuy nhién, su khac nhau vé néng do As
cling nhu diéu kién khir va ham Iugng DOC tai hai bén bo
song Hong co thé lién quan tryc tiép t6i cac hoat dong khai
thac nudce tap trung tai khu vuc ndi thanh Ha Noi.

LO1 CAM ON

Nghién ctitu nay dugc thuc hi¢n tai Phong thi nghiém
VSL (Phong thi nghiém khoa hoc phéan tich phéi hop cua
Pai hoc Qudc gia Ha Noi va Cong ty Shimadzu). Pong
thoi nghién ciru 1a mot phan cua du 4n “Nghién ctru su anh
huéng cua viée khai thac nude ngdm dén 6 nhidm As tai khu
vuc Nam va Dong Nam A” hop tac giita LDEO, Pai hoc
Téng hop Columbia, My va Trung tam Nghién ctru Cong
nghé Mai trudng va Phat trién Bén viing.

TAI LIEU THAM KHAO

[1] B. Kumar, K.T. Suzuki (2002), “Arsenic round the world: a
review”, Talanta, 58, pp.201-235.

[2] P.L. Smedley, D.G. Kinniburgh (2002), “A review of the
source, behavior and distribution of arsenic in natural waters”,
Applied Geochemistry, 17, pp.517-568.

[3]S. Shankar, U. Shanker, Shikha (2014), “Arsenic Contamination
of Groundwater: A Review of Sources, Prevalence, Health Risks,
and Strategies for Mitigation”, The Scientific World Journal, doi:
10.1155/2014/304524.

[4] World Health Organization (2011), Guidelines for drinking
water quality, fourth edition.

[5] M. Berg, T. Hong Con, N. Thi Chuyen, P. Hung Viet,
R. Shcertenleib, W. Giger (2001), “Arsenic contamination of



groundwater and drinking water in Vietnam: A human health threat”,
Environmetnal Science and Technology, 35(13), pp.2621-2626.

[6] L.H.E. Winkel, P.K.T. Trang, V.M. Lan, C. Stengel, M. Amini,
N.T. Ha, P.H. Viet, M. Berg (2011), “Arsenic pollution of groundwater
in Vietnam exacerbated by deep aquifer exploitation for more than
a century”, Proceedings of the National Academy of Sciences of the
United States of America, 108(4), pp.1246-1251.

[7] E. Eiche, T. Neumann, M. Berg, B. Weinman, A. van Geen,
S. Norra, Z. Berner, PT.K Trang, P.H. Viet, D. Stuben (2008),
“Geochemical processes underlying a sharp contract in groundwater
arsenic concentration in a village on Red River delta, Viet Nam”,
Applied Geochemistry, 23, pp.3143-3154.

[8] QCVN 09:2008/BTNMT, National technical regulation on
underground water quality.

[9] S. Fendorf., H.A. Michael, A. van Geen (2010), “Spatial and
temporal variations of groundwater arsenic in South and Southeast
Asia”, Science, 328, pp.11-23.

[10] C.A.J. Appelo, D. Postma (2005), Geochemistry, groundwater
and polution, 2™ edition, A.A. Balkema Publishers, The Netherlands.

TAP CHI

HOA HOC

NG NGHE | &t Nam 61(1)1.2019

Khoa hoc Ky thuat va Céng nghé

[11] T. Appelo (2006), Arsenic in groundwater - A world problem,
Proceedings Seminar Utrecht, Colophon, Netherlands.

[12] J.M. McArthur, P. Ravenscroft, S. Safuilla, M.F. Thirlwall
(2001), “Arsenic in groundwater: Testing pollution mechanisms for
sedimentary aquifers in Bangladesh”, Water Resources Research
31(1), pp.109-117.

[13] D. Postma, F. Larsen, N.T. Thai, P.T.K. Trang, R. Jakobsen,
P.Q. Nhan, T.V. Long, P.H. Viet, A.S. Murray (2012), “Groundwater
arsenic concentrations in Vietnam controlled by sediment age”,
Nature Geosceince, 5, pp.656-661.

[14] VN. Dao, T.K.T. Pham, T.D. Vu, T.M. Tran, TM.L. Vi, H.V.
Pham, D. Postma and R. Jakobsen (2017), “Spartial variations of
arsenic in groundwater from a transect in the Northwestern Hanoi”,
Vietnam Journal of Earth Sciences, 40(1), pp.69-77.

[15] K.R. Henke (2009), Arsenic: Environmental chemistry,
Health threats and Waste treatment. John Wiley & Sons, Inc., New
Jersey, USA.

31



s Khoa hoc Ky thuat va Céng nghé

Xay dung phuwong phap dién di mao quan
xac dinh ham lwgng cac amino axit tu do chinh
trong san pham sira ong chua

Vii Minh Tuén', Ngd Thi Ngin'?, Nguyén Manh Huy',
Nguyén Thanh Pam', Dwong Hong Anh'*

Trung tdm Nghién ciru Cong nghé Méi truong va Phat trién Bén viing,
Truong Pai hoc Khoa hoc Ty nhién, Dai hoc Quéc gia Ha Noi
’Khoa Héa hoc, Truong Pai hoc Khoa hoc Tw nhién, Pai hoc Quéc gia Ha Noi

Ngay nhan bai 1/10/2018; ngay chuyén phan bién 4/10/2018; ngay nhan phan bién 2/11/2018; ngay chip nhén diang 8/11/2018

Tom tit:

Sita ong chiia ¢6 chira nhiéu dudng chit quy, véi nhiéu loai amino axit quan trong ddi véi sw phat trién cia co thé.
Nghién ctru nay trinh bay viéc xdy dung phwong phap dién di mao quén (CE) véi detector do dd diin khong tiép xiic
(C*D) aé dinh lwgng 5 amino axit tw do c6 ham lwgng cao trong sira ong chua gfﬁm lysin (Lys), alanin (Ala), prolin
(Pro), axit glutamic (Glu) va axit aspartic (Asp). Cic amino axit dwgc phan tich trong mao quén véi chiéu dai hiéu
dung 48 cm va chit dién ly nén axit lactic 2M. O diéu Kién t6i wu, dwdng chuin ciia cic chit phan tich dwoc xiy dung
trong khoang 2,0-100 mg/l va c6 hé sb twong quan tét (R2>0,999). Phwong phap c6 do ding tdt véi hiéu suit thu hoi
trong khoang 93+115% v6i nén nuée deion va nén mau that. Quy trinh di dwge 4p dung thanh cong dé phan tich
cAc amino axit tw do néu trén trong mdt sé sin phim sira ong chiia twoi hién c6 trén thi truwong.

Tir khod: amino axit tw do, dién di mao quén, sira ong chua.

Chi s6 phin loai: 2.4

Tong guan

Sira ong chtia ¢6 thanh phan hoa hoc da dang va phong
pht, bao gdm cac thanh phan chinh 1a nudc, cacbonhydrat,
protein, lipid va axit béo, con lai 1a cac vitamin, amino axit
tu do, mudi khoang... Ngoai axit 10-hydroxy-2-decenoic
(viét tit: 10-HDA) dugc coi nhu mot “déu chudn” - marker,
sita ong chua con 1a mot san pham tu nhién giau amino axit
rat quan trong d6i voi con ngudi va dong vat. Sita ong chiia
chira it nhat 15 amino axit, quyét dinh ti gid tri dinh dudng
ctia san pham. Cac amino axit ty do chiém ham lugng cao
nhét 1a prolin, lysin, axit glutamic, alanin, axit aspartic... [1,
2]. Ham lugng cac amino axit trong sita ong chiia thay doi
phu thudc vao ngudn san xuat nhu chat luong dan ong, thoi
tiét, moi truong nudi; vao diéu kién bao quan nhu nhiét dg,
thoi gian... Vi dy 1a nhiing thanh phan dic hiéu va cé gia
tri nén ham luong cia ching s& quyét dinh chit luong cia
stra ong chua.

Viéc xac dinh ham lugng céc thanh phan nay trong sira
ong chua duoc thuc hién tai cac phong thi nghiém bang
phuong phap sic ky long hiéu ning cao (HPLC) hoic
phuong phép sic ky khi (GC). Truéc khi phan tich bang
GC, can c6 budc tach chit phan tich ra khoi nén mau, sau
d6 dan xuat héa chung thanh cac cau tir dé bay hoi qua phan

"Tac gia lién hé: hoanggiangaO@gmail.com

TAP CHI

HOA HOC

ONG NGHE I} Nam 61(1) 1.2019

ung ankyl hoa, sylyl hoa [3, 4]. Detector ion héa ngon Itra
(FID) ¢6 thé duoc sir dung dé phén tich thanh phan cua cac
amino axit tu do, con khi dinh lugng s€ st dung detector
khéi pho [3, 4]. Phuong phap HPLC véi detector do quang
0 budc song 215 nm hoac detector khiic xa ké (RID), hoac
hién nay 1a detector khdi phd kép (MS/MS) duoc st dung
phé bién hon dé xac dinh 10-HDA ciing nhu cac amino axit
tu do trong stra ong chua [5-7]. Tuy nhién, cac phuong phap
nay déu can giai doan xtr Iy mau phic tap, c6 chi phi cao,
cing véi cac yéu cau ky thuat nghiém ngit, dong thoi ton
kha nhiéu thoi gian.

Hién nay, trong linh vyc thuc phém, viéc tng dung
phuong phép dién di mao quan (CE), dac biét 1a dién di mao
quan ving (CZE) dang tré nén phd bién boi tinh don gian,
nhanh chong, hiéu qua tach cao va tiéu ton it hoa chat, dung
moi [8]. Phuong phap nay con 1a mot k¥ thudt phan tich
huéng t6i hoa hoc xanh. Bai bao trinh bay cac két qua xay
dung quy trinh phan tich mot sb amino axit ty do ¢ ham
lwong cao trong sira ong chiia gdm lysin (Lys), alanin (Ala),
prolin (Pro), axit glutamic (Glu) va axit aspartic (Asp) bang
phuong phap dién di mao quin sir dung detector d§ dan
khong tiép xtc. Mot s6 mau sira ong chua tuoi ciia Viét Nam
da duoc thu thap va phan tich bang phuong phap da téi vu.
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Abstract:

Royal jelly contains a lot of valuable nutrients with
several kinds of amino acids which are important to the
development of human body. This study presented the
development of the analytical method based on capillary
electrophoresis (CE) using capacitively coupled
contactless conductivity detector (C*D) for determination
of five major free amino acids in royal jelly products
including lysine (Lys), alanine (Ala), proline (Pro),
glutamic acid (Glu), and aspartic acid (Asp). Five amino
acids were separated in a capillary with an effective
length of 48 cm and in 2M lactic acid electrolyte. At the
optimised conditions, the linear ranges of calibration
curves were from 2.0 to 100 mg/l, and the linearities
were good (R>>0.999). The method had good accuracy
with the recoveries in range of 93+115% for deionised
water and real sample matrixes. The procedure has been
successfully applied to the determination of five major
free amino acids in commercially available royal jelly
products.

Keywords: capillary electrophoresis, free amino acids,
royal jelly.
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Khoa hoc Ky thuat va Céng nghé

Thuc nghiém
Héa chit va thiét bi

Tét ca hoa chit déu c6 do tinh khiét phan tich va duoc
cung cip tir Tokyo Chemical Industry (Nhat Ban) hoic
Sigma-Aldrich (Ptrc). Dung dich chuin gbc (1000 mg/l)
cta Lys, Ala, Pro, Glu va Asp duogc sir dung dé pha cac
dung dich chuin. Cac hoa chét dung dé pha dung dich dién
ly nén (BGE) bao gom: axit formic, axit axetic, axit lactic,
axit succinic va axit citric. Nu6c deion duge dung dé pha
cac dung dich chuan va xir Iy miu, 1y tir may loc nudc
Simplicity UV, Millipore (USA).

Tét ca cac thi nghiém duoc thyc hién trén h¢ thiét bi dién
di mao quan thao tac bang tay (CE) sir dung detector do do
dan khong tiép xuc (C*D) tai Phong thi nghiém trong diém
cong nghé phan tich phuc vu kiém dinh méi trudng va an
toan thuc phém (KLATEFOS), Truong DPai hoc Khoa hoc
Ty nhién, Pai hoc Quéc gia Ha Noi. Hé thiét bi su dung
nguon cao thé £25 kV (Spellman, Anh), ghi dit liéu nho bo
ghi e-corder (eDAQ, Uc). Cot mao quan silica néng chay
duong kinh trong (I.D) 50 um, duong kinh ngoai 1a 365 um
v6i do dai tong (L) 60 cm va d¢ dai hi¢u dung (L ) 48 cm
(Agilent, My) duoc st dung dé tach chat. Trude lan phan
tich ddu tién ciia mdi ngdy, mao quan duoc 6n dinh hoa
bang dung dich NaOH 0,1M trong 10 phut, sau d6 1a nudc
deion trong 10 phut va BGE trong 30 phut. Sau mdi phép
do, mao quan dugc rira bing BGE trong vong 3 phiit.

Téi wu héa quy trinh phén tich cdc amino axit trén h¢
thiét bi CE-C'D

Dung dich hdn hop chuén cua 5 amino axit & nong do
40 mg/1 dugc sir dung dé khao sat cac didu kién phan tich.
Trong céc thi nghiém, dién thé tach dugc gitr ¢b dinh ¢ gia
tri -15 kV va thoi gian bom mau 30 s; trir cac thi nghiém
khao sat diéu kién dién thé va thoi gian bom. Diéu kién
phan tich dugc lya chon trén cho co s duong nén 6n dinh,
tin hiéu cta cac chét phan tich c6 dién tich 16n, hinh dang
sic nét, do phan giai giita cac pic canh nhau cé gi tri 16n
hon 1,5.

Nghién ctru lya chon dung dich dién ly nén: qua tham
khéo tai liéu, mot sb loai BGE tai pH thép (<2) trén co so
cac axit hiru co véi cac néng d6 khac nhau dugc lua chon dé
nghién ctru quy trinh phan tach cdc amino axit bao gdom: 1)
axit formic (0,1M tdoi 2,0M); 2) axit axetic (0,1 toi 4,0M);
3) axit lactic (0,1 t&1 5,0M); 4) axit succinic (0,1 t&i1 0,5M)
va 5) axit citric (0,1 t&1 2,0M). Sau khi lya chon dugc dung
dich dién ly nén thich hop, tiép tuc nghién ctru lya chon dién
thé tach va thé tich bom mau.

Nghién curu lya chon dién thé tach: anh huong cua dién
the tach dén thoi gian di chuyén, sy phan tach gilia cac tin
hiéu chat phan tich dugc khao sat vdi cac gia tri thay doi tu
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-10 t61 -20 kV.

Nghién ciru liva chon thoi gian bom mau: anh hudng cta
thoi gian bom mau dén dién tich va hinh dang tin hiéu cua
chat phén tich duoc khao sat véi thoi gian bom mau thay
doi tir 10 t6i 60 s.

Danh gia phwong phdap

Puong chuan dugc xdy dung theo phuong phip ngoai
chudn (7 diém) v6i ndng do timg amino axit trong khoang
tir 2 t6i 40 mg/1. Gia tri LOD va LOQ ddi véi cac chat trong
dich chiét dugc tinh bang 3 va 10 lan ty 1¢ tin hiéu/nhidu
nén, twong tng. Gia tri giéi han dinh lugng ctia phuong
phap theo mg/ g cua cdc amino axit dugc tinh bang LOQ/20
(hé s6 quy doi trong ng v6i hoa tan 1,0 g mau trong 50 ml
nudce). Trong nghién cuu nay, do 1dp lai cua phuorng phap
dugc xac dinh thong qua gia tri d léch chudn twong dbi
(RSD) cuia 7 phép phan tich lip lai di véi dung dich chuén
danh gia qua thoi gian di chuyén va dién tich pic. Do chinh
xac dugc xac dinh béng hiéu suét thu hdi cia mau thém
chudn cac amino axit & ndng do 5, 10, 20 mg/1 vao nén nude
deion va nén mau sita ong chiia tuoi.

Chudn bi va phén tich mau

Mau duogc xir 1y nhu sau: cin mot lugng chinh xac
(khoang 1,0 g) mau sira ong chua tuoi, hoa tan mau va dinh
mure t61 50 ml béng nude deion, sau do6 loc dung dich thu
dugc qua mang loc 0,45 pm trudce khi bom vao thiét bj CE-
C“D. Dich loc dugc phan tich bang quy trinh da t6i wu &
trén. Thoi gian di chuyén dé dinh tinh cic amino axit dugc
xéc dinh lai sau khi thém chudn, viéc dinh luong duoc thuc
hién bang phuwong phap duong chuin. Két qua phan tich
ham lugng cac amino axit trong mau san pham duoc tinh
dya trén két qua phan tich dich loc bang CE-C*D va cac hé
s6 khi chuan bi mau.

Két qua va thaoluan
Xdy dung phwong phap

Lya chon dung dich dién ly nén: cac amino axit chira ca
nhom chiic cacboxyl va amino, do vay tuy vao pH ma chiing
¢6 thé ton tai trong dung dich dudi dang anion hoac cation.
Dua trén cac s6 lidu vé pKa va pl cta cac chat can phan tich
trong bang 1, ¢ thé thay rang, viéc s dung phuorng phép
dién di mao quan dé tach cac amino axit néu trén c6 thé thuc
hién dugc tai moéi truong kha axit (cd pH<2), lic nay céc
chét can phan tich ton tai chut yéu dudi dang cation, hoac tai
moi truong c6 pH>11, khi d6 cac chét can phan tich ton tai
cha yéu dudi dang anion. Dé thuan tién cho viéc thuc hién
phuong phap dién di mao quan, tranh anh hudng cua dong
EOF, phuong 4n mdi trudng axit duoc lya chon va cac chat
dugc phan tich dudi dang cation.
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Bang 1. Dic tinh clia cac amino axit can phan tich.

Chit phan tich pKa, pKa, pKa, pI

Lysin 2,18 8,59 10,53 9,74
Alanin 2,34 9,69 6,00
Prolin 1,99 10,96 6,30
Axit glutamic 2,19 9,67 425 3,22
AXit aspartic 1,88 9,60 3,65 2,77

Chu thich: pKa,: nhém a-cacboxyl, pKa,: nhom o-amonium (axit lién
hgp ctia nhom a-amino), pKa,: nhom axit trong mach.

Céc axit hitu co voi kich thudc phan tor nho duge Iya
chon dé khao sat lam BGE g6m axit formic, axit axetic,
axit lactic, axit succinic va axit citric. Vi detector sit dung
1a C*D, nén ndng do6 cua cac axit nay trong BGE ciing dugc
lua chon & ¢& 0,1 mol/l t&i vai mol/l dé tranh su anh hudng
ctia nén do dan cao.

Két qua khao sat cho thdy: véi axit formic dudng nén
khong 6n dinh, cic pic ciia Glu va Asp dodng; voi axit
axetic duong nén th?mg, xuat hién ca 5 tin hiéu chét can
phan tich, tuy nhién thoi gian phan tich dai (>2000 s); sir
dung axit lactic trong khoang 2-3M lam dung dich dién ly
cho dudng nén thang 6n dinh, cac pic cta chat can phan tich
sdc nét tach khoi nhau voi thoi gian phéan tich <500 s; véi
axit succinic cac tin hiéu cua Pro va Glu khong tach dugc
hoan toan va thoi gian phan tich >3000 s; voi axit citric
khong tach duge cac pic Glu va Asp. Hinh 1 1a dién di do
phén tich 5 amino axit khi sit dung cac dung dich dién ly
khéc nhau (d6i véi timg loai BGE, ndng d¢ cho tin hi¢u tot
nhét trong khao sat duogc lya chon). Trén co sé két qua khao
sat néu trén, axit lactic vdi néng d6 2M duoc lua chon lam
dung dich dién ly nén.

(2)
50mv| (1

(1): Lysin

(2): Alanin

(3): Prolin

(4): Axit Glutamic
(5): Axit Aspartic
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Hinh 1. Pién di db phan tich cac amino axit khi st dung céc
dung dich di¢n ly nén khac nhau.

A) Axit formic 2M; B) Axit axetic 2M; C) Axit succinic 0,5M; D) Axit
citric 2M; E) Axit lactic 2M. Cac diéu kién phan tich khac dugc gid co
dinh: dién thé& tach -15 kV; thai gian bom mau 30 s; mao quén silica nong
chédy 1.D=50 um, L =60 cm, L =52 cm.

7 Ttot
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Lua chon dién thé tach: khi ting d¢ 16n cta dién thé
tach, cudong do dién truong ting lam cho céc ion di chuyén
nhanh hon, cac pic thu gon lai va c6 hinh dang sdc nét hon,
dong thoi dién tich pic ciing nho hon (hinh 2). So sanh cac
yéu td vé dién tich tin hiéu, d6 phan giai va thoi gian di
chuyén cho théy, tai thé tach -16 kV céc gié tri thu duoc 1a
phu hop nhit. Vi vay -16 kV duge chon lam dién thé cho
qué trinh tach tiép theo.
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Hinh 2. Sy bién ddi ctia d¢ phan giai va thoi gian phan tich ctia
cac amino axit tai cac dién thé& tach khac nhau.

Thoi gian phan tich dugc xac dinh sau tin hiéu cla pic cudi cing (Asp).
Cac diéu kién phan tich khac dugc giti c6 dinh: BGE axit lactic 2M; thai
gian bam mau 30 s; mao qudn silica nong chay 1.D=50 pm, L =60 cm,
L =52 cm.

Lua chon thoi gian bom mau: khi ting thoi gian bom
mau, lugng miu di vao mao quan nhiéu hon, dan t6i dién
tich cac pic tang dan, hinh dang pic trd nén dodng rong nhu
tai hinh 3. Trong nghién ctru nay, thoi gian bom mau 1 40 s
duoc lya chon nhim dat két qua tdt vé ca dién tich va hinh
dang pic.
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Hinh 3. Pién di db phan tich cac amino axit véi thoi gian bom
méiu khac nhau.

Cac diéu kién phan tich khac dugc giti c6 dinh: BGE axit lactic 2M, dién
thé tach -16 kV; mao quan silica nong chdy 1.D=50 um, L =60 cm, L
=52 cm.

TAP CHI

HOA HOC

ONG NGHE I} Nam 61(1)1.2019

Khoa hoc Ky thuat va Céng nghé n—

Danh gia phwong phap

Két qua danh gia phuong phép phén tich da xay dung
duogc trinh bay trong bang 2. Hé s6 hoi quy tuyén tinh cua
cac dudng chudn thu duge co gia tri rat tot, voi R2>0,999.
Do 1ap lai cua dién tich pic va thoi gian di chuyen dugc thé
hién dudi dang d6 léch chuén tuong di (RSD) trén nén
nude deion déu nho hon 2% khi phan tich lap lai 7 1an. Hiéu
suat thu hoi dat duoc tir 93 dén 115% khi thém chuén cac
amino axit vao nén nudc deion va nén mau sira ong chua.
Cac gia tri hiéu sudt thu hi nay la chép nhan duoc theo
AOAC [9]. Céc gia tri LOQ thu dugc trong khoang 0,04-
0,09 mg amino axit/g stita ong chuia tuoi.

Bang 2. Cac thong so danh gia phuang phap.

Lys Ala Pro Glu Asp

Khoing duong chuin (mg/l) 2100 2+100  2+100  2+100  2+100
Hés6 R 09996 09997 09998 09994  0,9994
Puong o daomg chin 1,7, DR SRR Y R
LOD (mg/l) 022 026 050 045 055
LOQ (mg/) 078 087 17 15 1.8
LOQ¥(mg/g siaong chi) 0,039 0,044 0,085 0075 0,090

SD, (%) (n=7) 1,0 1.2 1.4 13 1.8

SD i i 70) (057) 0,9 1,0 1,0 1,0 0,9
Thoi giandi chuyén (s) (=7) 47845 67747 85748 93749 99349
Higu sudt thu hoi (%6 nén o0 1o oo 106 93908 924101 974112

nudc deion va nén mau thue

y la dién tich pic chat phan tich (mV.s); x 1a ndng do chat phan tich

(mg/l).
*tinh toan dua trén mau stia ong chaa co khéi lugng 1000 mg hoa tan
vao 50 ml nudc.

Sau khi xdy dung duong chuan va danh gia phuong
phap, 4 mau that (bao gdm 3 mAu sita ong chua twoi - mau
1,2, 8 va 1 mau sira ong chia non tuoi - mau 9) da dugc
phan tich nham dinh lwong 5 amino axit tir do néu trén trong
thanh phﬁn. Gian d6 dién di phan tich mau dugc minh hoa
trén hinh 4.

Céc két qua phan tich mau thyc thu dugc trong bang 3
cho théy su 6 mit ciia ca nam amino axit ty do trong mau
sita ong chua tuoi. Pro c6 ham lugng cao nhét trong khoang
1,90 t6i 4,69 mg/g. Lys 1a amino axit thiét yéu cho co thé, co
ham luong cao tiép theo trong khoang 1,01 t&i 3,87 mg/g.
Glu va Asp c6 mit trong mot s6 mau & khoang ndng do tir
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Hinh 4. Pién di dé phan tich cac amino axit: (1) lysin, (2)
alanin, (3) prolin, (4) axit glutamic va (5) axit aspartic trong cac
mAu siia ong chia.

Cac diéu kién phan tich gom BGE axit lactic 2M; dién thé tach -16 kV;
thai gian bom mau 30 s; mao quén silica nong chdy 1.D=50 um, L =60
cm, L =52 cm.

0,20 t6i 0,72 mg/g. Ala chi xudt hién trong mau sita ong
chtia non & ham lugng gan gidi han dinh lwong 0,05 mg/g.
C6 thé nhan thdy mau sira ong chtia non ¢6 ham luong cac
amino axit, dic biét 1a Lys vuot troi so voi cac mau con lai.

Bang 3. Két qua phan tich ham lugng 5 amino axit ty do trong
mjt s6 miu sifa ong chia.

~ Ham lwgng cic amino axit tu do (mg/g)
Mau

Lys Ala Pro Glu Asp
Sira ong chua twoi
Mau 1 2,74 <LOD 3,04 0,72 0,23
Mau 2 1,01 <LOD 1,90 0,77 <LOQ
Mau 8 2,51 <LOD 3,93 <LOD <LOQ
Sira ong chiia non tuwoi
Mau 9 3,07 0,05 4,69 <LOD 0,20
LOD 0,011 0,013 0,025 0,023 0,028
LOQ 0,039 0,044 0,085 0,075 0,090
KHOA HOC
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Keét luan

Trong nghién ctru nay, quy trinh phan tich str dung CZE
két hop véi detecto C*D di duoc xdy dung dé dinh luong
5 amino axit chinh trong stta ong chua. Phuong phap phan
tich di dugc danh gia thong qua cac thong sé vé duong
chuan do lap lai, d§ ding va thir nghiém phan tich mot
s6 mau sita ong chua tuoi. Cac két qua thu duoc cho thay
phuong phap CZE-C*D dép mg dwoc muc tiéu kiém soat
chat luong thuc pham.

Nghién ctru duge thuc hién trong khuon khé dé tai
nghién ctu khoa hoc cap Pai hoc Quoc gia Ha Noi ma so
QG.18.05. Cac tac gia xin tran trong cam on.
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Nghién ctru xac dinh chon loc dién hoa axit uric
trén dién cue bién tinh nano compozn rGO/PDA-Cu/CuNPs

Buii Thi Phwong Thio', Dwong Thu Ha2 Pd Phiic Quan?’, Trin Pai Lam?

"' Truong Pai hoc Cong nghiép Viét Tri
’Truong Pai hoc Khoa hoc Tu nhién, Pai hoc Quoc gia Ha Nji
‘Hoc vién Khoa hoc va Cong nghé, Vién Han lam Khoa hoc va Cong nghé Viét Nam

Ngay nhéan bai 2/11/2018; ngay chuyén phan bién 5/11/2018; ngay nhan phan bién 3/12/2018; ngay chip nhan dang 7/12/2018

Tom tit:

Pién cuc than thity tinh (GCE) bién tinh véi graphen oxit khir (rGO), polydopamin (PDA) va hat nano dong (GCE/
rGO/PDA-Cu/CuNPs) dwrgc ché tao bing phwong phap dién héa sir dung von-ampe vong (CV) dé xac dinh axit uric
(UA). Pic tinh Iy héa ciia dién cwe bién tinh dwoc danh gia bing phwong phap kinh hién vi dién tir quét (SEM) va
CV. Dbap trng dién hoa von-ampe Xung vi phan (DPV) ciia UA trén dién cuc bién tlnh dwgec thuc hién trong dung dich
dém 0,1M phot phat (pH=7) cho thay moi quan h¢ giira cwong do dong andt va nong dd ciia UA trong khoang tuyen
tinh tir 11,9 dén 393 uM. DPién cuc bién tinh c6 thé dugc ap dung dé xac dinh dién héa UA trong cic miu nuée tiéu

véi d§ nhay va do tin ciy cao.

Tir khéa: axit uric, graphen oxit, hat nano dong, nwéc tiéu, polydopamin.

Chi s6 phén loai: 2.4

Pat van de

Axit uric (UA) - mot phan tir oxypurin rit quan trong
trong co thé va la san pham cubi cing ciia qua trinh chuyén
hoa purin. UA véi nong do cao trong mau la dau hiéu cua
mot sé bénh nhu gut, ting UA mau va céc bénh lién quan
khac [1-3]. Vi vay, xac dinh néng d6 UA trong mau sinh hoc
dong mot vai tro quan trong trong phan tich 1am sang. Trong
nhitng nam gan day, phuong phap phén tich dién hoa dé xac
dinh UA da dugc cac nha khoa hoc dac biét quan tam do cé
dd nhay cao va quy trinh phan tich don gian [4]. Tuy nhién,
phan tich dién héa UA trén dién cyc khong bién tinh gip
nhiéu han ché nhu: d¢ nhay va do lap lai kém, bi anh huong
boi cac hop chat khac co kha nang oxy hoa dién hoa cing
ton tai trong mau sinh hoc nhu axit ascobic (AA), dopamin
(DA). Tin hi€u dién hoa ctia DA, AA va UA trén dién cuc
khong bién tinh thuong xen pha nhau, vi vay rat kho dinh
lugng chinh xadc UA. Xu hudng phan tich dién ho4 hién dai
xac dinh UA, DA va AA thudng sir dung dién cuc bién tinh
bang cac vat liéu khac nhau nhu polyme dan [5], hat nano
kim loai [6-10], hodc vit liéu cacbon céu trac nano (dng
nano cacbon va graphen) [10, 11], hodc polydopamin [12]
dé bién tinh bé mat dién cuyc.

Trong bai bdo nay, mang compozit cia graphen oxit
khir bang dién hoa (rGO), polydopamin-Cu (PDA-Cu) va
hat nano Cu (CuNPs) duoc su dung dé bién tinh dién cuc
than thuy tinh (GCE) nhim xac dinh chon loc UA va loai

‘Tac gia lién hé: Email: doquan@yvnu.edu.vn
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bo anh huong ciia DA va AA khi c6 mat dong thoi trong
dung dich phéan tich. Véi viéc st dung mang compozit ctua
polydopamin-Cu va CuNPs di lam tang dang ké do nhay va
d6 chon loc cua phép phan tich UA.

Thuc nghiém
Héa chit va thiét bi

Cac hod chat va thiét bi ding trong nghién ctru gom UA,
DA, CuCl,, bot graphit va cac hoa chat vo co khéc thudc loai
tinh khiét phan tich (Hang Sigma-Aldrich, Dtic). Graphen
oxit (GO) dugc diéu ché theo phuong phap Hummer tir bot
graphit. Cac dung dich dugc chudn bi ding nudc deion bang
thiét bi Mili-Q (Barnstead, M¥). Céac phép do dién hoa dugc
thuc hién trén thiét bi dién hoa da nang Autolab (AUT302N,
AUTOLAB, Eco Chemie B.V., Ha Lan). Binh do dién hoa
gém dién cuc sanh Ag/AgC1 (NaCl 3M), dién cuc phu trg
platin, dién cuc lam viéc la dién cuc than thuy tinh ¢6 duong
kinh 2 mm (6.1204.110 GC, Metrohm, Thuy S¥). Anh SEM
va phé EDS cua vat li¢u dugc thyc hién trén may FE-SEM
Hitachi S-4800 (M: x25 - x800.000, d=1 nm, U=0,5-30 kV)
dugc trang bi hé théng ghi phd EDS.

Ché tao vit liéu GO

GO dugc tong hop tir bot graphit sir dung phuong phap
Hummer [13]. Quy trinh didu ché GO tém tit nhu sau:
graphit (1 g), natri nitrat (NaNO,, 0,5 g) va axit sunfuric dac
(H,SO, 98%, 23 ml) duoc lay Vao binh 500 ml gitt & 5°C,
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Abstract:

A glassy carbon electrode (GCE) modified with reduced
graphene oxide (rGO), polydopamine (PDAs), and
copper nanoparticles (GCE/rGO/PDA-Cu/CulNPs)
was successfully fabricated by the electrochemical
method using cyclic voltammetry (CV) for selective
determination of wuric acid (UA). Physicochemical
characteristics of modified electrodes were evaluated
by means of scanning electron microscopy (SEM) and
CV. Electrochemical measurements by pulse differential
voltammetry (DPV) of UA on the modified electrode were
performed in the 0.1M phosphate buffer solution (pH 7);
the results showed a relationship between the intensity of
the anode current and the UA concentrations within the
linear range from 11.9 to 393 uM. The modified electrode
can be applied for electrochemical determination of the
UA in urine samples with high sensitivity and reliability.

Keywords: copper nanoparticles,
polydopamine, uric acid, urine.

Classification number: 2.4

graphene oxide,

khuay trong 5 phut. Thém tirng lwgng nho KMnO, (3 g) vao
binh trén. Hon hgp phan tmg dugc gitt & 5°C trong vong
2h, sau do tang dan nhiét do dén 35°C va khqu hon hop tai
nhiét do nay trong 30 phiit. Thém 46 ml nuéc deion vao hon
hop va gia nhiét dén 98°C, khuay tiép trong vong 30 phiit.
Cubi cung, 140 ml nuNéc deion va 10 ml dung dich H 0,
10% dugc thém vao hon hop. Mau cua dung dich phan tan
chuyén tir den sang vang chanh. San pham tong hop dugc
loc va rira lai bang dung dich HC1 (5% theo khdi lwong) va
nude deion. GO thu duoc tir qua trinh tong hop trén dugc
sdy kho ¢ 60°C trong 12h.

TAP CHI

HOA HOC

ONG NGHE I} Nam 61(1) 1.2019

Ché tgo dién cuc bién tinh GCE/rGO/PDA-Cu/CuNPs

bién cuc GCE dung trong nghién cttu dugc danh bong
béng bt nhom oxit ¢d hat 0,3 pm. Sau d6 rira dién cuc béng
con tuyét dbi va nudc deion, rung siéu 4m trong 30 gidy trong
nude deion dé loai bo cac tap chét bam trén bé mit dién cuc.
Dién cyc GCE sau d6 dwoc lam sach bing quét von-ampe
vong (CV) & thé tir -0,6 dén 0,8 V vai 6 vong quét, toc do quét
100 mV/s trong dung dich H,SO, IM. Kha nang hoat dong
dién hod cua dién cuc sau khl 1am sach dugc kiém tra kha
ning dién hoat bang CV trong dung dich gdm feroxyanua 1
mM va KC10,1M & thé tir -0,3 dén 0,5 V véi tbe do quét 100
mV/s. Lay 3 ul dung dich GO (1 mg/ml) phan tn trong nudc
deion phii 1én bé mit dién cuc GCE. Khir dién hoa GO trong
dung dich NaCl 0,5M biang phuong phap CV trong khoang
thé tir -1,5 dén +0,5 V vai 10 vong quét thé, toe do quét 100
mV/s. Dién cuc GCE/GO sau khi khtr dién hoa dugc ky hig¢u
1a GCE/rGO. Mang PDA-Cu dugc tong hop 1én GCE/rGO
dung phuong phap CV trong khoang thé tir -0,3 dén +0,5 V,
tbc do quét 10 mV/s voi sb vong quet CV khao sat tir 2 dén
12 vong. Dung dich dién phén gom DA 10 mM va CuCl, thay
dbi tir 10 dén 40 mM. Pién cuc GCE/rGO/PDA-Cu tlep tuc
duoc két tua hat nano dong bang CV trong dung dich chira
Cu* voi nong d6 3 mM trong H,SO, 0,IM v6i 10 vong quét
0 khoang thé tir -0,5 dén +0,7 V toc do quét 50 mV/s. bién
cuc bién tinh duoc ky hi¢u la GCE/rGO/PDA-Cu/CuNPs.
Phuong phéap DPV duoc sir dung dé danh gia dap tung dién
hoa cua cac dién cuc bién tinh. Cac dién cuc bién tinh duoc
rira bang nudce deion va dung dé khao sat va xac dinh UA
trong mau nudc tiéu.

Phén tich mau nwée tiéu

Méu nuéc tiéu ldy trong 24h dugc tron déu bang rung
siéu am trong 15 phut, sau d6 dem pha loang véi dém PBS
pH=7 theo ty 18 nudc tiéu:dém PBS 1a 3:500 va tién hanh x4c
dinh UA theo phuong phép thém chuén. Néng do UA trong
dung dich thém chuan 1 103M.

Keét qua va thao luan

Téng hop dién héa dién cwe bién tinh GCE/rGO/PDA-
Cu/CuNPs

Két qua tong hop dién hoa PDA-Cu trén dién cuc GCE/
rGO bang CV trén hinh 1A cho thay, c¢6 sy xuat hién 2 pic
andt tai thé 0,0 va 0,25 V tuong tng v&i qué trinh oxy hoa
ctia Cu® thanh Cu?*va DA thanh PDA. Khi quét thé theo
chiéu catdt co pic khir tai thé -0,04 V tng véi qua trinh khur
ctia Cu?* thanh Cu®. Qua trinh két tuia CuNPs trén dién cuc
GCE/rGO/PDA-Cu trong hinh 1B cho thdy, chi xuét hién
cap tin hi¢u oxy hoa khir cia Cu?**. Nhu vay, PDA khong
tham gia vao qua trinh oxy héa dién hoéa. Dé so sanh kha
nang dién hoat cua cac dién cuc bién tinh br?mg vat liéu
khéc nhau, dung phuong phap khao sat CV trong dung dich
[Fe(CN),]* cho thdy cuong d6 dong oxy hoa khir ctia Fe?'/
Fe* giam dan theo tht ty GCE/rGO > GCE/rGO/PDA-Cu/
CuNPs > GCE/rGO/PDA-Cu. Mac du dién cuc GCE/rGO



¢6 kha nang dién hoat cao nhat, nhung do d6 6n dinh va do
chon loc dién hoa v6i chat phan tich thap nén khong dugc
su dung trong xac dinh UA. Vi vay, GCE/rfGO/PDA-Cu/
CuNPs duoc lua chon dé xac dinh UA.
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Hinh 1. Tin hiéu CV clia qué trinh tdng hgp dién héa (A) PDA-
Cu va (B) CuNPs.
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Hinh 2. Tin hiéu CV clia cac dién cuc bién tinh khac nhau khi

do trong dung dich K,FeCN) /K, ,Fe(CN), 1 mM va KCI 0,1M. (a)
GCE/rGO; (b) GCE/rGO/PDA-Cu/CuNPs; (c) GCE/rGO/PDA-Cu.
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Vi dién cuc bién tinh thuong co6 gia tri bé mat dién hoat
khong ding vai dién tich bé mit vat Iy caa chung, nén can
phai xac dinh gia tri ndy dé lam sang t6 thém vé d¢ nhay
cta dién cuc bién tinh. B& mat dién hoat dugc xéac dinh tir
phuong trinh Randles-Sevcik [14]:

i,=(2,69.109 n*2.4.D", C.v'” (1)

trong do, i 1a cuong do dong tai vi tri pic (trong tmg voi
qua trinh oxy hoa) n 1a s6 dién tir trao ddi trong phan tmg
oxy hoa khtr (n=1); 4 (cmz) 1a dién tich bé mit dién hoat ctia
dién cuc; D (cm?/s) 1a hé s6 khuéch tan cua ion [Fe(CN),J*
trong dung dich (D=6,5.10 cm?/s); C 1a nong d6 mol/cm3
cua ion [Fe(CN), 1+ (1.10° mol/cm®) va v (V/s) 1a tc o quét
thé vong tuan hoan. Tir d6 thi ciia phuong trinh biéu dién sy
phu thudc tuyén tinh i , vav'? xédc dinh dugc dién tich bé
mat dién hoat cia dién cuc (hinh 2).

F0pm Electron image 1
Spectrum 13

Weight Atomic
3 %
19.26
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16.58
3.59
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1 2 3 4 5 6
Nangluwong keV

Hinh 3. (A) Anh SEM va (B) phd EDS cia GCE/rGO/PDA-Cu/
CuNPs.

Két qua xac dinh dién tich bé mat dién hoat cua dién
cuc GCE/rGO/PDA-Cu/CuNPs 1a 21,96 mm?. So véi dién
tich bé mat dién hoat cua dién cuc GCE khi chua bién tinh
1a 3,14 mm? cho thiy, mang PDA sau khi dugc phan tan
CuNPs di lam tang kha ning dién hoat 1én gan 7 lan va
vi vay dién cuc bién tinh GCE/rGO/PDA-Cu/CuNPs duoc
mg dung dé phan tich UA.
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Anh hién vi dién tir quét (SEM) ciia vét liéu rGO/PDA-
Cu/CuNPs trong hinh 3A cho thiy, PDA-Cu tao compozit
v6i GO va trén bé mat vat liéu rGO/PDA duoc tao thanh
céc hat kim loai. Sy hinh thanh hat nano dong trén bé mit s&
dong vai tro loai bo anh hudng cua AA trong qua trinh xac
dinh dién hoa cta UA [7].

Pé lam sang to thém sy ton tai ciia Cu?* trong mang
PDA, két qua do phé EDS cho thdy tin hiéu cia Cu xuit
hién tai gia tri nang luong 0,95 keV va ham lugng ctiia Cu
trong mang PDA chiém 1,03% theo khdi lugng. Tuy nhién,
vO1 viée khir dién hoa truc tiép cta Cu?" thanh CuNPs trén
PDA-Cu da tang ham lugng phan tram theo khdi lugng Cu
1&€n 22,43%. Nhu vay, kha nang xtc tac dién hoa cho phan
ung oxy hda UA boi CuNPs dugc tang cuong 10 rét.

Bang 1. So sanh dap dng clta UA véi cac dién cuc GCE/rGO/
PDA-Cu/CuNPs véi ty 1é DA-CuCl, khéac nhau.

Ty 1¢ DA/CuCl, Khoing tuyén tinh (uM) D nhay (LA/uM)
(mM)
11,9-60,2 0,0751
10710 60,2-224 0,0389
10/20 23,4-269 0,0397
11,9-224 0,0853
10730 224-393 0,0419
11,9-104 0,0638
10/40 104-186 0,0427

So sanh dic trung dién hoa cua dién cuc GCE/rGO/PDA/
CuNPs va dién cyc GCE/rGO/PDA-Cu/CuNPs cho thay,
mang PDA khi khéng c6 Cu dap tng kém hon vé khoang
tuyén tinh va do nhay d6i v6i UA. Két qua do von-ampe
xung vi phan (DPV) cta UA trén cac dién cuc ché tao tr
dung dich DA-CuCl, v6i ty 1¢ mmol khic nhau ctia DA/Cu*
trong bang 1 cho thdy, cac dién cuc c6 dap ting véi khoang
tuyén tinh khac nhau va véi ty 16 DA/Cu?* 1a 10/30 theo
mmol cho dép tng tot nhit vé khoang tuyén tinh va d6 nhay.

Xic dinh UA trén di¢n cwc bién tinh

Trong phan tich dién hoa d6i v6i UA, qua trinh oxy hoa
ctia UA dién ra theo so dd sau [5, 11]:

o
H
H
HN
| >-:ou . zu_.u—s/ >:o +C0o,+2H+2e
i NH, 3
o i H o H

Axit uric Alantoin
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Tién hanh do CV cua dién cuc GCE/rGO/PDA-Cu/
CuNPs trong dung dich UA cho thdy qué trinh oxy héa khtr
cia UA la bat thuan nghich. Pudng CV trong hinh 4 cho
thiy pic oxy héa UA xuét hién tai thé 0,23 V va khong c6
pic khir. Pé xac dinh hé vat liéu rGO/PDA-Cu/CuNPs tbi
uu dung trong xac dinh dién hoa UA, cac diéu kién téng hop
dién hoa gdm thanh phan dung dich dién phan, thoi gian
tong hop PDA-Cu va CuNPs da dugc khao sat.
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0050x10% | 20mV/s
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-0,150x10°

0,500 0,250 0 0250 0500 0750
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Hinh 4. Tin hiéu CV ctia UA trén GCE/rGO/PDA-Cu/CuNPs vdi
cac toc do quét the khac nhau tir 20 dén 125 mV/s.

Bang 2. So sanh dap ting cta UA trén céac dién cuc GCE/rGO/
PDA-Cu/CuNPs véi s6 vong dién phan CuNPs khac nhau.

S6 vong CV téng hgp  Khoéng tuyén tinh Do nhay
dién héa CuNPs (BM) (RA/pM)
5 11,9-60 0,091
2-186 0,0478
10 11,9-224 0,0853
224-393 0,0419
15 11,9-104 0,0511
104-269 0,0292

bién cuc GCE/rGO/PDA-Cu/CuNPs v6i PDA-Cu
dugc tong hop vai s6 vong CV khao sat tir 2 dén 12 vong
dung dung dich DA-CuCl, ¢6 ty 1¢ mmol DA/Cu la 10/30
va CuNPs tong hop vé6i s6 vong dién phan khac nhau cho
thay, hé vat liéu c6 thoi gian dién phan PDA-Cu véi 3 vong
quét thé CV va CuNPs duoc tong hop véi 10 vong CV cho
dap tng dién hoa v6i UA c6 khoang tuyén tinh va do nhay
t6i wu (bang 2).
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Hinh 5. (A) Tin hiéu DPV va (B) dudng chuin xac dinh UA trén
GCE/rGO/PDA-Cu/CuNPs.

Trén h¢ vat liéu da duoc téi uu, tién hanh khdo sat dap
g dién hoa DPV cuia cac dung dich UA c6 ndng d6 khac
nhau. Két qua biéu dién trong hinh 5 cho thdy, pic oxy
hoa ctia UA xuét hién tai thé 0,19 V va duong chuan véi 2
khoang tuyén tinh, gdm khoang tuyén tinh tir 11,9 dén 224
uM véi d6 nhay 0,0853 pA/uM va khoang tuyén tinh tir
224 dén 393 voi do nhay 0,0419 pA/uM. Gidi han phat hién
LOD cua dién cuc 1a 3,9 uM va LOQ 1a 10,78 pM.

D§ chon loc va on dinh dién héa ciia UA trén dién cwc
bién tinh

Pap ung dién hoa cta DA: xac dinh DPV cta DA trén
dién cuc GCE/rGO/PDA-Cu/CuNPs duoc biéu dién trén
hinh 6. Két qua khao sat cho thay, dién cuc dép tng véi
DA trong khoang nong d¢ DA tir 4,9-45,2 uM, v&i d6 nhay
0,465 wA/uM, hé s tuong quan R?=0,996. Khao sat sy c6
mit dong thoi cua DA trong dung dich khi xac dinh UA
trinh bay trén hinh 7 cho thdy, DA khong giy anh hudng
dén két qua phan tich, do tin hiéu DA va UA dugc phén tich
hoan toémrvdi cac thé oxy hoa ciia chung cach biét trong
khoang thé AE la 120 mV.
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Hinh 6. (A) Tin hiéu DPV va (B) dudng chuin xéac dinh DA trén
GCE/rGO/PDA-Cu/CuNPs.
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Hinh 7. Tin hiéu DPV clia hon hgp UA va DA trén GCE/rGO/
PDA-Cu/CuNPs véi ndng do UA 11 pM va DA thay déi trong
khoang tir 12,5 dén 24,1 uM.

Pap g dién hoa cua AA: khao sat dap ung cua AA
trén dién cyc GCE/rfGO/PDA-Cu/CuNPs cho thiy khong
xuét hién tin hidu dién hoa ctua AA. Ly giai cho hién twong
nay la do Cu?* giai phong tir b& mat dién cuc bién tinh s&
oxy hoa chon loc AA trong dung dich ngay ca khi dung dich
¢6 chira AA véi ndng do cao [7].

Dién cuc GCE/rGO/PDA-Cu/CuNPs c6 thé sir dung dé
xac dinh UA véi 50 lan do ma khong c6 su suy giam tin hiéu

M
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va sai s0 phép do trong khoang tuyén tinh nho hon 5%.
Phin tich méu nuéc tiéu

Két qua xac dinh ndng do UA trong miu nudc tiéu pha
loang (C) bang phuong phap thém chuan voi 6 diém thém
chuin 13 16,6 uM, hiéu suit thu hdi dat 95-97%. Nong do
ctia UA trong mau nudc tiéu ban dau (C, A) dugc tinh tir nér‘lg
d6 UA trong mau pha loang nhan voi h¢ s pha loang 167 lan
g voi ty 18 3:500 thu duoc két qua 13 2,766 mM. Tién hanh
phan tich trong tu véi mau nude tiéu lay tir cic tinh nguyén
vién & d¢ tubi khac nhau, két qua phan tich thu dugc trinh
bay trong bang 3.

Bang 3. K&t qua xac dinh UA trong miu nudc tiéu.

C,_ ciia miu nude tiu C,, ciia miu nuée tidu

b} tudi pha loiing (M) ban du (mM)
<30 tudi 15,89 2,65
> 30 tudi 16,34 2,72
> 50 tudi 17,08 2,85

So sanh v6i ndong do UA duge quy dinh trong nudc tiéu
tir 1,5-5,9 mM [3], ta thay ndng d6 UA trong nudc tiéu liy
tir tinh nguyén vién & cac do tudi khac nhau déu nim trong
gidi han cho phép.

Trong nghién ctru nay, dién cuc bién tinh GCE/rGO/
PDA-Cu/CuNPs dugc ché tao thanh cong theo diéu kién
da duge tdi vu. Pién cuc ¢ dap tng chon loc va on dinh
cao voi UA. Khi trong dung dich c6 DA va AA thi tin hi¢u
ciia DA dugc tach hoan toan va AA khong anh huong dén
xac dinh UA. Pién cuc GCE/rGO/PDA-Cu/CuNPs dat gidi
han phét hién v6i UA tai 3,9 uM va tuyén tinh trong khoang
11,9-393 uM. Pién cuc da dugc Gng dung xac dinh UA
trong mau nude tiéu theo phuong phap thém chuan véi két
qua thu dugc c6 d6 chinh xac va tin cay cao.
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Phat tri‘én quy trinh phan tich phenol
trong nuwoc bang phwong phap dién di mao quan
str dung detector UV/Vis tu ché tao

Nguyén Manh Huy, Nguyén Thanh Pam, Dwong Hong Anh, Pham Hung Viét"
Truong Dai hoc Khoa hoc Tu nhién, Dai hoc Quéc gia Ha N¢gi
Ngay nhan bai 11/10/2018; ngay chuyén phan bién 16/10/2018; ngay nhan phan bién 20/11/2018; ngay chip nhan dang 26/11/2018

Tém tit:

Bai b4o trinh bay viéc nghién ciru xay dung quy trinh phan tich phenol trong nuéc bing phwong phap dién di mao
quan (CE) sir dung detector do quang Vung UV-Vis (detector UV/Vis) két hop chiét 16ng - 16ng hai glal doan. Quy
trinh phan tich dwgc tdi wu héa qua cac diéu kién chiét va diéu kién phan tich dién di. Diéu kién chiét dwgc tdi vu
bang phwong phap bé mit muc tiéu (RSM) két hop véi thiét ké 1ap tim (CCD); 20 thi nghiém di dwoc xiy dung
cho ba yéu té khao sat 1 thé tich dung méi chiét 1-octanol, thoi gian lic chiét giai doan mdt va giai doan hai. Cac
diéu kién phan tich dwoc khio sat bao gom dung dich dién ly nén (ndng d borac va pH dung dich), dién thé tach
va thoi gian bom miu. Phwong phap phan tich da t6i wu c6 giéi han dinh lwong véi phenol la 8,7 mg/l, o Lip lai vé
thoi gian di chuyén va dién tich pic tin hiéu tot (RSD<3%). Phwong phap di dwoc ap dung dé phan tich mgt s6 miu
nuée mit. Cac két qua thu dwoe c6 d9 1éch so véi cac két qua ciia phwong phap di chirng (sdc ky 16ng hiéu ning

cao) trong khoang 6,4-13,1%.

Tir khéa: chiét 16ng - 16ng hai giai doan, detector do quang viing UV-Vis, dién di mao quan, miu nwéc, phenol.

Chi s6 phén loai: 2.4

Tony quan

Phenol (C,H,OH) 1a hop chét rat doc, c6 thé gdy anh
hudng cap tinh va man tinh tdi sinh vat va con nguoi: doi
voi sinh vat, phenol gy chét hodc tich liy 1au dai trong
co the sinh vat; dbi voi con ngudi, phenol gy bong ndng
khi tiép xuc v6i da va niém mac, khi xam nhép vao co thé,
chung gy ton thuong 1én nhiéu co quan khac nhau nhung
chu yéu 1a tic dong lén hé than kinh, hé tim mach va méau
[1, 2]. Phenol la san pham phat sinh trong nudc thai cua
qua trinh luyén cde trong cac nha may, khu cong nghiép san
xudt gang thép, luyén kim. Mot sb nganh cong nghiép khac
nhu cong nghiép dét, nhudm, san xuat giay, nhya hodc san
xuét thude trir sau ciing 1a nhimg ngudn phét thai phenol ra
moi truong [3]. Ngoai ra, hop chat phenol cling dugc sinh
ra tu nhién trong qua trlnh phan huy cua thuc vat va cac
hop chat htru co. Céc ngudn phat thai phenol trén déu phat
thai chu yéu vao moéi truong nudc. Bai vay, viée kiém soat
ham huong phenol trong nudc 1a rat can thiét. Quy chuan
Viét Nam vé nuéc mat hang B1 quy dinh ham lugng phenol
téng s6 khong vuot qua 10 pg/l véi dbi tugng nudce phuc vu
giao thong, thuy lgi va tudi tiéu (thuong la nudce song, kénh,
muong, rach...) [4].

Hién dd co nhiéu phuong phép nghién ciru phén tich
ham lugng phenol hay ham lugng phenol tong nhu: phuong

‘Tac gia lién hé: Email: vietph@vnu.edu.vn
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phap cuc phd xung vi phan, cac phuong phap tric quang,
hoa phat quang, huynh quang, cac phuong phap sic ky khi
khdi phd (GC-MS), sic ky long khdi phd (LC-MS), sic ky
long su dung detector quang hay detector dién hoéa, dién
di mao quan khdi phd (CE-MS) [5-15]. Trong TCVN, dé
kiém soat va danh gia nhanh ham lugng phenol, phuong
phap tric quang thuong dugc sir dung boi wu diém don
gian, nhanh chéng nhung cé gidi han phat hién cao (LOD
~ 0,03 mg/l) va d9 chinh xac khong cao [5]. Phuong phap
tiéu chuan GC-MS cho két qua véi giéi han phat hién ¢ vai
g/l va do chinh xac cao nhung doi hoi phai sir dung nhiéu
trang thiét bi va thuc hién trong phong thi nghiém, chi phi
phan tich cao va van hanh phtc tap [6]. Trong nghién clru
nay, phuong phap dién di mao quan dung detector do quang
vung UV-Vis (CE-UV/Vis) dé xac dinh phenol trong nudc
dd dugc phat trién trén co sé s dung mot hé thiét bi dién
di mao quan tu ché tao. Nghién ctru c6 muc tiéu xdy dung
dugc mot quy trinh phan tich véi chi phi phén tich thap, cho
d6 nhay va do chinh xac pht hop dé c¢6 thé phuc vu phan
tich hién truong.

Thuc nghiém
Héa chit va thiét bi

Hbéa chat: cac héa chat duoc su dung la chit chuan
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Method development
for the analysis of phenol in water
by capillary electrophoresis using
a home-made UV/Vis detector
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Abstract:

Development of analytical procedure for the
determination of phenol in water by the capillary
electrophoresis method using a home-made UV/Vis
detector combined with the two-stage liquid-liquid
extraction has been studied. The procedure was
optimized with extraction conditions and analytical
conditions. Optimized extraction conditions were
determined using the response surface methodology
(RSM) in connection with the central composite design
(CCD); twenty experiments were conducted to determine
the effect of three factors: volume of the solvent
1-octanol, extraction time of the 1% stage and of the 2"
stage. Analytical conditions which were investigated
included the background electrolyte solution (borax
concentration and pH value), separation voltage and
injection time. Quantification limit of the optimized
procedure was 8.7 pg/l with the good repeatability of
migration time and peak area (RSD<3%). This method
was applied to analyse some water samples. Compared
with the reference method (HPLC), the deviation of
results ranged from 6.4 to 13.1%.

Keywords: capillary electrophoresis, phenol, two-stage
liquid-liquid extraction, UV-Vis detector, water sample.

Classification number: 2.4

phenol d¢ tinh khiét >99,5%, borac decahidrat 98%, natri
hidroxit 97%, axit clohidric dac 37% (Merck, CHLB Dirc);
cac dung moi chiét: 2-octanol 97% (Sigma-Aldrich, M¥);
n-hexan HPLC 98%, diclometan GC 99,9%, 1-octanol GC
99%, acetonitril HPLC grade (Merck, CHLB Dtic); nudc
deion tir may loc nudc tinh khiét dién tr¢ 18 MQ, Milipore
- Simplicity UV, Phap. Mau chuan goc phenol 1000 mg/1
chudn bj trong nuéc deion; mau chuin ndng d6 thap hon
duogc pha lodng tir chudn gbc bang nudc deion.

Thiét bi: hé thiét bi dién di mao quan thao tac bang tay
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(CE manual) két hop detector UV/Vis tur ché tao ciia Trung
tam Nghién ctru cong nghé moi trudng va phat trién bén
viing (CETASD), Truong Dai hoc Khoa hoc Tu nhién, Dai
hoc Quédc gia Ha Noi. Day 1a mot thiét bi nho gon voi khdi
luong nho hon 10 kg, c6 thé dat trong phong thi nghiém
cling nhu mang ra ngoai hién truong. Hé sir dung ngudn cao
thé thuong phdm Spellman +£30 kV (Spellman, Pulborough,
Anh), b ghi dit li¢u e-corder (eDAQ, Denistone East, NSW,
Uc), detector UV/Vis tu ché tao véi dai bude song chon loc
tr 200-800 nm, cdt mao quan silica nong chay duong kinh
trong 50 um, dudng kinh ngoai 375 um, do dai tong 75 cm
va d6 dai hiéu dung 68 cm (Agilent, My).

Cac thiét bi phan tich phu trg: may do pH do dan hién
truong HQ40d (HACH, My), can phan tich AE 200, Mettler
(Thuy Si), may rung Vortex G-560E, Scientific Industries
(Mg).

Phwong phap nghién ciru

Téi wu diéu kién phan tich trén thiét bi CE-UV/Vis theo
phicong phdp lan lieot timg yéu to: khao sat duge thue hién
bang cach t6i vu timg yéu td, gitr ¢d dinh yéu t6 da lva chon
dé tiép tuc khao sat yéu té khac. Cac diéu kién duoc giir cd
dinh 1a: ndng d6 phenol 10 mg/l; budc séng x4c dinh phenol
0 220 nm; mao quan silica nong chay duong kinh trong 50
um, chiéu dai 75 cm (chiéu dai hiéu dung 68 cm). Cac yéu
t6 dugc khao sat 1a dung dich dién ly nén (ndng do borac,
pH) va diéu kién hé phan tich (thoi gian bom mau, dién thé
tach) véi khoang khao sat thé hién trong bang 1.

Bang 1. Khoang khao sét cac diéu kién phan tich phenol trén
hé CE-UV/Vis.

Pidu kién khio sat Khoing khio sat

Nbng d6 borax 10 mmol/I+50 mmol/I

pH dung dich dién ly nén 9,5+12,0
Pién thé tach .10 kV+-22,5kV
Thoi gian bom mau 20+120 giay

T6i wu quy trinh chiét long - long hai giai dogn: sau khi
lya chon céc diéu kién phan tich trén thiét bi CE-UV/Vis,
didu kién xur Iy va lam giau mau dwoc khao sat tiép theo.
Khi phan tich phenol v&i ham lwong thap trong miu nudc,
qua trinh chiét chon loc nham loai bo cac chit anh huong va
lam giau mau 1a rit quan trong, anh huong quyét dinh dén do
nhay, chon loc ctia phuong phap. Hién nay c6 rat nhiéu ky
thuat chiét khac nhau cho hop chat nay nhu chiét pha rin dé
phan tich phenol trong nud6ce [16], vi chiét pha ran va vi chiét
pha 16ng dé phan tich phenol trong mét luong mau nho [17-
19]. Tuy nhién, cac k¥ thut nay déu kha phirc tap hodc dit
tién, yéu cau nhiéu thiét bi phong thi nghiém. Trong nghién
ctru nay, k¥ thuat chiét 1ong - 16ng hai giai doan da duoc lya
chon dé khao sat véi uu diém don gian va dich chiét cubi
cung & pha nudc dé phén tich bang dién di mao quan.

a4



Mot quy trinh chiét 16ng - 16ng gom hai giai doan da
duoc xay dung, quy trinh dugc thyuc hién ¢ nhiét d6 phong
(25°C) va dugc mo ta nhu hinh 1.

100 ml méu

Giai doan 1 pha dung méi chiét
Ise tach pha
Dung ma pheeieds
chiét
500 pINaOH 0,1M

Iy tém Iic vortex
Giai doan 2 — —

% [l ——>Phan tich trén CE-UV/Vis

Hinh 1. Quy trinh chiét 16ng - 16ng hai giai doan.

O giai doan 1, 100 ml mau dugc chiét trong phéu chiét da
¢6 sdn mot thé tich dung méi chiét thém vao tir trude. Mau
nuée duge diéu chinh vé pH=2 khién cho céc ion phenolat
dugc chuyén vé dang phan tir phenol va di vao pha dung
moi chiét khi lac phéu chiét trong mot thoi gian nhit dinh.
Sau khi lac, dé yén 30 phut cho qua trinh tach pha, pha dung
moi chiét dugc vao mot dng thiy tinh ddy nhon va bét dau
giai doan chiét thir 2. Thém 500 pl dung dich NaOH 0,1M
vao 6ng thuy tinh day nhon da c6 pha dung moéi chiét cua
giai doan 1, rung lic voltex trong mot thdi gian nhat dinh.
Phenol s& chuyén vé dang mubi phenolat va di vao pha dung
dich NaOH. Sau khi ly tim 6 phiit véi toc do 1600 vong/
phit, dich chiét 1a pha dung dich NaOH s& duoc chuyén vao
mot vial 1,5 ml bang pipet pasteur va dugc phén tich trén
thiét bi CE-UV/Vis.

Ngoai viéc phai lya chon dung moi chiét, cac yéu tb anh
huéng dén qua trinh chiét 1ong - long con la ty 1¢ chiét va
thot gian lic chiét. Thong thuong, cac yeu t6 nay thuong
dugc t6i ru hoa bang phuong phap téi wu 1an lugt ting yeu
t (one factor at a time method - OFAT) v&i wu diém 1a d&
thyc hién. Tuy nhién, phuong phap nay lai boc 16 nhimg han
ché khi cac yéu tb khao sat trong phén tich anh huéng dong
thoi t6i két qua, viéc khao sat lan luot s& cho diéu kién cudi
cung chua han. da 1a diéu kién tbi wu nhét. Vi vay, dé khic
phuc nhugc diém nay, mo hinh bé mat muc tiéu két hop voi
mot thiét ké lap tam (RSM-CCD) da duoc st dung voi 5
mirc thi nghiém cho 3 yéu t6 1a thé tich dung moi chiét, thoi
gian lac chiét giai doan 1 va thoi gian lic chlet giai doan 2
dé t6i uu hoa quy trinh chiét phenol khoi nén nudc.

Khdo sat lva chon dung moi chiét: 4 loai dung moi 1a
n-hexan, diclometan, 1-octanol va 2-octanol véi cung thé
tich 5 ml dugc sir dung cho quy trinh chiét hai giai doan néu
trén dé lya chon dung méi phit hgp cho viée chiét phenol.

Toi wu cac diéu kién trong chiét long - long voi mo hinh
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RSM-CCD: sau khi lya chon dugc dung méi chiét, cac diéu
kién chiét duoc khao sat qua viéc xdy dung mo hinh thiét
ké thi nghiém dé téi uu hoa cac diéu kién nay cho phan tich
phenol. Vi muc tiéu hiéu qua chiét tot nhat, ham muc tiéu
ctia md hinh 1a hiéu suat thu hdi phenol (Y) voi hiéu suét
thu hdi cang cao thi qua trinh chiét cang tot. Cac nhén té anh
huong t6i qua trinh chiét duoc Iya chon téi wu 1a: thé tich
dung moi chiét (X,), thoi gian lic chiét giai doan 1 (X)) va
thoi gian lac chiét giai doan 2 (X)).

Phan mem design-expert 11 dugc st dung trong moé hinh
thiét 1ap, so thi nghiém N= 2k+2k+6 (N=20 v6i k=3). Trong
d6, k 1a s6 bién s doc 1ap va 2k sb thi nghiém b sung tai
diém sao. Khoang cach tir tim dén diém sao a=2. T4t ca cac
nghién ctru dugc thyc hién ¢ 5 muc (-a, -1, 0, +1, + o). Nhu
vay, trong nghién ctru nay, 20 thi nghiém s& dugc thuc hién
voi 8 thi nghiém cua quy hoach toan phan 6 thi nghiém lap
lai tai tAm va 6 thi nghiém bo sung tai diém sao nam cach vi
tri tam thyc nghiém mot khoang . Sau d6, moé hinh thong ké
biéu dién su phu thudc cua hi¢u suat thu hoi phenol vao cac
nhén t6 dugec ma hoa 1a mot phuong trinh da thire bac hai.
Cudi cung, tr mo hinh xay dung duoc, gia tri hi¢u suat 16m
nhat voi cac diéu kién chiét tdi wu duoc du doan.

Pdnh gid phwong phdp: sau khi t6i uu quy trinh chiét va
phan tich, cac thong sé danh gia phuong phap da duge xac
dinh dé xac nhan hiéu qua cta quy trinh nhu: gioi han phat
hién (LOD), gi6i han dinh lugng (LOQ), khoang tuyén tinh,
d6 lap lai, hiéu sudt thu hoi.

Ap dung phan tich mau thire: ¢ minh hoa cho quy trinh
phéan tich, mdt s6 mau nude mit tai Ha Noi da duoc thu thap
tir cac con muong, song trén dia ban Ha Noi (hinh 2) bao gom:
2 mau NT1 va NT2 dugc lay tir 2 con muong doc theo dudng
Nguyén Chanh va dudng Mac Thai T6; 2 mau nude song Nhué
14 NS1 va NS2 dugc lay dudi cau Dién va cau Trung Vin.
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Hinh 2. Ban dé 1ay mau nu6c mat tai Ha Noi.

Mau sau khi 1iy duoc loc qua mang loc 0,45 pm (dung
cu loc va dung mau déu duoc rira sach béng deion va trang
bang mau thuc). Trude khi thuc hién chiét 16ng - long, mau
sau khi loc duoc axit hoa dén pH=2. Sau qua trinh xt 1y,
dich chiét dugc phan tich trén thiét bi CE-UV/Vis va dong
thoi duoc phéan tich dbi chimg bang phwong phap sic ky
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long hiéu ning cao ghép ndi detector diot mang (HPLC-
DAD).

Trong qué trinh phén tich bang CE, phenol dugc dinh
tinh qua thoi gian di chuyén va khang dinh lai khi thém
chuan vao miu bom, viéc dinh lugng dugc thuc hién theo
phuong phap dudng chuén.

Két qua ndng do phenol trong mau thuc duge xac dinh
nhu sau:

Cphenol dich chiét (mg/1) x 0,5 ml x 1000 pg/mg

Cphenol miu (Mg/) =
100 ml x H% phenol

Phan tich d6i chimng dugc thyuc hién trén thiét bi HPLC-
DAD ctia hang Shimadzu. Cac diéu kién cta thiét bi: cot
C18 Shim-pack VP-ODS (4,6 mm i.d. x 150 mm, kich
thudc hat 4,6 pm); pha dong gdm pha A (acetonitril) va pha
B (dung dich H,SO, ¢6 pH=3,2), toc d6 dong 1 ml/phit;
detector diot array véi budc song lya chon 1a 220 nm.

Két qua va thaoluan
Téi wu diéu kién phan tich phenol bang CE-UV/Vis

Khdo sat anh hwéng ciia nong do borac trong dung dich
dién Iy nén: dbi tuong phenol 1a hop chat co tinh axit rat
yéu (pKa=9,75). Vi vay, ¢ diéu kién pH cao (pH>9), phan
ttr phenol ¢ dang anion (phenolat C. H,O") c6 thé phan tich
bang phwong phap dién di mao quan Dung dich dién ly nén
duoc chon la d&m borat pha tir borac va NaOH, c¢6 pH>9,25.
Vé ly thuyét, khi ap dién thé, cac ion phenolat s& di chuyén
dén cuc duong cua h¢ dién di. Tuy nhién thuc té, cac ion nay
lai di chuyén dén cuc 4m boi & diéu kién pH cao dong dién
di tham thiu (EOF), 14 dong hinh thanh trong mao quan, c¢6
cuong d6 manh va c6 chiéu di chuyén tir duong sang am sé&
16i cudn céc ion phenolat, khién cac ion nay dao chiéu vé
huéng phan cyc am.

Trong hinh 3, ndng d6 borac thay d6i tir 10-50 mmol/l,
dién tich pic phenol ting 1én. O ndng do borac >30 mmol/l,
dién tich pic phenol ting nhe, trong d6 tai ndng d6 borac 45
mmol/I trong dung dich dién ly nén pic phenol cho dién tich
16n nhat. Vi vy, gia trj 45 mmol/l cua borac trong dung dich
dién ly nén duoc chon cho cac nghién ctru tiép theo.

0,09
0,08

,
0,07
0,08
0,05
0,04
0,03
0,02
0,01

0

10 20 30 35 40 45 50

Nong dé borac trong dung dich dién ly nén (mM)

Dién tich pic phenol (AU.s)

Hinh 3. Khao sat anh huéng clia ndng dé borac trong dung dich
dién ly nén téi dién tich tin hiéu phenol.

TAP CHI

HOA HOC
ONG NGHE I} Nam 61(1) 1.2019

Khdo sat anh hieong ciia pH dung dich dién ly nén borac:
sau khi da Iya chon duoc néng d6 borac toi wu tai 45 mmol/l,
giit ¢6 dinh nong do nay, thém NaOH dé gia tri pH thay d6i
tir 9,5 dén 12. Két qua thu duogc trén hinh 4 cho thdy, khi
tang gia tri pH thi dién tich pic phenol ting. Tuy nhién, dé
pH ting thi ndng d6 NaOH thém vao 16n lam dung dich dién
di nén c6 do nhét cao, két qua 1a thoi gian di chuyén ciia ion
phenolat t6i detector lau hon va chiéu cao pic phenol giam,
chan pic dan rong. Nhiing diéu nay anh hudng tiéu cuc toi
thoi gian phan tich va gidi han phat hién ctua phenol. Boi
vay, dé dién tich va chiéu cao pic phenol déu 16m, thoi gian
phan tich phu hop thi pH cta dung dich dién ly nénla 11 va
duoc chon cho thuc hién cac khao sat tiép theo.

ol pHES
10 mAU

‘___]L_J___74 pH 10,0
ﬂ__ﬂ,,_L__ PH 105
___L___L_' pH 10,75
,__JL’—-L—— pH 11,0
__L_\_J‘_ pH 11,25

H 11,5
N__L,_'—/J““ P Phenol
’__/ﬂv‘_’_,_,___,.__w\__ﬂ__ pH 12,0

1000 2000 3000

Thoi gian di chuyén (giay)

Hinh 4. Gian do dién di khdo sat anh hudng ctia pH dung dich
dién ly nén borac.

Khdo sat anh hwong cia dién thé tach: dién thé tach
dugc khao sat trong khoang -10 kV t61 -22,5 kV véi cac gia
tri dién thé la: -10; -12,5; -15; -17,5; -20; -22,5 kV. Tir hinh
5 ¢6 thé thdy, khi ting dlen the tach thi thoi gian di chuyén
ctia ion phenolat t&i detector ngan hon va pic sic nét hon,
anh hudng tich cyc toi thoi gian phan tich va gidi han phat
hién ciia phenol. Diéu nay dugc 1y giai 1a do do 16n dién thé
tach tang thi lyc dién truong tang, do linh dong dién di tang
va ion phenolat di chuyén nhanh hon. Tuy nhién, di¢n thé
tang l1én trén -20 kV thi tin hi¢u nén khong 6n dinh. Boi vay,
diéu kién dién thé tach -17,5 kV dugc lya chon.

-22,5kV
20,0 kV

PV PN
e
,_,,'L/——L— AT5kV

-15,0 kV

o

Phenol 12,5 kV

T T T

1000 2000 3000
Thoi gian di chuyén (giay)

-10,0 kV

Hinh 5. Gian db dién di khao sat anh huéng cta dién thé tach.



Khdo sat anh hwéng ciia thoi gian bom mau: thoi gian
bom mau dugc khdo sat trong khoang 20-120 gidy véi cac
gia tri: 20, 40, 60, 80, 100 va 120 giay. Khi thoi gian bom
mau ting thi dién tich pic phenol ting. Su ting nay ty 1é
thuan voi thoi gian bom méu cho dén 100 gidy, tir 120
gidy thi su tang nay giam di va khong con ty I¢ thuan nira.
Nguyén nhan do thdi gian bom mau quéa dai lam xudt hién
su khuéch tan ndng d6 va gidn ving mau, diéu nay c6 thé
gdy ra cac gia tri bat thuong trong cac lan do lap. Vi vay,
thoi gian bom mau 1a 100 gidy duoc lya chon.

Téi wu quy trinh chiét long - long hai giai doan

Sau khi da t6i wu diéu kién phan tich phenol trén thiét bi
CE-UV/Vis, cac diéu kién phan tich dugc lya chon 1a dém
borat v&i néng d6 45 mmol/l thém NaOH dén pH =11, dién
thé tach -17,5 kV va thoi gian bom mau 100 gidy. Ngoai ra,
cac diéu kién cd dinh tir trude 1a: detector UV/Vis véi bude
song duoc lya chon theo doi 1a 220 nm; mao quan silica
néng chay duong kinh trong 50 pm, chidu dai 75 cm (chiéu
dai hiéu dung 68 cm). Tiép theo, cic diéu kién vé quy trinh
chiét dugc khao sat.

Khao sdt lra chon dung méi chiét: cac dung mdi khao sat
duoc st dung véi thé tich ¢6 dinh 1a 5 ml, néng dd phenol
sau khi thém vao nén nudc 1a 0,05 mg/l. Két qua chiét cho
hiéu suat thu hoi khong dat dén 50% voi tat ca cac dung
moi, tham chi véi n-hexan khi phan tich dich chiét khong
xudt hién pic phenol. Hiéu suét chiét khi dung cac dung moi
diclometan, 2-octanol va 1-octanol 1in Iuot 1a 13, 29 va
37%. Tir cac két qua trén, hiéu suét chiét phenol 16n nhét khi
st dung 1-octanol nén 1-octanol dugc chon lam dung moi
chiét cho phan mé hinh ti wu hoa thyc nghiém tiép theo.

T6i wu cdc diéu kién trong chiét long - 1ong véi mé hinh
RSM-CCD: bai toan tdi wru dugc lap dya trén phuong trinh
hdi quy xac dinh bang phuong phap quy hoach thuc nghiém
la ham mo ta sy phu thudc cua hiéu suét thu hoi phenol vao
3 yéu t6: thé tich dung méi chiét, thoi gian lic chiét giai
doan 1 va thoi gian lic chiét giai doan 2 véi mién khao sat
dugc thé hién trong bang 2. Phin mém Design-Expert 11
dugc str dung dé phan tich két qua cia mé hinh, xay dung
phuong trinh hoi quy va giai bai toan toi uu.

Bang 2. Gidi han pham vi va mic bién ddi ctia cac nhan t6.

Mikc nghién ciru

Bién thue ]::;I;ma DPon vi

2aq) -1 0 + 2+
Thetichdung o) ml 2 625 11 155 20
moi chiét
Thoi gian lic "
chiélgiai doan 1 X2 gidy 60 105 150 195 240
Thoi gian lic o
chiétgiai doan 2 X3 gidy 60 105 150 195 240
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Két qua so sanh hiéu suat thu hdi phenol tir thuc nghiém
v6i gid tri du doan dya trén mo hinh vira xay dung thé hién
& hinh 6. Hé s6 tuong quan r cao (r=0,9335) cho thiy c6 su
tuong dong gitta két qua du doan va két qua thuc nghiém.
Diéu nay cho thiy phuong trinh hdi quy di mé ta chinh xac
cac s liéu thuc nghiém.
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Hinh 6. Biéu do tuong quan hiéu suat thu héi phenol thuc
nghiém véi gia tri du doan trén mo hinh.

Kiém dinh F ctia md hinh (F-test hay kiém dinh Fisher)
cho gia tri P <0,05 (P_ . <0,002) nghia la chi ¢6 dudi
0,2% sur thay d6i ctia gia tri F 1 do sai s6. Két qua nay cho
thdy d6 twong thich tot ctia hai phuong trinh hdi quy so voi
s6 liéu thuc nghiém, tir d6 cho théy do tin cay théng ké cao.
Hé s6 xac dinh R2 (coefficient of determination)=0,8715
cho thay c6 87,15% sy bién d6i ciia hiéu suat thu hoi 1a do
anh hudng cua cac bién doc lap (thé tich dung méi chiét
va thoi gian lac chiét giai doan 1 va 2), chi ¢6 12,85% su
thay d6i 1a do cac yéu té khong xéac dinh dugc nguyén nhan
gdy ra (sai s6 ngdu nhién). Kiém dinh F cta sai sé mé hinh
(lack of fit) co P >0,1 (P =0,1313) cho thdy mo hinh
pht hop. Bén canh d6, hé s6 bién thién CV% (coefficient of
variation) thip (CV =5,70%) chiing té cac thi nghiém dugc
thuc hién chinh xac va dg 1ap lai cao.

Sau khi kiém dinh su phu hop cia mé hinh, moé hinh
toan hoc mé ta mdi quan hé gitia hiéq suét thu hdi phenol
(H%Phenol) véi cac bien ma hoa (diéu ki¢n khao sat) da
dugc xac dinh nhu sau:

H%Phenol (Y)=55,11-1,05X,+ 1,48X - 1,23X. - 4,04X X,
-2,65X X, - 1,92X X, - 3,13X >+ 0,67X,? - 0,57X? (D)

Phuong trinh hdi quy (1) cho thdy anh hudng tuong tac
dong thoi cua cac cip nhan t§ (X1*#X2) 1a 16n nhat va anh
hwong bac hai ctia X3 14 nho nhat. X1 va X3 anh huong tiéu

cuc dén hiéu suét thu hdi, X2 anh hudng tich cuc dén hiéu
suat thu hoi.

a1
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Hinh 7. D6 thi dang 3D (3D response surface) vé anh hudng clia
céac cap yéu to dén higu suat thu hdi phenol khi yéu t& con lai
dugc giit c6 dinh & mic 0.

Tir mé hinh, rat ra didu kién chiét t5i wu cho phenol 1a:
thé tich 1-octanol 8,25 ml, thoi gian lac chiét giai doan 1 1a
4 phut va thoi gian lac chiét giai doan 2 14 1 phat. Kiém tra
diéu kién nay bang cach so sanh két qua chiét thyc té véi gia
tri du dodn mo hinh va khoang du doén ctia m6 hinh. Véi )
lan chiét 1ap 1a 3 1an, khoang hiéu suit thu hdi ciia phenol
duogc dy doan tur 55,3-82,3% va gia tri dy doan 1a 68,8%.
Két qua hiéu sudt trong thi nghiém kiém tra 1a 64%, nam
trong khoang du doan ciia mo hinh va dg 1éch so véi gia tri
mo hinh dy doan cua md hinh 1a 7,2%, gia tri hi¢u sut thu
hoi phenol du doan c6 d6 chinh xac tdt.

Dadnh gia phwong phdp phan tich

Phuong phap phan tich phenol trong nudc st dung cac
diéu kién chiét, dinh tinh, dinh lugng bang CE-UV/Vis da
t6i wu dugc danh gia thong qua cac thong sé6 LOD, LOQ
ctia thiét bi va phuwong phap, duong chuan, d6 1ap lai vé thoi
gian di chuyén va dién tich pic, hi¢u sudt thu hoi khi phan
tich cac mau thém chuan vao nén mau thuc, cac két qua
duoc trinh bay ¢ bang 3.

Bu(‘mg chuén phén tich phenol duoc dyng voi 8 diém
chuan trong khoang néng do 1-20 mg/l. Buong chuan ¢ hé
sO tuong quan tuyén tinh tot (R?=0,9993). Kiém dinh Fisher
danh gia sy sai khac cta gia tri b voi 0 ¢ do tin cay 95% cho
Fon Fring qroooms) = 4950 chimg t6 b va gid tri 0 khong khac
nhau, hay phuong trinh dudng chuan khong mac sai so hé
thong. Kiém tra do ding ciia duong chuan qua hiéu suat thu
hdi khi phan tich mau chuan phenol 5 mg/l va 7,5 mg/l trén nén
deion cho gia tri thu hoi rét tot 100,1 va 97,3%. Khi phén tich
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mau chuan 5 mg/l, gia tri 6 1ap lai cua thoi gian di chuyén
pic phenol RSD, va dién tich tin hi¢u RSD, déu <3%.

Phuong phap c6 gioi han phat hién va gioi han dinh
luong cho phenol trong nudce 1a 2,58 pg/l va 8,67 pg/l phu
hop cho viée danh gia ngudng nong d phenol 10 pg/l theo
QCVN 08-MT:2015/BTNMT. Hi¢u suét thu hoi ctia phuong
phap khi phan tich mau chuan phenol 40 pg/l 1a 64+9,5%.
Khi thém phenol vao cac nén mau thuc (nude mat - nudc thai
d6 thi) hiéu suat thu hoi ciing dat trong khoang 63-73%.

Bang 3. Danh gia phuong phap phan tich phenol trong nudc.

Théng sb Didu kién Ponvi  Giatri
Khoéng dudng chudn 8 diém mg/l 1-20
. . % Y = (0,0081:£0,0021)x

Phuong trinh duong chuan +(0,0014£0,0002)
R? dudng chuan 0,999
Fon (f;=6, £,=5) 2,039
RSD, (n,=8) (%) 23
RSD, (n,=8) (%) 3,0
LOD thiét bi mg/l 0,33
LOQ thiét bi mg/l 1,11
LOD phuong phap* ng/l 2,58
LOQ phuong phap* ng/l 8,67
Hiéu suat thu hoi khi phan tich )
phenol trong nén nude deion (@,=3) ) 64£9,5

) . Nén miu NSIT (%) 73
Higu suat thu hoi khi phan tich  \a 3 NSO T (%) 65
mau thém chuan phenol trén TR o
nén miu thye N&?n meilu NTIT (%) 63

Nén miu NT2T (%) 63

RSD@ dd lech chuan tuong d6i cta thoi g|an di chuyen khi bom mau
chuan. RSD,: do léch chudn tuong d6i clia dién tich pic khi bom mau
chudn. *: gla tri tinh & LOD, LOQ clia thiét bi theo hé so lam giau trong
qua trlnh X ly mau 1a 200 1an (100 ml mau chiét vao 0,5 ml dich chiét)
va hiéu suat thu hoi 64%.

Ap dung phan tich méu thuc

Céac miu nude lay tir song Nhué va muong nude thai duoc
xir Iy bang chiét 1ong - 1ong hai giai doan, sau d6 dinh tinh va
dinh lugng phenol bang hai phuong phap CE-UV/Vis, ¢6 so
sanh véi HPLC-DAD. Két qua phan tich cac mau thyc thé hién
trong bang 4 va hinh 8, cic mau nay déu phat hién thay phenol
& nodng d6 tir 8,7 dén 15,8 pug/l. So sanh két qua phén tich bang
CE-UV/Vis véi HPLC-DAD cho d¢ léch tir 6,4 dén 13,1%.
Nong do phenol trong cic mau nudc thai tir hai con muong
NT1 va NT2 lan luot 13 9,7 va 8,7 pg/l, déu nho hon gidi han
ham lugng phenol cho phép theo Quy chuén Viét Nam quy
dinh cho nudc mat hang B1 phuc vu giao thong, thiy lgi va
tudi tieu voi dbi tuong thudng 1a nude muong, song hd (10
ng/1) [4]. Nong d6 phenol trong hai mau nudc song Nhué NS1
va NS2 lan luot 1a 15,8 va 13,1 pg/l, vugt ngudng quy dinh
tai QCVN 08-MT:2015/BTNMT néu trén. Nong d¢ phenol tai
diém lay mau & gan hon so véi phia thuong ngudn (NS1) co
ndng d6 cao hon so véi miu & xa thuong ngudn (NS2). Sy
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cao bt thuong cua ndng d phenol trén con song nay c6 thé
gia thuyét do phat thai cua mot khu cong nghiép tap trung
tai sat thugng nguodn va trong nhitng nam gan day con song
ndy ciing 1a mot trong nhitng con sdng canh bao 6 nhiém &
murc bao dong tai viing ven ndi thanh Ha Noi.

Bang 4. Két qua phan tich phenol trong mau thuc.

Nong dd Nong do Nong do Nong do Dj léch

Mi Mi  méu chiét miu thuc mAu chiét miu thue CE-UV
v miu  (CE-UV (CE-UV (HPLC- (HPLC- Vis/

Vis) Vis) DAD) DAD) HPLC

mgl (ug/h) mg/l (ug) *)
Nudesong 1 NS1 - 2,02+0,19 15,8+1,5 1,79 14,0 -11,2
Nuesong2 NS2  1,67+021  13,1+1,6 1,55 12,1 5|
Nude thai 1 NT1  1,2440,26 9,7+1,9 1,40 9,2 -6,4
Nuée thai2  NT2  1,11+0,24 8,7+2,0 1,18 11,0 13,1

(1) Phenol

5 mAU
(1)

i et Ao N e A NTL

NS2

800 1000 1200 1400
Thoi gian di chuyén (giay)

Hinh 8. Gian db dién di phan tich phenol trong mau thuc.
Két luan

Quy trinh phéan tich phenol trong nudc sir dung k¥ thuat
chiét 16ng - 16ng hai giai doan va dinh tinh, dinh luong bang
dién di mao quan két hop detector UV-Vis tu ché tao da
dugc phat trién. Phuong phap phan tich c6 gi6i han dinh
luong 8,7 mg/l dap Umg duge yéu cau phan tich vé ngudng
quy dinh ndng d6 phenol nude mat loai B1 theo QCVN 08-
MT:2015/BTNMT. D¢ lap lai vé thoi gian di chuyén va dién
tich pic tin hiéu tot (RSD<3%). So sanh két qua phan tich
mau thuc sir dung phuong phap di phat trién voi két qua
thu dugc tir phuong phap HPLC-DAD cho d6 léch tr 6,4
dén 13,1%. Nghién ctru mo ra trién vong vé sir dung thiét bi
CE-UV/Vis dé phan tich va danh gia nhanh, chinh xac ham
luong phenol tai hién truong véi chi phi thap.
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Tom tit:

Hién nay, tren thé gi¢i nudc thai do thi dugc xir ly téi cap 2 (xu ly huu co, TN téi nitrat, vi sinh), cap 3 (xirly TN,
TP), mot s0 noi da xir ly nang cao téi mire tai st dung hoiac bo cap nguon an toan. Xir ly cap 2 1a cach tlep cin théng
thuo’ng dugc khéi dong tir dau thé ky XX & chau Au, My va Viét Nam ciing dang di theo huéng nay, doi khi phat
trién téi cap 3. Tuy nhién, xir Iy kiéu nay ton nhiéu dién ning (trung binh thé giéi hién 1a 4% lwong dién quoc gia,
va téi 2040 s€ 1a 8%), lang phi céc tal nguyén cé thé tai tao trong nudc thai. Méit khac, lwgng rac thai sinh hoat ting
khong ngirng theo din so va mire song, cac thanh pho 16m ¢ Viét Nam phai chi t0’1 3-3,5% ngan sach dé thu gom, van
chuyen va xir ly rac thai sinh hoat, trong do, khoang 60% la rac hiru co, chi yeu l1a dung cong nghé chon lap hop vé
sinh. Tt khoing hon 20 nim tré lai day, nhiéu nghlen ciru bat dau hién thwe héa cac cach tlep cin moi ddi véi cong
nghlep vé sinh m01 truong, dé 1a huéng phat trién bén virg - nén kinh té tuin hoan (circular economy), thu hdi t6i
da tiém nang vé mat ning lu’(rng, vat chit va nuée tir nwéc thai do thi, nwéc thai giau hiru co tir cong nghlep va khu
vure chiin nudi ciing nhw phin hiru co trong rac sinh hoat (RSH). Bai b4o nay tong quan nhirng thay dbi trong cong
nghié€p xi ly nwée thai theo hwéng phat trién bén virng ma Viét Nam cé co hgi theo dudi.

Tir khéa: chit thai, cong nghé xir Iy nwée thai, nwée thai, nwéc thai do thi.
Chi s6 phén logi: 2.7

Mat khac, lugng rac thai sinh hoat tang khong nging theo
su gia tang cua dan sO va mirc song.

- £ N
Datvan de

Hién nay, trén thé gidi nudc thai do thi thuong dugc xir

1y toi cdp 2 (loai bo hitu co - HC, téng nito - TN c6 thé
chuyén hoéa t6i nitrat, xt 1y vi s1nh) xtr 1y cép 3 (loai bod
thém TN, tong phospho - TP), mot sé noi da xu 1y nang cao
t6i mire dat cc tiéu chuén co thé tai su dung hodc bod cap
ngudn nudc. Pay 1a cach tiép can thong thudng duoc khoi
dong tir dau thé ky XX & chau Au, My va vé nguyén tic
la dam bao cac yéu cau vé vé sinh méi truong. Hién nay,
Viét Nam cling dang thyc hién theo hudng nay. Tuy nhién,
phuong thic xir 1y kiéu nay tiéu tén nhidu dién ning, trung
binh thé gidi hién nay th vue nude cap va nude thai tiéu
thy téi 4% lugng dién qubc gia, va toi 2040 s& 1a 8%) [1],

ddng thoi lang phi cac tai nguyén co thé tai tao co trong
nude thai (nuéc, nang luong, N, P, K...). Nhiéu nha khoa
hoc gan day coi kiéu xur Iy nudc thai nay 1a sai duong, mot
s6 khac thi kéu goi hiy “khai mo trong nudc thai” [2, 3].
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TAP CHI

HOA HOC

ONG NGHE I} Nam 61(1) 1.2019

Céc thanh phd 16n ¢ Viét Nam phai chi t6i 3-3,5% ngan
sach dé thu gom, van chuyén va xir Iy rac thai sinh hoat,
trong d6 khoang 60% la rac hitu co, chi yéu la ding cong
nghé chon 1ap hop vé sinh [4]. Phuong thure xtr Iy nay kéo
theo nhu cdu 16n va khong ngimg ting vé dién tich dat xay
dung bii chon 1ap, dan dén nhiing thach thirc khong nho vé
viéc phai ddi pho véi cac hé qua moi truong phét sinh tir
cac bai chon 1ap rac nhu nude ri ric, mui, cac vecto truyén
bénh, phat thai khi nha kinh (KNK)... Day la giai phap rat
lang phi tai nguyén, chi ¢6 tiém ning nho trong viéc thu hoi
nang lugng tir khi bai rac, cdc cong nghé khac (lam phan
compost, dot, nha may phan loai...) ¢6 sudt dau tu va chi
phi van hanh rat 16n, khé khan trong viéc tiéu thy san phém
(phan compost) nén thiéu tinh bén viing. Tt khoang hon
20 nam tré lai day, nhiéu nghién ctru cua cac nha khoa hoc
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Abstract:

At the present practice of urban wastewater treatment in
the world, secondary treatment (removal of organics, patho-
gens, TN to nitrate), tertiary treatment (plus removal of TN,
TP), and advanced treatment are applied to reclaim water
for safe reuse or recharging groundwater sources. Secondary
treatment is a conventional approach which originated since
early 1900s from Europe and America, and Vietnam is now
applying this approach with some improvement. However,
this kind of treatment consumes a lot of energy (the world
average consumption is 4% of total electricity produced, and
it will reach 8% by 2040), and waste renewable resources in
wastewater. On the other side, the amount of municipal sol-
id wastes (MSW) constantly increases along with the growth
of population and living; in Vietnam, the large cities have to
spend about 3-3.5% of their budget just for MSW (contain-
ing ~60% organics) collection, transportation and treatment
for landfilling. During the last 20 years, a lot of researches
have been conducted in the direction of new approaches in
the field of waste treatment, this is the concepts of sustainable
development - circular economy. This mean energy and ma-
terials including wastewater are recovered and reused. Ur-
ban wastewater, industrial rich organic wastewaters, animal
breeding wastewater, organic fraction of MSW can be the
input into this treatment system, outputs such as renewable
energies, reclaimed water and fertilizers, and other useful
materials can also be produced. This paper reviews real de-
velopments in this promising field, a sustainable development
opportunity that Vietnam should pursue.

Keywords: urban wastewater, waste, wastewater, wastewater
treatment technology.
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Khoa hoc Ky thuat va Céng nghé

két hop voi ¢b ging tir cac nha cong nghiép, cac nha quan
ly da bat dau hién thuc hoa cac cach tiép can méi ddi véi
cong nghiép vé sinh méi trudng, d6 1a cac cach tiép can theo
hudng phat trién bén vimg - nén kinh té tuan hoan (Circular
Economy), thu hi téi da tiém ning vé mit nang luong, vat
chét va nude tir nudce thai d6 thi, nude thai giau hiiu co tu
cong nghiép va khu vuc chan nudi ciing nhu phan hitu co
trong RSH. D3 xuit hién mét s6 pilot, budc tién dang ké
nhit 14 thang 6/2017 & Billund, Pan Mach d3 xuat hién nha
may xir Iy chét thai dau tién theo hudng nay. Nha may xur
Iy nude thai d6 thi theo kiéu “chi phi, xtr 1y - thai bo” da va
dang dan tién hoa thanh “chi phi, xt 1y - thu hdi tai nguyén
- khong phat thai”, né xt Iy ddng thoi nude thai do thi véi
cac dong thai giau hiru co, bao gdbm ca phan chat théi rin
hitu co trong RSH va cong nghié¢p glau hiru co, bao gom ca
chat thai chan nudi. Bao cdo nay tong quan nhiing thay doi
trong cong nghiép xtr Iy nudce thai theo hudng phat trién bén
viing néu trén. Viét Nam [a mot dat nude dang do6 thi hoa
nhanh nhung chua cao (mutrc d6 thi héa khoang 35%), ndong
thon dang d6i mai theo hudng san xuat hang hoa tap trung,
phét thai rat 16n nén rét can c6 sy thay ddi va c6 co hoi thay
do6i nganh cong nghi¢p xtr Iy mdi truong theo hudng kinh
té tuan hoan nay.

Hién trang va thach thiic

Do thi hoa - hién dai hoa la sy phat trién tat yéu cta thé
gi61 noi chung va Viét Nam noi riéng, tuy nhién, kéo theo
16 14 nhitng thach thirc ma mudn dat cic myc tiéu phat trién
bén ving loai ngudi bt budc phai vuot qua [5], d6 1a: 6
nhiém khong khi; nudce va nudce thai; chét thai ran; phat thai
cac KNK; nghéo déi va cac khu nha 6 chudt; bat 6n xa hoi.

Vay, cong nghiép moi truong vdi chire nang lam sach co
thé “tuan hoan” nhing gi tir luong chét thai khong ngimg
gia ting? O muc do nhat dinh, con nguoi da va dang tai
ché, tai str dung thanh cong rat nhiéu chét thai nhu kim loai,
nhya, gidy... Nudc thai cong nghiép, rac cong nghiép theo
quy dinh thi thudc trach nhi€ém cta nguoi phat thai. Con
nhitng dong thai khong 16 khac nhu nudc thai, rac thai tir
khu vyc dén sinh hién nay nha nudc dang phai cang strc dé
giai quyét. Vay hién trang van dé nay nhu thé nao?

Trong linh vuc xt Iy nude thai sinh hoat, néu chi tinh
riéng cho dan cu do6 thi, voi muc do do thi hoa hién nay va
tuong lai luén 16n hon muc ting dan sb trung binh, t&i 2030
Viét Nam s€ c6 khoang 106,3 triéu dan voi 47,87 triéu dan
d6 thi (44,87% dan s6) [6]. Vi dinh mirc cAp nudce do thi
hién nay 1a ~200 I/nguoi/ngay, hi¢u qua thu gom xur 1y 1a
80%, gia thiét 1a toan bo nudc thai ctia dan sd d6 thi dugc
xir 1y thi tong cong sudt xir Iy nudc thai d6 thi cin co nim
2017 va 2030 tuong ung 1a 5,25 triéu m*/ngay va 7,63 triéu
m?®/ngay. Theo [7] thi t&i nay, Viét Nam mdi c¢6 37 nha may
xtr 1y nude thai tap trung véi tong cong suat 890.000 m3/
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ngdy - dém, téi 2020 s& c6 thém 50 nha may vai tong cong
sudt 2 triéu m*/ngdy - dém, nghia la tong cong suat chua dat
50% cta nhu cau 2030. Dé c6 dugc cong suat xir 1y ndy, voi
sudt dau tu 250 USD/ngudi toi 2030, theo [8] Viét Nam s&
can tong chi dau tu x4y dung cac nha may xu Iy 1a 11,925
ty USD. Tiép theo 1a chi phi xir Iy nudce thai, thai bo bun
thai. Gia thiét 1a toan bo nudc thai d6 thi duge xtr 1y bang
cong nghé pho bién nhat hién nay 1a bun hoat tinh (BHT),
tam tinh con s6 chi phi truc tiép (dién nang, hoa chét, nhan
cong, sira chita nho, chua tinh khiu hao) & mirc khiém t6n
14 4.000 dong/m?, voi luu lugng nude thai néu trén, chi phi
2017 va 2030 dé xur ly nudc thai do6 thi tuong g la 18,4 ty
dong/ngay, 6.716 ty ddng/nam va 24 ty dong/ngay, 8.760 ty
dong/nam (chua tlnh truot gia) tuong ung, néu tinh ca chi
phi khau hao, con s chd doi 1a gan gip doi [2]. Rét tiéc,
viée dau tu xr Iy nude thai & Viét Nam hau nhu chi tép trung
0 cac khu cong nghiép va cac do thi 16n, khu vuc phat thai
nang né hon la nong thon chua dugce déu tu, cac do thi cling
chi méi dép tmg trén 10% nhu cau can xir 1y [7].

O khia canh thu hdi ning lugng va tai nguyén tir chat
thai, vé nguyén tic, nude thai va RSH c6 tiém nang thu hoi
- tai str dung nhét dinh, d6 14 tiém ning: nudc, ning luong
(dién, nhiét), cac thanh phan khac trong nuéc/chat thai. Loi
ich khac cua viéc xtr 1y theo cach tiép can “Kinh té tuin
hoan” ddi véi cac loai nude thai giau hiru co va phan hitu
co trong RSH bao gém: vé sinh méi truong; giam phat thai
KNK; giam thiéu nhu cau chén lap, tao diéu kién dé phat
trién cong nghiép thu hoi, tai ché rac thai; thu hdi, bao vé tai
nguyén, nhat 1a P - tai nguyén khong tai tao va dang can kiét
nhung 13 yéu t6 can thiét dé dam bao mot nén nong nghiép
ning suit cao va bén vimng.

Néu Viét Nam 4p dung cac nguyén 1y cta “Kinh té tudn
hoan” hay 1a “Phat trién xanh” nhu da d& cap [9], chic chin
cong tac xir 1y nude thai sinh hoat va RSH s& gop phan
quyét dinh trong viéc giam thiéu tic dong cua ca 6 thach
thirc trén con dwong dat cac SDG ma Chinh phu Viét Nam
mong muon thuc hién [10]. Sau day sé& 1a tong quan ngin
gon vé nhitng thanh tyu trong linh vuc nghién ctru xu 1y
nudc thai sinh hoat theo huéng phat trién bén viing va nhat
1a vé nhitng img dung & quy mo cong nghiép trong linh vurc
nay.

Nhiing nghién ciiu quan trong trong linh vuc Xi Iy nudc thai

Vé khia canh lich sir quan 1y - xtr Iy nudc thai, con nguoi
da bat diu quan tAm dén van dé nudc thai sinh hoat tir thoi
c6 dai. Nhiing di chi khao ¢6 cho théy, nha vé sinh da c6 mat
& Mohenjo-Daro gan song Indus (Pakistan) tir nim 1500
trugc Cong nguyén (CN), & Cloaca Maxima, Rome (Y) da
phat hién nhiing cong trinh thu gom - thoat nudc thai dugc
xdy dung tir nam 500 trude CN, tai lidu lich st cho thiy
nhitng hé thong thu gom - thoat - thai bo nudc thai da co tir
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2000 nam trude CN [11]. Cach mang cong nghiép (CMCN)
lan thtr nhit (khoang cudi thé ky XVIII, nira dau thé ky
XIX) va nhat 1a CMCN lan th{r hai (ntra sau thé ky XIX)
da dan toi su ra doi ctia hang loat thanh ph 16n, dién hinh
1a London - thanh phé 16n nhét thé gidi thoi do. O London,
1865-1868 la thoi diém hé théng kénh thodt nude thai hién
dai ra song Thames dugc xay dung va phuc vu t6i ngay nay.
Buc tranh tuong tu ciing dugc thuc hién ¢ toan chau Au
va Bic My [11], rdi lan ra toan cau, trong d6 c6 Viét Nam.
Vian dé chét lugng nudce cip duge chinh quyén London rat
quan tam, ho da dé cir Vién Hoang gia Anh Frankland thuc
hién nhiém vu béo céo chét luorng nude séng - ngudn nude
cip hang thang, Uy ban 6 nhiém song do Frankland phu
trach da phat trién cac phuong phap phén tich chat lugng
nudc. Nam 1868, trong mot cudc hop Frankland da bao
c4o vé hién tuong nudc cip cua London ldy tir cac dong
chay tir nai Cader Idris va Plyalimmon (Bic Wales) da bi
6 nhiém bdi cac vi tring c6 hai (unhealthy germs) va hoa
chét. Tuy nhién, téi nam 1871 cac phuong phap phan tich
do Frankland méi duoc ap dung rong rai dé danh gia chat
lugng nude va hd trg cong tac nghién ctru xtr Iy nudc thai.

Ngay nay, vai tro chu dao ctia cong nghé sinh hoc, trong
d6 vi khuan, mot mat 1a tac nhan gdy cac bénh dich lan
truyén theo duong nudc, nhit 1a dich ta va st phat ban,
mat khac 1a tdc nhan chu lyc thuc hién cac qua trinh xtr 1y 6
nhiém nudc thai sinh hoat, duoc moi nguoi cong nhén, tuy
nhién, toi cudi thé ky XIX, cau hoi “hoa hoc hay sinh hoc”
thuong xuyén dugc tranh cai trong gidi khoa hoc.

DAu tién, cac nha khoa hoc cht y dén hién tuong “ty lam
sach” ctia hon hop nude song va nude thai. Co 1& Alexander
Miiller vao 1869 da khing dinh 1a 6 nhiém hitu co trong
nudc duge phan hily nho cac qua trinh vi sinh. Téi nam
1883, J. Kénig dwa mot tAm ludi vao nude thai va ghi nhan
su hinh thanh cac mang vi sinh kém theo 1a sy phan huy cac
chét hitu co hoa tan, dudi su hudng dan ctia Robert Koch thi
nghiém nay dugc 13p lai boi Wolffhiigel va Thiemann, két
luan 1a mang vi sinh c6 thé xudt hién trén nhiéu loai vat liéu
mang. Sau do, tu 1885 tdi 1890, cac nha khoa hoc chau Au
(Emich 1885; Konig 1886; Knauff 1887; Weigmann 1888;
Winogradsky 1890) da chirng minh 1a bén canh viéc 6xy
hoa hitu co téi CO,, cac qua trinh vi sinh con oxy hoa NH,*
thanh NO,” ma nay ta goi 12 nitrat hoa - budc diu tién trong
qua trinh khlr téng nito TN trong cac hé xtr Iy nudc thai
hién dai. Trén co s6 qua trinh ty lam sach cua nudc thai,
nhitng cong trinh “xtr 1y nude thai” dau tién s dung cac
hd, kénh chira, cac canh dong loc di dugc hinh thanh. Tuy
nhién, dién tich 16n, hiéu qua xi 1y thdp va hién tuong tic
cac canh dong loc thiic ddy su ra doi ctia nhitng cong nghé
manh m¢ hon.

Trudc nim 1913, khong c6 ai cht y dén vai trd ciia mat
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d6 vi sinh trong xtr Iy nudc thai. Sy ra doi cua cong nghé
xtr 1y nudce thai hién dai BHT dugc gin v6i phat minh cia
Edward Arden va William T. Lockett tir Uy ban song thudc
Tap doan Manchester vao nam 1914. Két qua nghién ctru ciia
ho dugc trinh bay tai cudoc hop & Grand Hotel, Manchester
ngay 3/4/1914. Thi nghiém dugc thuc hién trong binh thuy
tinh 2,27 1 boc gidy den dé tranh tac dong cua tao, nudc
thai duoc lay tir cdng & Davyhulme. Néu mat do vi khuan
tang dén muc thé tich bun ling chiém téi 25%, cac hop chat
cacbon va N-amoni bién mét sau 24h suc khi. Cac két qua
déu tién cho thdy, trong 4h dau, chit hiru co giam nhanh,
tir 4-8h giam cham dan, sau d6 gan nhu 6n dinh, day ciing
la thoi diém ting tdc clia quéa trinh nitrat hoa. Sau nhiéu
thi nghiém & Anh va My, nam 1920 nha may xu 1y nudc
thai dau tién dya trén nguyén ly BHT da dugc xay dung &
Sheffield, UK, sau d6 1921 ¢ Indianapolis, USA, 1926 ¢
Essen-Rellinghausen va 1929-1931 & Stahnsdorf gan Berlin
[11]. Bén nay, BHT dugc cong nhan 1a phuong phép chii luc
trong xur Iy nudc thai, phd bién rong rai trén toan thé gioi,
ké ca & Viét Nam.

Tuy nhién, bén canh nhiém vy vé sinh mo6i truong, cong
nghé moi truong tir nhitng nam 1970 nhan thém chirc nang
bao vé moi truong, trong d6 van dé thu hoi tai nguyén ngay
cang dugc chu y. Nam 2010, tai Hoi thao moi truong do
thi & Xiamen (Trung Qudc), GS Verstraete (Pai hoc Gent,
B1) d3 néu quan diém “BHT truyén théng: huéng di sai
1am” [2]. Phan tich tir [2] chi 13, nudc thai sinh hoat cia
con nguoi thuc sy 1a kho tai nguyén tai tao co6 gia tri 80,4
Euro/nguol/nam (gia ¢ chau Au) néu két hop voi rac nha
bep (RNB) - phan gay hoi théi, am uét va can tro xur Iy RSH
bang cac cong nghe ma Viét Nam muén phat trién 1a thu
hi - tai ché, dbt, con sb s& 1a 84,5 Euro. Quan trong hon,
cach tiép can nay s& giam thiéu nhu cau dién tich dit cho
cac bii chén 1ap - cong nghé xir Iy RSH kinh t& nhat hién
van rat pho bién trén thé gisi, ké ca & Viét Nam. Piém quan
trong & déy 1a lugng niang lwong ¢ thé thu hdi théng qua
qué trinh xtr Iy yém khi - dong phat dién nhiét. Véi hiéu
suét chuyén hoéa biogas la 70%, hiéu sudt phat dién 1a 38%,
phét nhiét 1a 40%, con s6 thu hdi 4 16 va 17 tinh theo dién
nang (kWh-el)/ngudi/nam va nhiét nang (kWh-th)/nguoi/
nam tuong img. Tam tinh cho dan sb d6 thi Viét Nam 2017
(32,8 triéu nguoi), tong tiém ning thu hodi ning lugng 1a
33%32.813.400 = 1,083 ty kWh/nam, so vdi san lugng dién
Viét Nam (2017) 1a 191,593 ty kWh, tiém ning thu hoi 1a
0,57%. Néu quy ra tién, ta c6 con s6 84.5%32.813.400 =
2.772.732.300 Euro, chuyén sang USD (2010), con sb =
3.698.824.888 USD. Véi Viét Nam, thuc té hon sé& 1a 50%
con s6 nay (do chénh léch gia nudc, gia ning lugng) song
1,8 ty USD/ndm ciing 1 con sb can suy nghi.

V& mit cong nghé dé hién thyc hoa ¥ tudng nay, ngay
tor nhitng ndm 1980, GS Lettinga (Pai hoc Nong nghié¢p
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Wageningen, Ha Lan) va cic cong sy ké thira, sau thanh
cong vang doi cua cong nghé xir 1y yém khi tdc do cao
(UASB), di phat trién y tuong ldy cong nghé vi sinh yém
khi [am trong tdm, hay thuc hién qua trinh khoang hoa sinh
hoc ty nhién (Natural Biological Mineralization route-
NBM) dé thuc sy bién nudc thai, RNB va céc nguf")n thai
hiru co khéc thanh tai nguyén tai tao dwoc [12], ddy la xuét
phat diém cua “cong nghé loc sinh khéi” - BioRefinery sé& dé
cap ¢ phan sau, v6i vi du 1a Nha may Billund.

O cép d6 nghién ciru, ciing v6i nhitng véi muc tiéu nham
thu hoi ting phan tir cac dong thai cta con nguoi, vi du
nhu thu hoi P dudi dang phosphat hodc struvit, hodc thu hoi
ning luong dudi dang biogas, nhidu nghién ctiru mang tinh
téng thé nham t&i myc tiéu thu hoi tdi da tai nguyén ning
luong, vat liéu tur cac dong thai cua con nguoi da dugc thuc
hién. Cac két qua nay duogc thé hién qua nhiéu cong bd, dic
biét 1a tr nhom Lettinga cia GS G. Zeeman [13]. Cac két
qua nghién ctru da cong bd rat da dang, tuy nhién dé khong
phai 1a myc ti€u cta bai nay, ¢ day chung t6i tap trung vao
hién trang ap dung cach tiép can Kinh té tun hoan trong xir
Iy nuéc thai d6 thi va chét thai hitu co, trong d6 c6 RNB &
quy mo san xuat.

Ung dung
Thu hoi, tdi st dung nuwéc (lam nguén nwdc cip)

O My, Cong ty nudc quan Cam - Orange County Water
District (OCWD) xir Iy nudc cap tir 1933, phuc vu 2,3 triéu
dan. OCSD xir Iy nudc thai bang hé thdng Advanced Water
Purifcation Facility dugc goi la Water Factory 21 (WF21)
- Nha may nudc thé ky XXI. Cong nghé co ban cia WF21
bao gdm: loc MF (4p dung tir 1993) - RO (4p dung 1976,
19.000 m*/ngay), sat tring UV. Day chuyén xir Iy nude thai
sau xur Iy vi sinh t6i cAp do tai str dung c6 cong suét 265.000
m*/ngay, t6i da 1a 492.000 m*/ngay, nude sau xu 1y dugc
bom lai bl cho nudc ngam theo chuong trinh Groundwater
replenishment system (GWRS) hoat dong tir 2008. Hién
nay, di du trong tai tao nuéc & My 1a Florida va California.
Mirc d6 sir dung nudc téi tao dang ting nhanh. O noi khai
sinh ra khai niém * nuérc taitao” (Orange County) nuoc duge
tai st dung chu yéu dudi dang glan tiép (bo cap ngudn) dé
dap g d6ng thoi hai myc tidu: bd cap ngudn nude ngot va
chong nudc man xam thue.

O Singapore c¢6 Chuong trinh NEWater (nudc méi),
chuong trinh nay bao gém cac nha may: Nha may Bedok
nghiém thu 2002, hoat dong tir 2/2003, cong suit 80.000
m*/ngay; Nha may Kranji nghiém thu 2002, hoat dong tir
2/2003, cong sudt 80.000 m*/ngay; Nha may Ulu Pandan
(do Keppel Seghers dau tu) nghiém thu 2007, cong suét
148,000 m*/ngay (gia nudc nim dau 1a 0,3 SSD/m?); Nha
may Changi (Sembcorp dau tu) nghiém thu 2009, hoat dong
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tir 2010, cong suat 228,000 m*/ngay (gia nam dau 1a 0,3
USD/m?® khong tinh phi van chuyén); Nha may BEWG-
UESH Newater ¢ Changi, cong suat 190,000 m*/ngay; Nha
may & Seletar, nghiém thu thang 2/2004 dugc dong cua
2011 khi co quan quan ly chuyen no vé He thong xir 1y tai
su dung trung tam trong H¢ théng ham cdng sau. Tong cong
sudt NEWater hién bang 726.000 m*/ngay, dap ung 40%
téng nhu cdu nude sach cua Singapore 1a 1,8 triéu m*/ngay.
Trén thyc té, do yéu t6 tam 1y, Sigapore c6 ké hoach ting
dan phan nude thai thu hdi trong phin nude cap, du kién toi
2030 s¢& dat 30%.

O Australia chwa c6 hé théng nudc tai sir dung tryc tiép
quy mo toan thanh phd, nhung cac nghién ctru dang duoc
thuc hién & B phan nghién ciru Nam cuc cua Uc (Australian
Antarctic Division) ¢ trai nghién ctru Davis & Nam cyc. Cac
cong nghé ap dung: ozon hoa, st tring bang UV, clo, loc
UF, hép phu trén than hoat tinh va loc RO. Brisbane la thanh
phé di dau trong linh vyc tai su dung nudc, cac thanh phé
khac tham gia Dy 4n tuan hoan nudc & hanh lang phia Tay.

Tai Israel, s6 liéu nam 2010 cho thiy, qudc gia nay dan
dau thé gidi vé mirc d6 tai sir dung nude. 80% nudc thai (400
triéu m*/nam) duoc xir ly, & ving thu do Tel Aviv, 100%
nudc thai dugc xu 1y va tai st dung trong ndng nghiép va
cac muc dich cong. Hién nay, nudc tai st dung chi cho nong
nghiép, cong cong va cac muyc tiéu tai tao moi truong.

Cho t61 nay, vi du dau tién vé st dung nudc tai tao
truc tiép lai thudc vé Tp Windhoek & Namibia. Nha may
tai tao nudc thai New Goreangab Water Reclamation Plant
(NGWRP) bit dau hoat dong tir hon 40 nim trudce, nudc thai
sau xUr 1y tai tao da duoc tron 1dn véi nude sach cho ngudi
sir dung. Cong nghé xir 1y/tai tao nude bao gdm: tién ozon
hoéa, keo tu ting cuong két hop tuyén ndi, loc cat nhanh, hau
ozon hoa, loc than hoat/vi sinh, loc UF, clo hoa. Hién nay ty
1€ nudc tai tao/nudce cép thanh phé dat 14%.

O Nam Phi, dong luc chinh dé st dung nudc tai tao
12 kho han. O Beaufort West, Nha may nudc tai tao truc
tiép duoc xay dung cubi nim 2010, cong suat 2.300 m*/
ngay. Day chuyén cong nghé: loc cat, loc UF, loc RO hai
dot, sat trung bf“mg deén cuc tim (UV).

Thu hoéi nang lwong (phdt di¢n, nhiét)

Vé Iy thuyét, nudc thai sinh hoat c6 du trir ning luong
duéi dang cac chat 6 nhiém hitu co (COD) 16n hon nhu cau
dién ning can dé xu 1y no, tuy nhién mirc d¢ thu hoi lai phy
thudc vao cong nghé [14]. Sau day la mét s vi dy thanh
cong trong san XUuat.

Ao [15]: Nha may xu 1y nudc thai Strass, phuc vu 31
khu dan cu & Thung liing Strass v6i dan s6 dao dong manh
tir 60.000 t&i 250.000 déan, tang vao mua du lich. Y tuéng
bat dau tir dau nhitng nam 1990, Nha may nay da thu hoi/
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san xuét nang lugng nhiéu hon né tiéu thu. K& hoach ban
dau 1a: t6i 1996 hé s6 thu hdi nang luong dat hon 50% lugng
sir dung, t6i 2005 nha may di thu hdi vuot qué luong ning
luong st dung, trd thanh nha may phat dién - nhiét. Cac giai
phéap 4p dung: qua trinh hai cong doan A/B (Adsorption -
Belebung). Cong doan A 1a hap phu 55-65% tai lugng hitu
co bang sinh khdi vi sinh tudn hoan c6 thoi gian luu té bao
(solids retention time - SRT) thap, nho hon 0,5 ngay. Cong
doan B ¢6 SRT t6i 10 ngay dé thuc hién qua trinh xir 1y toi
80% TN. Khi d6 phan 16n hitu co duéi dang bun du tir qua
trinh A s& dugc chuyén sang phan huy yém khi (AD) thu
hoi biogas - ning luong. Theo cong nghé nay, dong nudc
tuan hoan tir bé phan huy yém khi (AD) ¢6 ndng do améni
rat cao, tir 2004 di dwa vao hé xir Iy nito - amoni DEMON®
ding qué trinh annamox nén rét tiét kiém nang lugng va hoa
chat, ddng thoi danh hiru co (ddng nhé dé kh nitrat) cho hé
AD ting thu hdi biogas. Biogas thu hoi tir AD dugc dung dé
ddng phat dién - nhiét (CHP) véi hiéu suét 38% dién (cao
hon dién than ctia Viét Nam). Tu nam 2008, dé tang san
luong dién, hé AD cuia nha may bat dau tiép nhan rac hiru
co va thyc hién qué trinh dong phan hity v6i bun vi sinh tir
day chuyén xtr Iy nudc thai.

Pan Mach: ¢6 nha may xt Iy nudc thai Marselisborg,
Aarhur. Dy 4n bat ddu duoc nghién ctru tir 2006 v6i muc
tiéu giam chi phi nang 1u’(_yng, giam phat thai CO,, ké hoach
la thay 14 nha may nho bang 4 nha may mdi 16n, hién dai
hon, thyc hi¢n trong giai doan 2011-2015. Marselisborg 1a
nha may 16n nhét, phuc vy 220.000 dan, cong suit 32.918
m®/ngay [16]. Nha may da ap dung hang loat giai phap tiét
kiém va thu hoi nang luong, ké ca diéu khién ty dong, trong
d6 tiét kiém 16n nhit 1a qua trinh annamox dé xtr 1y N, thu
hoi niang lugng qua hé AD san xuét biogas tir bun thai va
ddng phat dién - nhiét CHP.

Thu hoi phin bén

Vé 1y thuyét, nuée thai ngoai dy trir nang lwong (dudi
dang cac hop chat carbon - C, c6 thé chuyén héa thanh
biogas dé thu hdi ning luong) c6 thé thu hdi, con c6 mot
luong 16n N, P, K, cac kim loai (bao gém ca kim loai nang)
néu khong thu hdi dugc, trir K (gan nhu khong tac dong
t61 moi truong) s€ phai chi phi xtr ly; sau xu 1y phat sinh
bun cin chi yéu 1a hitu co tro, khong xur 1y duoc bang vi
sinh. Hién nay, cong nghé da dugc phat trién t6i quy mo
san xudt dé thu hdi hodc xu Iy N, P, can bun hitu co. Thu
hoi kim loai ning dang trong qua trinh nghién ciru va phat
trién. Hién nay, cong nghé thu hdi phét pho (P) dudi dang
phéan bon P da dugc phat trién thanh cong, htra hen bao vé
ngudn P ¢6 han (Viét Nam con du trir appatit, voi mirc tiéu
thu phén P nhu hién nay, chi du dung 20-30 ndm nira). Hon
nira, phot pho la thanh phan trong nudc thai gy phu dudng
cac ngudn nudc rat manh, rat kho xir 1y bang cac ki thuat vi
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sinh. Cong nghé thu hoi P tir nude va bun thai phd bién nhat
1a két tinh dudi dang struvit (NH ,MgPO,) - mét dang phén
P nha cham, ngoai P con c6 ca N, Mg ciing la nhitng thanh
phan phan bén quan trong, c6 gia tri thwong mai cao. Trong
nhiéu cong nghé duoc nghién ctru ¢6 t6i 9 cong nghé da va
dang duoc trién khai & quy mo san xut, som nhat 1a cong
nghé Phosnix do Cong ty Unitika Ltd. (Nhat Ban) phat trién
tr 1987, da va dang ap dung tr 1998 & Nha may xui Iy nude
thai HO Shinji, tinh Shimane, dé xir 1y 1.000 m¥/ngay dong
thai tir hé xir 1y bun véi hidu suat thu hoi P 1én t6i 80-90%.

O chau Au c6 cac cong nghé: Phospaq™ (Ha Lan) dang
ap dung ¢ cadc nha may nudc thai Olburgen (Ha Lan) va
Stoke Bardolph (Anh); AirPrex™ (Puc, Ha Lan) dang ap
dung tai 2 nha may xu ly nudc thai ¢ Puc, 1 ¢ Ha Lan
(AirPrex Technical Factsheet, 2015 [17]); Seaborne (Ptrc)
ap dung ¢ nha may nudc thai Githorn tu 2007, san lugng
270 kg san pham ngay (P-Rex, Gifhorn Technical Factsheet,
2015 [17]); & Phap c6 cong nghé cua Naskeo environment
(2014), san luong struvit dat 90 kg/ngay [18].

Thanh cong nhét 1 cong nghé Pearl do Dai hoc British
Colombia, Canada phat trién. Nam 2007 méi thir nghiém
quy md pilot & Bic My. Chi sau 2 nim (2009) da c6 nha
may dau tién & Durham Advanced Wastewater Treatment
Facility of Clean Water Services, Portland, Oregon (USA)
v6i cong suét thu hoi 1a 760 tan/nim. Pén nay, cong nghé
Pearl da hién dién tai 17 nha may xtr ly nudc thai dang hoat
dong & 6 quic gia (Canada, My, Anh, Ha Lan, Tay Ban Nha,
Ba Lan) véi tong cong suat 19.000 tan struvit/nim dudi tén
thuong mai la Crystal Green® (Ostara, 2018).

M6 hinh BBR [Billund BioRefinery (Nha mdy “loc
sinh khoi” Billund)]

BBR 14 mot nha may trong hé théng cua Cong ty dich
vu cong Billund Vand A/S, Pan Mach, la Cong ty cé trach
nhiém cung cip dich vu trong linh vyuc cip nudc, xir Iy nude
thai va cAp nang lugng cho thi tran Billund va khu vyc xung
quanh. BBR 1a nha may xt ly nudc thai (XLNT), déng thoi
1a nha cung cép ning lugng. O day hé thong XLNT duoc
két ndi voi hé xir 1y bun yém khi thé hé méi dong phan huy
bun tir nha may XLNT két hop véi phan hitu co trong RSH
(ODW) va céc chat thal hitu co tir cong nghi¢p (OIW). BBR
khong nhung tu tac vé mit nang lugng, né con cung cap
cho nhu cau xung quanh hon 150% nang lugng (dién, nhiét
ndng) “xanh” so véi nang lugng né tiéu thy, tai tao nudce
thai dé tai st dung, va san Xuét phan hitu co chét lugng cao
phuc vu nong nghiép. N6 thu hoi téi 98% tiém nang co thé
thu hdi c6 trong nude thai va chét thai. Nha may BBR dugc
coi 1a vi du & quy md cong nghiép vé khai niém “Kinh té
tuan hoan”, diéu nay rat quan trong d6i véi su nghiép phat
trién bén ving [19].
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bPé dat duogc cac két qua 4n tugng trén, BBR 4p dung
hang loat tién bo khoa hoc cong nghé trong linh vuc xir ly
nude/chat thai, trong d6 tréi tim ciia hé thong 1a cong nghé
phan hiy yém khi (AD) ban quyén Exelys™ ciia Veolia.
Cong nghé nay cho phép phan huy yém khi chét hitu co sdu
hon, tang thu hdi biogas 1én 20-40% so v&i thong thuong,
luong cén bun sinh ra dé 1am phan compost giam vé luong
ddng thoi thay ddi vé chét: d& tach nudc, 1am kho hon. Cing
v6i Exelis™, BBR con 4p dung nhiing thanh tyu t6t nhat
ctia nganh cong nghiép nude thai, quan trong nhét la: STAR
Utility Solutions; ANITA™Mox; BioPasteur™; Loc dia
Hydrotech™ [20].

C6 thé coi, BBR 1a mot bude tién hoa ciia nha may nudc
thai Marselisborg dd néu & trén vé khia canh thu hdi ning
luong. Bang 1 so sanh cac thong s giira hai nha may vé
khia canh thu hdi nang lugng xanh.

Bang 1. Can béang nidng lugng niam, so sanh BBR va nha may
nudc thai Marselisborg.

10°Nm* kWh
27.000.000

So sanh
100,0%

Marselisborg

Piu vao Biogas tu sinh 42

San lrong dién 10.800.000  40,0%

San lugng nhiét 12.100.000  44,8%

Ton thét 4.100.000  15,2%

TONG, kWh/nam 22.900.000 9.628.000

Xuiit ra Dién nang 10.800.000  100,0% 817.000

Nhiét nang 5.000.000  41,3% 2.500.000

Dién nang (mua) 3.200.000 29,6% ban

58,7% tu san

Tiéu thu ning lugng
& BBR

Nhiét ning 7.100.000 A
xuat
TONG, kWh/ndm 10.300.000 6.311.000
Hé sb ning luong bi¢n niing 33
(sinh ra:tiéu thu) Nhiét ning 24

Nguf}n: [21].

Luu y 14 vé miat cong suat nha may XLNT Marselisborg
c¢6 cong suit 16n hon nhiéu (32.918 m3/ngay) [22] so véi
BBR (~7.000 m*/ngay). Tuy nhién, bén canh nudc thai sinh
hoat, BBR con nhéan xttr Iy mdt luong 16n nudc thai, chét
thai giau hitu co tr cdc nha may va khu vuc chan nu6i xung
quanh, bao gém ca phan hiru co trong RSH véi tong luong
hiru co quy chat kho (DS) 1a 4.200 tAn/nam [22].

Vé hiéu qua thu hdi nang lugng tai tao qua phéan hiy hitu
co thanh biogas va phan hitu co, BBR dat t&i 99,9%, trong
d6 70% thanh biogas. Hiéu suét phat dién - nhiét tir biogas
& BBR dat ti gan 85%, ton that nhiét c6 15,2%, day la con
s6 1y tuong néu so sanh véi cac nha may nhiét dién & Viét
Nam hién nay. V& khia canh thu hdi P (52 tAn P/nim), BBR
dat toi 96%, tuy nhién, do ap dung qua trlnh annamox (0xy
hoa yém khi NH, béng NO,), hi¢u sudt thu hdi N (duéi
dang phan hitu co) chi dat 32%, phan N con lai dugc thai
vao moi truong dudi dang N, ngoai ra mot lugng di¢n nang
dang ké phai chi phi cho qua trinh nitrit hoa khoang 50%
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ctia 182 tAn N-améni/nam. Phan hitu co thu dugc 1.562 tan/
nam voi ham luong dinh dudng kha cao: 5,9%N, 3,2%P, cac
con sd nay vuot xa cac loai phan hitu co vi sinh hién nay &
Viét Nam.

C6 thé thay, diém manh cua BBR la cong nghé AD rit
hi€u qud, can bun phat sinh chat luong cao vé mat dinh
dudng va ca vi sinh, c6 thé sir dung cho nong nghi¢p. Hon
nira, cong ngh¢ BBR cho phep xir ly dong thoi ca phan hitu
co trong RSH, diéu nay rat quan trong v6i Viét Nam vi ¢o
thé giam thiéu nhu cau chon lap rac, tao thuan loi cho cong
nghiép thu hoi - tai ché chat thai rdn. Piém con chua hoan
thién 1a phan N thu hdi con thap, diéu nay kéo theo chi phi
dién nang trong qua trinh xr Iy TN & day chuyén xir Iy nudc.
Két luan va kién nghi

Duéi 4p luc cua 6 nhiém mai truong, cta sy can kiét
tai nguyén, ctia sy bién d6i khi hau, mé hinh “Kinh té tuin
hoan” trong cong nghiép xir Iy nudc thai la didu phai va nén
theo dudi. Sy thanh cong cia M6 hinh BBR ¢ Pan Mach
1a rit nén hoc tap. M6 hinh BBR cho phép loai bo nhu cau
chon RSH, xur Iy ddng thoi nude thai do thi, phan hitu co
trong RSH tir ca d thi 1an nong thon, nude thai giau hitu co,
bao gom ca nudc thai chan nudi, gop phan phat trién nong
nghiép bén viing thong qua xir 1y chit thai va cung cap cac
dang phan bon, hinh thanh lién két d6 thi - nong thon kiéu
méi.

Vé mit thugn li, thir nhdt 1a mic d6 do thi hoa cua
Viét Nam dang & muc rat thip so véi mirc trung binh cia
thé gioi, dong thoi mirc d6 xir Iy nuwdc thai d6 thi hién ciing
con rat khiém tn so véi nhu cau phai thyc hién. Didu nay
6 nghia 14 cac d6 thi méi hinh thanh s& can ¢ cac tram xur
ly nude thai xdy méi, cong voi nhu cau xir Iy RSH mdi, ké
ca nudc thai giau hitu co ¢ vanh dai xanh xung quanh dé
thi méi, diéu nay s& 1a thuan loi dé ap dung ngay cach tiép
can BBR méi voi ha ting méi phit hop dé thay thé mé hinh
BHT di duoc danh gia 1a “sai” vé mat bao vé tai nguyén
[2]. O cac nudc phat trién, voi mirc do d6 thi hoa di rit cao,
ha t?lng d6 thi d3 hoan thién & murc cao, s& kho hon nhiéu
dé quyét dinh chi phi cho viéc pha cii, xdy moi, Viét Nam it
kho khan hon vé khia canh nay.

Thuan loi thir hai, rat quan trong la Chinh phu Viét Nam
rt coi trong chinh sach “khéng danh ddi méi trudong lay
phat trién kinh t&”, Viét Nam c6 nhu cau 16n vé& mat nang
luong dé phat trién, tuy nhién COP21 van cam két giam
phét thai 8% KNK. M6 hinh BBR s& dong thoi giai quyét
bai toan vé sinh méi truong (nude thai, rac hiru co), thu hoi
nang lugng tai tao va giam phat thai KNK. S¢€ thuan lgi hon
khi mot s6 thanh phd ¢ Viét Nam da bat d¢au chinh sach phan
loai RSH, tach riéng rac nha bép bét budc.

Thuén 10i thi ba 13 dau ra, nhit 1a dbi v6i phan hiru co
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chét luong cao va an toan cho vanh dai xanh - noéng thon
xung quanh cac d6 thi moi dé phat trién néng nghiép hitu
co, mot chlnh sach moi nira cua nganh nong nghlep Viét
Nam, v6n 13 mot nude thuan nong dang phat trién. Hon
nita, md hinh BBR con sin sang nhan cac chit thai hiru co
tir chin nudi, ché bién thuc phétm. .. 0 vanh dai thuc phém
xung quanh do6 thi dé thuc hién chu trinh xu ly - tai tao tai
nguyén, gidm nhe ganh nang xu ly mdi truong cho néng
thon xung quanh vén rat kho khan vé ngudn luc dé xur 1y
mdi trudng, gop phan phat trién chinh sach nong thén mai.

V& mit khé khan, Viét Nam s& phai di mit véi stc y
ctia “thoi quen” 1am theo cai ma s6 dong thuong van lam.
Kho khan tiép theo s& 1a van dé td chirc lai hé théng v¢€ sinh
mbi trudng hién c6. Kho khin 16n nhat va can vuot qua som
nhét 1a tu duy quy hoach. Hi¢n nay, quy hoach d6 thi, nong
thon gan nhu doc lap, su thé hién cua cac hé thong m01
truong trong d6 rit mo nhat, cach tiép can theo BBR rat can
su théng nhat, hon nita, mot s6 thay doi can thiét trong thiét
ké ha tang can dugc nghién ctu (vi du, duong dan nudc
thai tir d6 thi néu 4p dung nghién rac nha bép tai chd hay
hé thdng dan thai vé trung tdm xu 1y tir khu vuc nong thon).
Khoé khin cudi ciing 13 vén dau tu, cong nghé méi nén c6 thé
dat? Tuy nhién, yéu t6 gia c6 thé tham khao tir dw 4n BBR
va ¢6 thé khic phuc nho céc lgi ich ma n6 mang lai (dién
- nang lugong, nudc sach, phan bon). Cac kho khan nay chi
¢6 thé vuot qua dugc néu tép hop duorc doi1 ngti can bd da
nganh, da linh vic ¢ quyét tim va sin sang thuc hién cac
cong tac nghlen ctu, tuyén truyén dé co su tng ho cua hé
thong chmh quyén céac cdp va dan cu & khu vuc dlI an. Dac
biét 1a can sy tham gia cua nhitng nha dau tu co tAm va co
tam v6i twong lai cia dat nude.

M6 hinh BBR hoan toan c6 thé ap dung ¢ Viét Nam va
nén ap dung cang sém cang tot, khi mirc d6 d6 thi héa con
chua qué cao (6 murc 35-40%). Viéc ap dung mo hinh BBR
doi hoi su thay doi tu duy tir buée quy hoach, can két hop
quy hoach d6 thi véi phat trién nong thon. Cac ndi dung
nghién ctru k¥ thuat can két hop véi cac yéu td kinh té dé
1am 5 hon tinh kha thi ciia phwong an nay. Hon nita, vin dé
x4 hoi, to chitre thue hién, nhu sy chuyén ddi vai tro cua cac
Urenco cling can dugc quan tam.
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Nghlen ciru ché tao thiét bi dua trén nguyen ly do
ap suat dé theo doi lién tuc BOD trong thoi gian dai
nham xac dinh dac tinh nwdc thai

Truong Thi Trang', P Anh Tuén?,
Nguyén Thanh Pam', Pham Hung Viét"
'Phong thi nghi¢m trong diém Cong nghé phan tich phuc vu kiém dinh méi truong
va an toan thuc phdm, Truong Pai hoc Khoa hoc Tw nhién, Dai hoc Quéc gia Ha Ngi
’Phong Cong nghé tu dong hoa, Vién Cong nghé Thong tin, Vién Han lam Khoa hoc va Cong nghé Viét Nam

Ngay nhén bai 17/10/2018; ngay gii phan bién 19/10/2018; ngay nhan phan bién 16/11/2018; ngay chip nhan dang 22/11/2018

Tom tit:

Nhu ciu oxy sinh héa (BOD) 1a mét trong nhirng thong sé quan trong trong phan tich mdi truwong, cho phép dinh
gia mirc d9 6 nhiém hiru co c6 kha ning phan hiiy sinh hoc dwéi diéu kién hiéu khi. Mic di viée xac dinh BOD trong
thoi gian dai (khoang 20 ngay) véi tin suit cao (cé thé téi 5 phit/lan) dem lai nhiéu thong tin hiru ich vé dic tinh
ciia nwéc thai, nhung cac thiét bi do BOD thwong mai hién nay chwa dap vng nhu cau trén. Nghién ciru nay da phat
trién thanh cong mot hé do BOD méi, dua trén nguyén ly do ap suit, cho phép theo dai lién tuc gia tri BOD ciia mau
nuée thai trong thoi gian dai (trén 20 ngay). Thiét bi sir dung sensor do ap suit kiéu twong ddi theo nguyén Iy ap tré
v6i khoing hoat dong tir 0~138 mbar, sai s6 0,05%, dd tuyén tinh R?>0,997. Thong sé diu ra dwgc bt nhiét thong
qua mot bién tré nhiét do dat trong thiét bi, sau d6 dwoc hién thi trén man hinh LCD ciing nhw luu 1ai trong by nhé
ROM ciia thiét bi, dong thoi cé thé truyén 1én may tinh qua giao tiép RS232. Hoat dong ciia thiét bi trong thue té da
dwoc kiém chirng thong qua viéc theo déi BOD ciia mau thuc trong 20 ngay va so sanh véi két qua thu dwore tir thiét
bi do BOD thuwong mai ciia HACH. Day la mgt gidi phap vira cho phép do gia tri BOD trong thoi gian dai, vira c6

gi4 thanh thép, c6 tiém ning ing dung rong rii trong diéu Kkién Viét Nam.

Tir khéa: dic tinh nwéc thai, do 4p suit, nhu ciu oxy sinh héa, phan hiy sinh hoc, phén tich méi trudng.

Chi s6 phén loai: 2.7

- 4 by
Dat van dé

Viét Nam 13 qudc gia di 1én tir nong nghiép vai thé manh
vé cac nganh chin nudi gia stic, gia cAm va nudi trong thiy,
hai san. Day la diéu kién thuan lgi cho su phat trién cta
nganh cong nghiép ché bién thuc phim. Mic du vay, viéc
quan ly va xu ly lu’ong nudc thai ngay mot tang tir cac nganh
nay dang 1a vin dé nhan dugc nhidu sy quan tim tir cac nha
quan ly cling nhu cac nha khoa hoc.

Ngay nay, xu huéng xir Iy nudc thai bang viéc sir dung
cac cong nghé xanh, bao gdm céc qua trinh sinh hoc phén
huy hiéu khi va phéan huy ki khi, dang duoc cac nha moi
truong chi y ddc biét. Dé lya chon cong nghé xtr Iy phu hop,
viéc x4c dinh dic tinh cua chét thai dong vai tro rit quan
trong. BOD la mét trong nhitng dic tinh ndi bat dé danh gia
chét lugng nude va mirc d6 6 nhiém cua nguén nudc.

Nhiéu cong nghé xtr 1y nude thai hién dai dwoc phat
trién dé tang cuong hiéu qua xir 1y, khong chi cho cac hop
chit ctia cacbon (C) ma cho ca cac hop chat chira nito (N)
va photpho (P). Hau hét cic cong nghé hién dai déu doi

Tac gia lién hé: Email: vietph@vnu.edu.vn
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hoi cac mé hinh toan hoc nham mo phong, van hanh va tdi
wu qué trinh xir 1y. Pbi voi qua trinh phan hiy hiéu khi,
cac mo hinh toan hoc dya trén mé hinh bun hoat tinh hiéu
khi (ASM) duogc dé xuét boi Hiép hoi Nudce qudc té (TWA)
dang duogc phat trién va mg dung rong rai. Trong cac mo
hinh nay, bén canh cac thong sb thuong gap con cé su Xuét
hién cua cac bién sé méi kho xac dinh nhu axit béo bay
hoi (VFA), phan cht nén phéan hity nhanh, chim hay khong
phan huy... Trong thoi gian gan déy, da c6 mot sd nghién
cuu phat trién mo hinh toan hoc dua trén cac mo hinh ASM,
ma cu thé 1a ASM3, két hop véi cac dit liéu vé BOD va pH,
qua do6 xac dinh dugc cac thong s6 néu trén. Yéu cau dat
ra d6i v6i cac mé hinh nay 13 can c6 cac thong tin vé BOD
va pH trong mau véi tan sudt cao (c6 thé toi 5 phut/lan) va
trong thoi gian dai (khoang 20 ngay) dé hiéu chinh mé hinh.

Céc phuong phap truyén théng dé xac dinh BOD duoc
thuc hién thong qua phép do ham lugng oxy hoa tan trong
nudc (DO) bﬁng cach chuén d¢ ot (phép chuin do Winkler)
hodc su dung dién cuc do DO (dién cuc dién hoa hoac dién
cuc quang hoc) [1, 2]. Tuy nhién, cac phuong phap nay
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Abstract:

Biochemical Oxygen Demand (BOD) is one of the
important parameters in environmental analysis
allowing to estimate the organic pollution level which
is biodegradable in the aerobic condition. Although the
determination of BOD for long-term (about 20 days)
at a high frequency (up to 5 mins/1 sampling time) can
provide more useful information about wastewater
characteristics, the available commercial BOD devices
have not yet met the above target. Through this
research, a novel BOD device based on the manometric
principle has been successfully developed, and it can
help to continuously monitor the BOD of wastewaters in
more than 20 days. This device can be operated using a
relative piezoresistive pressure sensor with the range of
0 to 138 mbar, the accuracy of 0.05%, and the linearity
R? >0.997. The output parameters are thermally
compensated by a temperature sensor installed inside
the device and then displayed on LCD, stored in ROM
and transferred to the hyphenated computer over a
serial communication interface RS232. The performance
of the device is evaluated through the comparison with
that of a commercial device of HACH company. This
solution not only allows to follow the fluctuation of BOD
in a long time but also has a low cost and exhibits high
potentials for wide application in Vietnam.

Keywords: biochemical oxygen demand, biodegradable,
environmental analysis, manometric, wastewater
characteristics.
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khong thich hop dé theo ddi BOD trong thoi gian dai vi hoat
dong cta dién cuc tiéu ton mot lugng nhd oxy va sé gay sai
s0 néu do voi tan suat cao.

Trong thoi gian gén day, phuong phap do BOD dua trén
nguyén ly do ap suét (hinh 1) dugc ap dung phd bién do su
don gian vé thiét bi va cach thtrc van hanh [3]. Uu diém cia
phuong phap nay 1a c6 thé theo ddi BOD mot cach thudn
tién trong mot thoi gian tuong d01 dai (5-10 ngay) Co s
ctia phuwong phap dwa vao ap suat 1a su can bang oxy gilta
hai pha khi va long trong hé. Khi CO, sinh ra dugc hap thy
boi kiém rén (thuong dung NaOH hoac KOH). Khi do, ap
suét pha khi giam xubng do su tiéu thu oxy. Su thay ddi nay
duoc theo ddi boi mot cam bién do ap suit va duoc chuyén
thanh lugng oxy tiéu thy, tir d6 xac dinh dugc gia tri BOD
theo cong thure:

AP V-V

Amy,,
= =32000-—
4 RT VW,

L

BOD (mg-0,/1) =

L

T NaOH
/ co, :

thi = Vblnh - VI(')ng

co o
T 2 ‘ 2
| .

Vléng

Hinh 1. So d6 minh hoa hoat dong ctia mot thiét bi do BOD theo
nguyén tic do ap suat.

Trén thi truong da cd mot s6 thiét bi thuong mai do
BOD theo nguyén ly do ap suat nhu cac thiét bi Oxytop cia
WTW, BOD Track ciia HACH... Tuy nhién, diém chung
ctia cac thiét bi nay la khong thé hoat dong lién tuc trong
thoi gian dai vai tan sudt lay mau 16n. Thiét bi Oxytop chi
c6 thé luu trit gia tri BOD trong 5 ngay dau va phai truy xuét
dit liéu bang tay. Thiét bi BOD Track c6 thé két ndi véi may
tinh dé ldy dir liéu nhung thoi gian cho mét lan do khong
quéa 10 ngay va tan suét Iy mau 20 phut/lan. Thyc té nay dat
ra nhu cau phat trién mot thiét bi co kha nang theo doi lién
tuc BOD (dua trén phuwong phap do ap sut) trong thoi gian
dai voi tan sudt cao.

Thiét bi dugc phat trién trong nghién ctru nay sé 1a bude
mé dau cho viéc phat trién thiét bj do ¢6 kha ning do dong
thoi BOD va pH dé cung cap cac gia tri cho hiéu chinh mo
hinh toan hoc nhdm thu dugc nhiéu thong tin hitu ich vé dic
tinh clia nguon thai. Ngoai ra, thiét bi do BOD nay c6 thé
thay thé dugc céac thiét bi thuong mai hién nay trong viéc
xac dmh BOD;. Vi¢c tu chu trong ché tao tir phan cung to1
phan mém cé the gitip tang tinh tién dung cta thiét bi va co
gia thanh thap hon cac san phim thuong mai. Gia thanh udc
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tinh cta 1 thiét bi do BOD tu ché tao khoang 200 USD/thiét
bi (1 binh do), trong khi d6 gi4 cua 1 thiét bj Oxytop cia
WTW (Dirc) 1a 300 USD va gia ctia mot thiét bi BOD Trak
II cia HACH khoang 2700 USD/6 binh do.

Vat liéu va phuong phap nghién ciiu
Héa chit va dung cu

Hoa chat: chit chuan NaOH (Merk, Dtic) dé hap thy khi
CO, trong céac thu nghi¢m do BOD.

Linh kién dién tir: vi didu khién (STMicroelectronics,
M¥), cac cam bién do ap suit (TE connectivity, Thuy Si)
va nhiét d6 (Sensirion AG, Thuy S¥); man hinh hién thi
LCD 8x2 ky tu (Newhaven Display Intl, M¥); bd nhé luu
trit ROM 64KB (Adesto Technologies, My); cong két nbi
RS232; b¢ cap ngudn 12 VDC (bang 1).

Dung cu: thiét bi do BOD Trak II (HACH, Hoa Ky),
thiét bi hi¢u chinh &p suat (tai Vién Do luong Viét Nam).

Mau nude thai duoc sir dung trong thi nghiém dé kiém
tra doi chung gitra thiét bi do BOD tu ché tao véi thiet bi
thuong mai la nudc thai dugc thu thap dau ra tur trang trai
chéan nudi lon tai huyén Gia Lam - Ha Noi.

Bang 1. Cac linh kién dugc st dung dé phat trién thiét bi do
BOD.

Tén linh kiégn  Model Nha sén xuét Théng sb
Ngufm cép 1,8-3,6 V; bo
xu ly 16 bit; 28 chan vaoi 24
o g oA . . GPIO; 8 cong vao twong tur
Vi diéu khiéen ~ STM32F030R8T6 STMicroelectronics L
10 bit; giao tiép 12C, UART,
SPI; nap chuong trinh
truc tiép
L Ngudn cip 0-75 mV; dong
Cam bién do - i X
) & 13A-002G TE connectivity ra 1,5-2 mA; do kiéu ap tro
HyE 0-138 mbar; sai s6 0,05%
R oA Ngufm cép: 2,7-3,3 V; dai
Cam bicn do L o £
e an STS21 Sensirion AG do 0-50°C; sai s6 0,1°C; két
nhiét do ‘.
noi 12C
X Nguén cép: 1,65-3,6 V; dung
ROM RM24C64C-LSNI-B Adesto Technologies Ao
lugng: 64 KB; két noi 12C
Newhaven Display Nguén cép 4,7-5,5 V; kich
LCD NHD-0208BZ-RN-GBW

Intl thude 8x2 ky tu

Phit trién thiét bi

Quy trinh phat trién thiét bi dugc thé hién ¢ hinh 2, bao
gém xac dinh tinh nang va lya chon linh kién, thiét ké cac
mach dién tir va 1dp rap thiét bi, cudi cung 13 hiéu chinh
thiét bi trude khi ap dung trong thuc té. Viéc thiét ké mach
nguyén 1y ctia cac thanh phan trong thiét bi dugc thiét ké
trén ph?m mém OrCAD. Mach in PCB dé két nbi cac linh
kién duoc thiét ké bang phan mém PADS2015. Sau khi lip
rap, thiét bi dwoc hi¢u chinh bang cach do tin hiéu ctia cic
gia tri chuan vé 4p suat, thanh 1ap dudng chuan va nap vao
vi diéu khién. Viéc hiéu chinh ap suit nay duoc thyuc hién tai
Vién Do ludong Viét Nam.
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Lip rp
thiet bi

Cam bién do ap suit . Thiét ké mach

Cambién donhiét 8  nguyén lybang OrCAD
Man hinh Thiet ke mach in bang
Vi diéu khién PADS2015

Ciéc clnrc ning chinh
Khoang hoat déng

Hiéu chinh
Cic tinh niing b trg
ROM

thiét bi '
RS232

Hinh 2. Quy trinh phat trién thiét bj do BOD theo nguyén ly
do ap suat.

Xay dung phan mém ghi div ligu

Thiét bi do BOD tu ché tao dugc phat trién voi muc
tiéu theo doi lién tuc BOD véi tuan suét 16n trong thoi gian
dai. Piéu nay tao ra sb luong dir liéu kha 16n. Pé thuan tién
trong qua trinh st dung, mot ph?m mém ghi dir liéu da duoc
xay dung nham ghi lai cac dir liéu thu dugc mot céch tu
ddng. Phan mém duoc phat trién dya trén ngon ngir C# bang
phin mém Microsoft Visual Studio 2017.

Kiém tra hoat dong ciia thiét bi trong thuc té

bé khéng dinh hoat dong cua thiét bi trong thuc té, céac
mau nudce thai dugc tién hanh do BOD ddng thoi bang thiét
bi do BOD ty ché tao va thiét bi do BOD Trak II cia HACH.
Trong thi nghiém 1, mau dugc pha lodng 20 lan (BOD sau
khi pha lodng trong khoang 0-400 mg/1) bang nuéc deion.
Trong thi nghiém 2, mau duoc pha loang 10 lan. Thé tich
mau trén thiét bi do BOD tu ché tao 1a 97 ml va & thiét bi
BOD Trak IT 1a 95 ml (theo khuyén nghi ciia nha san xuat).
Trong ca hai thi nghi¢m, BOD duogc theo doi lién tuc trong
20 ngay, gia tri BOD duoc ghi lai voi tin sudt 20 phut/lan.
Luong NaOH st dung dé hép thu CO, trong ca hai thiét bi
0 hai lan thi nghiém 1a giong nhau (0,58 gam). Cac két qua
thu dugc duge xir 1y bang Microsoft Excel.

Két qua va thao luan
Két qud phat trién thiét bi

Luwa chon linh kién: bd phan quan trong nhét trong thiét
bi 1a cam bién do ap suat. Bé dam bao thiét bi c6 thé cung
cép du oxy cho vi sinh vat khi hoat dong, lugng oxy tiéu
thu khong nén vuot qua 50% lugng oxy co trong binh, tirc
1a khoang 1am viéc cua cam bién nam trong khoang 0-105
mbar véi sai b dudi 1% trén toan khoang. Bén canh dé, dé
thuan tién trong viéc tinh toan va xu ly sb liéu, cam bién
do ap sut tuong ddi so v4i ap sut khi quyén. Mt khac,
gia tri &p suit do duogc phu thude nhiéu vao nhiét do, ngoai
viéc tién hanh thi nghiém trong cac tu u 6n nhiét, viéc tich
hop cam bién do nhiét do 1a can thiét dé c6 thé loai bo tac
dong cua nhiét do dén phép do. Cam bién nhiét do sé duoc
gfm bén trong binh thi nghiém dé do nhiét d6 hién thoi cua
moi truong thi nghiém, véi khoang lam viéc 10-30°C. Cac
két qua do duoc trén thiét bi dwoc luu trit trén bd nhé ROM



va ¢6 thé truy xuat qua man hinh hién thi LCD hodc truyén
tai t6i may tinh thong qua giao tiép RS232. B6 nhé ROM
can c¢6 dung luong du 16n dé co thé luu trit cac thong sé do
dugc trong thoi gian dai (khoang 3 tuan) véi tuan suat liy
mau 16n (co thé téi 5 phit/lan). Toan bd cac hoat dong ciia
cac thanh phan trén dwoc didu khién thong qua mot vi didu
khién. Vi diéu khién nay can c6 bo xir 1y tdi thiéu 16 bit va
21 pin I/O dé két ndi cac thiét bi ngoai vi ciing nhu c¢in tich
hop bo chuyén déi ADC va cac cong giao tiép URAT, 12C.
Heé thiét bi dugc cung cdp ning lugng boi ngudn 12 VDC
boi co thé d& dang bién ddi ngudn nay vé 3,3 V hoidc 5 V (1a
cac dién ap ddu vao thudng gip cua cac linh kién trén). Viée
lua chon linh kién duoc tién hanh dya trén cac tinh nang yéu
cau néu trén, trong d6 c¢6 chu ¥ toi viée can bang giita hiéu
qua va gia thanh.

Thiét ké mach dién tir: cac mach nguyén ly cho cac thanh
phan trong thiét bi dugc thiét ké bang phan mém OrCAD,
bao gém ph?in nguén nudi, vi tri két ndi linh kién, mach
khuéch dai thuat toan (néu can) va vi tri két ndi véi vi diéu
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khién. Mach PCB duoc thiét ké trén PADS2015 véi yéu cau
dam bao céc linh kién duge bé tri hai hoa, dam bao céc tin
hiéu két ndi khong bi chdéng chéo, chdng nhiéu giira cac
phan v6i nhau. Mach nguyén 1y ciia cam bién do 4p suét,
mach in PCB sau khi ghép ndi linh kién va hinh anh thiét bi
sau khi hoan thién dugc thé hién ¢ hinh 3.

Hiéu chinh thiét bi: sau khi hoan thi¢n, thiét bi duoc hiéu
chinh bang cach thiét 14p phuong trinh tuyén tinh giita tin
hiéu do va ap suit. Két qua cho thdy, c6 sy trong quan tuyén
tinh t6t gitra tin hiéu thu dugc trén cam bién voi ap suat khi
hé s twong quan cta duong chuin dat 0,9975. Sau khi thu
dugc dudng chuan lién hé giita 4p suét va tin hiéu, tién hanh
do thir nghiém cac 4p suat trong thuc té. Két qua thu duoc
trén hinh 4 cho thiy su phu hop tot gitra gia tri do dugc tir
thiét bi va gia tri ap suét thuc té, dic biét trong khoang tur
20-120 mbar, sy sai khac chi khoang 1%. biéu nay mot lan
nita cho thay sy 6n dinh cta thiét bj va pht hop cho myc tiéu
theo ddi BOD bang phuong phap do ap suét.
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Hinh 5. Giao dién phan mém do BOD.
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Két qud xdy dung phan mém

Phan mém do BOD duogc xay dung dua trén ngdn nglr
C#, tuong thich véi cac hé diéu hanh Windows phién ban
tur XP trd 1€n. Tinh nang chinh cua phﬁn mém 1a doc dit lidu
tir thiét bi va luu lai dudi dang file text mot cach tw dong dé
tién truy cap. Nguoi dung cung cép cac thong tin vé cong
két nbi, vi tri luu file két qua, thé tich binh phan Gng va thé
tich dung dich mau (dé tinh toan BOD tir ap sudt do dugc),
tan suat ldy mau (tir 5 phut t6i 1 ngay/lan). Phan mém sé tra
vé két qua 1a thoi gian do mau va gia tri BOD hién tai. Hinh
5 thé hién giao dién hoat dong cua ph?m mém da phat trién.

Két qua thir nghiém thiét b thue té

Sau khi hiéu chinh thiét bi va xay dung phan mém do dir
lidu, thiét bi dugc tng dung dé theo ddi lién tuc BOD cua
mau nude thai tir trang trai chin nudi lon. Két qua thu dugc
trén thiét bi BOD tu ché tao va thiét bi BOD Trak II cua
HACH dugc thé hién trén hinh 6.

160 ,
PPy
120
3 s
g 80
A
Qw f—1
0 >
0 5 10 15 20
Thoi gian (ngay)
(A) —BOD tychétgo ——BOD Trak Il

300 4 .
2
g
8 100
m
0 >
0 5 10 15 20

Théri gian (ngay)
(B) —BOD ty chétgo ——BOD Trak II
Hinh 6. Két qua so sanh giiia thiét bji BOD tu ché tao va thiét bj
BOD Trak Il ciia HACH. (A) Két qua ti thi nghiém 1; (B) Két qud
tu thi nghiém 2.
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C6 thé nhan thiy rang, trong ca hai lan thi nghiém, gia
tri BOD thu dugc gitta hai thiét bi gén nhu tuong déng trong
khoang thoi gian 10 ngay dau tién (1a thoi gian do 16n nhat
trén thiét bi BOD Trak II cia HACH), véi sai s6 khong vuot
quéa 10% trong thoi gian ngay thir 2 dén ngay thir 10. Véi
ngay dau tién trong hai thir nghiém, két qua thu dugc tir hai
thiét bi co su sai khac 16n hon do gia tri BOD luc nay kha
nho (dudi 15 mg/l trén ca hai thiét bi). Bén canh dé, & ca
hai thiét bi, gia tri BOD trong hai lan thi nghiém van tiép
tuc tang kha nhanh sau ngay tht 5, diéu nay cho thay gié tri
BQD5 ¢6 thé chua phan anh day du qu:ci trinh oxy hoéa hop
chat hiru co trong hé béi vi sinh vat. O thir nghiém 1, gia
tri BOD, twong duong véi khoang 68% BOD,; (dugc coi
nhu BOD ), trong khi ¢ thi nghiém 2 gia tri nay la 76%.
Sau ngay thtr 12, gia tri BOD trd nén it thay d6i va duong
cong BOD thu dugc gan toi duong tiém can (BOD,,=90%
BQD20 trong thi nghiém 1 va 92% trong thi nghiém 2). Céc
két qua trén cho thay kha nang hoat dong hiéu qua va dang
tin cdy trong thoi gian dai v&i tan suat lién tuc cua thiét bi
BOD tu ché tao.

Két luan

Trong nghién ctru nay, thiét bi BOD c¢6 kha ning hoat
dong lién tuc trong thoi gian dai dua trén nguyén ly do ap
sut di duoc ché tao thanh cong. Quy trinh ché tao bao gdm
cac buoc xac dinh tinh nang va lya chon linh kién, thiét ké
mach dién tir va lap rap, hiéu chinh va kiém thir. Song song
v6i d6, phan mém ghi nhan dit lidu ciing da duoc xdy dung
dya trén ngdn nglt C#. Qua trinh kiém tra hoat dong trong
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thuc té bang cach do d6i ching nuc thai tir trang trai chin
nudi lon vai thiét bi thuong mai BOD Trak II cia HACH
cho thay, thiét bj da ché tao c6 d6 6n dinh va do tin cay tdt,
dap ung duoc yéu cau theo ddi BOD lién tyc trong thoi gian
dai (20 ngay). Thiét bi s& dugc tiép tuc phat trién nhdm hoan
thién vé thiét ké ciing nhu tinh ning, bao gdm viéc tich hop
cam bién do pH, thu gon thiét bi, dong thoi phin mém do
BOD ciing s& dugc nang cap dé ¢ giao dién than thién hon
va c6 thé biéu dién tryc tiép vé BOD va pH.

CAc tac gia chan thanh cam on sy hd trg vé tai chinh cia
Pai hoc Qudc gia Ha Noi (dé tai NCKH ma s6 QG17.18) va
Co quan Ngoai giao vung Wallonie-Bruxelles (Bi) (dy an
mi s6 15). Cac tac gia cling tran trong cam on sy trg gitp
ctia Vién Po luong (VMI) thude Tong cuc Tiéu chuan Po
luong Chat lugng (Bo Khoa hoc va Cong nghé) trong viéc
hi¢u chinh thiét bi.

TAI LIEU THAM KHAO

[1]TCVN 6002-1:2008, Chdt hrong nuéc - Xdc dinh BOD sau n ngdy
(BOD ) - Phan 1: Phwong phdp pha lodng va cdy ¢6 bé sung allylthiourea.

[2] TCVN 6002-1:2008, Chdt hrong nuéc - Xdc dinh BOD sau n ngdy
(BOD ) - Phén 2: Phirong phdp dimg cho mau khéng pha loéng.

[3] Nguyén Thanh bam, Truong Thi Trang, Duong Hong Anh, Pham
Hung Viét (2017), To. ong quan vé cdc phirong phdp déanh gid BOD, Ky yéu
Hoi thao khoa hoc quéc té phat trlen nang luc su pham ddi ngil gido vién
khoa hoc tu nhién dap tmg yéu cau ddi méi gido duc phé thong, Nha Xuit
ban Khoa hoc tu nhién va Cong nghé, tr.677-684.



s Khoa hoc Ky thuat va Céng nghé

Ung dung song siéu Am tan so thap
dé tién xir Iy bin hitu co
Lé Minh Tuén, P§ Vin Manh"

Vién Cong nghé Moi truong, Vién Han lam Khoa hoc va Cong nghé Viét Nam
Ngay nhan bai 26/10/2018; ngay chuyén phan bién 29/10/2018; ngay nhan phan bién 28/11/2018; ngay chép nhan ding 1/12/2018

Tom tit:

Khio sat anh huéng ciia thoi gian siéu Am 1én ham lwong tong carbon hitu co' (TOC), téng carbon hiru co hoa tan
(Sro0) chit rin bay hoi (VS) va hiéu qua qua trinh phan hity yém khi (PHYK) anaerobic thu hdi khi blogas dlr(rc
thuc hién trong nghlen ciru nay. Thoi gian siéu 4m tién xir Iy (TXL) dwoc dit & mire 0, 10, 20, 30 phit véi tin s 37
kHz va cong suit 1500 W. Bun nghién ciru dwgc lay tir tram xir ly nuwée thai nganh ché bién thiiy san tai Pa Ning.
Pé danh gia hiéu qua ciia TXL théng qua PHYK va thu héi biogas, mt thiét bi dang modue tich hgp dwoc sir dung
dé theo doi va kiém chirng trong thoi gian 25 ngay. Két qua nghién ciru cho thiy, thoi gian siéu Am khong anh hwéng

dén ndng 46 TOC, S

TOC

va VS. Kha ning loai bé TOC ciia mAu bun ddi chirng so véi miu siéu 4m 30 phut chénh

nhau 25%. Lugng khi sinh hoc thu dwgc 16n nhit & miu cé thoi gian siéu 4m 1a 30 phit.

Tir khéa: biogas, bun thai, PHYK, siéu am, TXL.
Chi 56 phin loai: 2.7

Mé dau
Trong xt ly nudc thai, phuong phap bun hoat tinh
thuong tao ra tir 18 dén 27 kg bun cho mdi m® nude thai
duoc xtr 1y [1] va loai hinh xir Iy cho chat thai phat sinh thir
cap nay dugc coi la tén kém vi n6 thuong chiém 25-60%
tong chi phi hoat dong cua cac nha may xir 1y nudc thai sir
dung k¥ thuét nay [2-4]. PHYK la mdt k¥ thuat thuong dugc
sir dung dé xir Iy bun, 6n dinh chit rin va tao ra khi biogas.
Tuy nhién, PHYK thuong dién ra cham, véi thoi gian luu
giit chat rin (SRT) khoang 20 dén 30 ngay [4]. Su thay phén
cac chat hitu co dang hat trong bun thai thuong bi han ché,
néu nhu khéng c6 phwong phap gitip cho qua trinh nay dugc
dién ra thuan loi thi s& gay kho khan cho viéc phan hiy ¢ cac
cong doan sau [5, 6]. Tién xur Iy (TXL) bun truoc khi PHYK
thuong duoc ap dung dé hoa tan cac chat ran gilp gia tdng
tbc do phan huy sau d6. Nghién ctru cua Takashima, Zhen,
Kinnunen va céc cdng su [7-9] da chi ra TXL bun khong
chi giup chét rin phan huy nhanh ma con tao diéu kién cho
phan huy sinh hoc & cac cong doan sau duge dién ra thuan
loi. Két qua 1a, mot phan ning luong va héa chat dau vao
trong qué trinh TXL s& ldng phi vao viéc hoa tan chat hiru
co dé phan huy sinh hoc ma khong lam tang kha ning phan
huy sinh hoc cua bun. Trén thuc té, bun thai tai cong doan
lang so cip ctia cac hé thong xir 1y nudce thai thudng co chira
cac chat ran d& phan huy hon so v6i bun tai cong doan ling
thir cap, do do6 viéc lya chon loai hinh nguyén liéu phu hop
dé thuc hién qua trinh TXL Ia rat can thiét va tranh dugce cac

"Tac gia lién hé: Email: dovanmanh@yahoo.com
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chi phi phat sinh trong qué trinh xtr 1y.

Hién nay, nhiéu cong trinh da coéng bd vé nghién ctiru
mg dung cic phuong phap TXL nhu kiém, ozone va nhiét
[10-14]. Cac phuong phap TXL nay da chi ra dugc nhiing
vu diém ndi troi nhu gitip cho qua trinh phan giai cac hop
chat hitu co trong xir Iy bun thai dugc kha thi hon, nang cao
hiéu suit xtr 1y, rat ngan thoi gian luu va tir d6 tiét kiém
duoc chi phi. Tuy nhién, TXL bing phuong phap siéu am
cling ¢6 nhiing han ché nhét dinh, nhu: kho trién khai trong
thuc té do gia thanh cao, k¥ thuat doi hoi phirc tap, thiét b
quy mod cong nghi€p khé dap tng. Nhung trong nhitng hé
thdng quy mé nhoé nhét dinh nén c6 bude TXL phu hop dé
gitp cho qué trinh PHYK dugc dién ra thuan loi.

Song si€u am 1a mot phuong phap da dugc ung dung
rt nhidu trong TXL bun, song nay gy ra su gidn nén theo
chu ky va truyén qua méi truong. Cac vi tam khi hinh thanh
trong qua trinh nay dugc pha vo mot cach cudng ép trong
vong vai micro gidy sau khi dat dén mot kich thudc gisi han,
tao ra su xuat hién cua cac bong bong. Sy pha vo dot ngodt va
cudng ép d6 dan dén cac diéu kién khic nghiét (nhiét do tai
chd khoang 5000 K va mot ap sudt trén 500 bar), tao ra luc
cit co hoc thity luc rdt manh va cic phan g hoan toan rat
16n (H' va OH’). Ca luc cit co hoc thuy luc va sy oxy hoa
ctia H' va OH' gop phan pha v cac khéi bun va giai phong
céc té bao chat [15-17].

Nghién ciru nay nham khao sat tinh kha thi cua viéc ap
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Application of weak ultrasonic
pre-treatment for organic sludge
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Abstract:

This work investigated the effect of weak ultrasonic
irradiation on total organic cacbon (TOC), soluble
total organic carbon (S, ), volatile solid (VS) and the
efficiency of anaerobic digestion for biogas production.
The ultrasonic irradiation time was set up at 0, 10, 20
and 30 min via Ultrasonic Bath S300H (37 kHz, 1500
W). The organic sludge samples were obtained from
the central wastewater treatment plant of the Danang
seafood service industrial zone. The module equipment
was used to evaluate the effect of anaerobic digestion and
biogas production in 25 days. The obtained data showed
that the appropriate ultrasonic time was 30 min with the
highest TOC removal efficiency and biogas generation.

Keywords: anaerobic digestion, biogas, pre-treatment,
sludge, ultrasonic.

Classification number: 2.7

dung siéu am 1én mot s6 thong sd didc trung ctia bun va anh
hudng cta chung trong qué trinh PHYK nhu: nng d6 téng
carbon hitu co (TOC), tong carbon hiru co hoa tan (S
chét rdn bay hoi (VS).

TOC)’

Thuc nghiém
Bun thdi

Bun str dung trong nghién ctru dugc iy tir bé chira bun
cta hé théng xir Iy nudc thai nganh ché bién thuy san tai
thanh ph Pa Ning. Pay duogc coi 1a loai bun hdn hop vi
dugc gom vé tir cong doan lang so cAp va thi cép cia cong
doan xu ly bun hoat tinh. Bun dugc phan tich cac chi ti€u
hoa 1y ban dau nhu d6 4m, pH, carbon tong s6 (TOC), carbon
téng s6 hoa tan (S;00)> hitu co quy d6i theo nhu cau oxy hoa
hoc (COD), COD hoa tan (S,,,), tong cht ran (TS), tong
chit rin bay hoi (VS) va tong nito (TN).
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Thiét b

Thiét bi siéu am duoc sir dung trong nghién ciru ¢6 tan
s6 37 kHz va cong suat 1500 W cua Hang Elmasonic S
300H, Nhat Ban. Thiét bi dung dé PHYK 1a loai thiét bi
thu nho theo moé hinh (AF-20, Nhat Ban). Thiét bi nay duoc
thiét ké dung dé nghién ctru cp quy md phong thi nghiém,
6 cu tao g@)m 2 binh PHYK dung tich 71, 2 thiét bi thu khi
(biogas), 2 may khuéy, bd nang nhiét, sensor cam bién nhiét
d6 trong budng PHYK thu khi va bé nang nhiét (hinh 1).
Ngoai ra, hé pilot con c6 panel diéu khién cho ca hé thong
va cac van léy mau kiém tra rat thuan tién.

Bé phan huy
Ky khi

Haé diéu khién hé théng:

Ong thu khi < 0
—_ nhiét d9, toc d6 khuay, pH,

biogas

|

Thiét bi thu
khi biogas

I

0

Hinh 1. M6 hinh thi nghiém PHYK tai phong thi nghiém.
Cha thich: TN: thi nghiém; BC: déi chiing

=

Phuwong phap thwe nghi¢m

Mot s6 thong sb cua bun duoc kiém tra nhu trinh bay tai
bang 1. Bun dugc dua vao binh thuy tinh va bé siéu am vai
cac thong sd: thé tich bun 5 1, thoi gian siéu am 0, 10, 20 va
30 phat (hinh 2). Sau mdi budc siéu 4m, cac thong s6 hoa Iy
ctia bun lai dwoc kiém tra dé danh gia hiéu qua.

Bang 1. Thong s6 héa ly thanh phan bun.

Théng sb Pon vi Gia tri

pH 6,9-7,5

D6 4m % 88-93

TS o/l 152-174,10
COD g/l 35-54,15
Scon g/l 2,8-3,44
TOC g/l 1,55-32
Stoc g/l 0,23-0,36
TN o/l 0,32-0,4
VS g/l 85,7-111,33

Sau khi két thuc cong doan si€u am bun dugc dua vao
hé PHYK AF-20 (hinh 1) dé danh gia ndng d6 TOC, S0
VS va luong biogas thay d6i theo thoi gian thi nghiém 1a 25
ngay. Nhiét do, tde do khuay, pH duogc thiét 1ap theo nhiét
d6 phong, 20 vong/phut va khong diéu chinh pH.

Biogas sinh ra dugc do hang ngay dua vao thang chia
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vach trén thiét bi chtra khi nhu mo phong tai hinh 1. Sy thay
d6i ham lugng TOC duoc theo dbi va danh gia trong thi
nghiém bang cach 1dy mau phan tich theo chu ky 5 ngay/lan
cho ca mau thuc nghiém va déi chimg.

Nudc vao
Bo diéu ' Bun Nudc ra
khién may | L
Bé&siéuam

Hinh 2. M hinh thuc nghiém TXL bang phudng phap siéu am.
Phwong phap phan tich va tinh todn

Cac mau phan tich trong nghién ctru dugc thuc hién theo
céc phuong phéap chuén cia Viét Nam va quéc té: pH (TCVN
6492:2001); d6 am (TCVN 1867-2001); COD va Scop
(SMEWW 5220C:2012); TOC va S_ . (TCVN 6634:2000);
TS (SMEWW 2540 D:2012); TN (TCVN 6624-2-2000) va
VS (SMEWW 2540E).

Trong nghién ctru sir dung mot sé cong thire dung dé
tinh toan nhu sau:

- Hiéu suat gia tang S S

TOC ( S-TOC):

STOCTN STOCO x 1000/
S TOCO

lasS,

TOCTN

ESs1oc=

Trong do, S ban
dau.

- Hiéu suit gia taing TOC (ES

o thuc nghiém; S_ | 1a S

TOCO TOC

TOC):

TOCx - TOC,

0,
TOC, x 100%

EStoc=

Trong do, TOC,
ban dau.

- Hi¢u suat gia tang VS (ES

la TOC thyc nghiém; TOC la TOC

VS) :

VSin- VS,

EVStoc = VS,

% 100%

Trong do, VS_ 1a VS thuc nghiém; VS 1a VS ban dau.
- Hiéu suét 10a1 boé TOC (E

TOC, - TOCty
TOC,

Phwong phdp xir ly sé li¢u

TOC)

ETOC = X 100%

Nhém tac gia sir dung phan mém Microsoft Excel dé xir
ly so liéu, két qua thuc nghiém déu dugc lay gia tri trung
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binh, do lap lai 3 lan va sai sb phan tich déu nam trong
ngudng cho phép.

Keét qua va thao luan

Anh hwéng ciia thoi gian siéu am dén néng dj tong
carbon hitu co

Sy thay d6i ndng d6 TOC trudc va sau siéu am & cac
muc thoi gian khac nhau da thu dugc két qua gan tuong
dong nhau (hinh 3).

1800 -

1600

1400 -
1200
1000
800 -
600 -
400 -
200
0 - T T T

Non-treatment Ultra 10 min Ultra 20 min Ultra 30 min
Thoi gian siéu am, phat

Nong d6 TOC, mg/I

Hinh 3. M&i quan hé gitia thoi gian siéu 4am va nong dé TOC.

Trong nghién ctru nay, 3 muc thoi gian 10, 20, 30 phut
dugc thiét 1ap cho mdi thi nghiém. Két qua thyc nghiém
cho thay, khi ting thoi gian siéu am thi ndng do TOC gan
nhu it thay doi. Lién hé v6i nghién ctru cia cac tac gia: C.
Bougrier, A. Battimelli, A. Tichm va C.P. Chu [13-16] cho
thay, murc tan so siéu am, thot gian siéu am déu co két qua
gidng nhau va sy thay doi nong do TOC ciing tuong tu.

Anh hwong cua thoi gian siéu dm dén nong do tong
carbon hitu co hoa tan

Két qua nghién ctru vé anh hudng cua thoi gian siéu 4m
dén ndng do tong carbon hitu co hoa tan dugc chi ra trong
hinh 4. Sy thay d6i thoi gian siéu &m dan dén thay doi nong
do S, . va clng co su tuong; dong V('?'l sy thgy df”n néng do
TOC nhu ¢ hinh 3. Tuy nhién, ¢ thoi gian siéu am muc 30

700

1l

Ultra 10 min Ultra 20 min Ultra 30 min
Thoi gian siéu am, phat

Néng d6 Syoc, mg/l
N w B w (o))
o S IS) o o
S] S) S S S]

=
o
[s]

Non-treatment

Hinh 4. M&i quan hé giiia thoi gian siéu &m va nong do S,



phut, thanh phan S, oc €a0 hon murc khong siéu am va siéu
am 10, 20 phut.

Hon 13% luo’r}g S, oc duoc tao ra thém so voi ban géu va
tuong ung v4i moc thoi gian siéu &m & 30 phut da bo sung
thém thanh phan d& phan hay cho cac vi sinh vat hoat dong
& cac cong doan sau. Nhiéu két qua nghién ctru ctia céc tac
gia [7-13] déu chimg minh, lugng S oc duge nang 1én sau
khi c6 tac dong cua qua trinh TXL.

Anh hwéng ciia thoi gian siéu Gm dén nong dé chit
rin bay hoi

Nong d6 VS trung binh c6 trong mau bun ban dau chi
nam trong khoang 11133 mg/l. Két qua ¢ hinh 5 cho thay,
luong VS tao ra thém sau khi siéu 4m cao nhét ciing chi nam
6 muc dudi 1% 6 thoi gian 10 phut.

15000

12000 -

9000
6000 -
3000 -
0 - T T

Ultra 10 min Ultra 20 min Ultra 30 min
Thoi gian siéu am, phat

Noéng do Vs, mg/l

Non-treatment

Hinh 5. Méi quan hé¢ giiia thoi gian siéu 4am va ndng d¢ VS.

Gidng nhu lugng TOC, VS ciing khong ¢ sy thay doi
nhiéu ddi véi tic dong clia song siéu am. Diu nay cho thay,
vé mit co hoc ddi véi luong chét ran bay hoi chi nam & muc
rat nho va gan nhu it thay d6i khi song siéu 4m géy ra.

Anh hwéng ciia thoi gian PHYK dén nong dj tong
carbon hitu co

Sau khi si€u &m xong, bun hitu co dugc dua vao PHYK
va theo ddi sy thay doi cua TOC trong 25 ngay thi nghiém.
Su thay d6i ndng d6 TOC trong hinh 6 cho thay, téc d6 phan
huy cac chit hitu co xay ra nhanh nhét & khoang thoi gian
tir ngay thtr 5 dén ngay thir 15.

Su thay doi tir 45-62% d6i v6i ca 3 mau cé sir dung siéu
am, trai lai véi mau déi ching tbc do chi dat 35%. Diéu nay
cho thay, tac dong cua TXL dén téc do phan hiy cac hop
chat hitu co trong giai doan phan huy ky khi 1a rit dang ké.
Vi thoi gian siéu 4m l4u, ham luong cac hop chét hitu co
hoa tan thudng 16n nén khi PHYK cac vi sinh vat da dé dang
tidu thu cac hop chat nay hon. Py chinh 14 1y do vi sao &
muc 30 phut si€u am, lugng TOC sau 25 ngay phan hiy 16n
hon so v&i 2 mirc siéu am 10 va 20 phat. Tham khao két qua
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Hinh 6. Méi quan hé gitia thoi gian PHYK va nong d¢ TOC.

T T 1

da cong bd ciia cac nghién ciru [14-18] cho thiy, hiéu suat
loai bé TOC trong nghién ctru nay cling nam trong gidi han
va d6i khi con kha quan hon.

Anh hwéng ciia thoi gian siéu Gm dén lwong biogas

Hiéu qua PHYK duoc trinh bay & phn trén di lam sang
t6 tac dong ctia song siéu 4m dén hiéu suét loai bo TOC. Tuy
nhién, két qua thé hién trén hinh 7 lai 1am rd nét hon & san
pham thu dugc trong qua trinh PHYK, day chinh 13 luong
khi biogas san sinh trong tirng ngay thi nghiém.

@spmmNon-
Treatment
«@=Ultra 10 min

st Ultra 20 min

Biogas, |/ngay

Thei gian thi nghiém, ngay

Hinh 7. Hiéu qua sinh khi biogas.

Téng lugng biogas cia mau dbi chimg thu dugc chi bing
50,5% d6i v6i mau siéu 4m 30 phit. Lién hé tir két qua duoc
trinh bay ¢ hinh 6 va 7 cho thay c6 su logic vé mat khoa hoc
rat chat ché, diéu nay thé hién khi hiéu suit loai bo TOC ciia
mau dbi chimg chi nim trong khoang 40% 1a cao nhat, hiéu
suit loai bd TOC ctia mau duge TXL béng siéu am cao hon,
do do lugng biogas thu dugc cling 1a 16n hon.

Két luan
va VS chi

Khi tang thoi gian siéu am, lugng TOC, S_ .

tang rat nho so voi mau doi chung.

Hiéu suét loai bo TOC 1én dén trén 60% trong 25 ngay
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theo doi thi nghiém ddi véi mau bun dugc siéu 4m 30 phiit.

Hiéu qua thu hoi khi biogas dat mirc cao nhét la ~7 1/1
bun/ngay, con lai mau doi ching thap hon & mic 4,8 1/1 bun/
ngay.
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cac Chuong trinh KH&CN Quéc gia (B6 KH&CN), Vién
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Tém tit:

Nghlen ctru nay danh gia cac yeu té anh hwéng dén kha nang hap phu NH," cia vat li¢u EBB cai tién (m-EBB) nhw
pH lidu lwgng va thoi gian hap phu. Vit liéu EBB cai tién dugce ché tao tir s ph01 tron nghiém ngat giira cac thanh
phan vit liéu than thién véi moi truedng, bao gom than hoat tinh, zeollte, keramzit, cat va xi mang voi ty 1é twong
1rng 1a 14, 22, 36, 14 va 14%. Két qua cho thiy, kha niing hip phu tdi da NH," 1a 18,72 mg/l, hi¢u qua hip phu tét
nhat tai pH=6 va dat can bang hap phu trong khoang tir 180 dén 240 phit.

Tir khéa: amoni, EBB cai tién, lieu lwong hip phu, pH, thoi gian hip phu.
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Abstract:

The objective of this work is to investigate the factors
affecting the adsorption capacity of modified Eco-Bio-
Block (m-EBB) such as pH, adsorbent dose and retention
time. The m-EBB was manufactured from the mixture of
various environment-friendly materials including active
carbon, zeolite, keramzit, sand and cement with the
proportion of 14, 22, 36, 14 and 14%, respectively. The
results showed that the maximum adsorption capacity of
NH," was 18.72 mg/1 at the appropriate pH of 6, and the
adsorption equilibrium ranged from 180 to 240 minutes.

Keywords: adsorbent dose, ammonium, m-EBB, pH,
retention time.
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Md dau

Amoni khong gay doc truc tiép cho con ngudi, tuy nhién
tac hai la trong qua trinh khai thac, st dung, nudc chua
amoni tlep xuc voi OXy, cung sy tham gia cua cac vi khuan,
s& khién amoni chuyén hoa thanh cac h0’p chét nitrit (NO,)
va nitrat (NO,’) 1a nhiing chat doc hai d6i véi stc khoe con
nguoi [1]. Chinh vi vay, viéc loai bod amoni trong nudc rat
quan trong. Trong cac phuong phap xir Iy amoni thi hap phu
1a mot trong nhitng phuong phap hiéu qua va don gian nhat
dang duoc 4p dung phd bién hién nay.

EBB cai tién (m-EBB) 1a vt liéu dugc nghién ctru, ché
tao va san xudt tai Vién Cong ngh¢ Méi truong - Vién Han
1am Khoa hoc va Cong ngh¢ Viét Nam. Day la vat li¢u dugc
tao ra tir két qua nghién ciru cia mot dé tai dwoc S¢ Khoa
hoc va Cong ngh¢ Ha N6i nghiém thu ndm 2016, dua vao
g dung cho nhiéu loai hinh xtr Iy nu6c nhu nude thai sinh
hoat, nudc thai ché bién sén, nude ri rac... EBB cai tién
duoc san xuét tir cac nguyén liéu san c6 nhu: than hoat tinh,
zeolit, keramzit, cat va xi mang voi ty 1¢ tuong tng 1a 14,
22,36, 14 va 14% [2].

Trong cac nghién ctru trudc day, Luong va cong su [3,
4] da xac dinh dugc hi¢u qua xu ly amoni st dung vat li€u
EBB cai tién véi cong ngh¢ AO dat 90% dbi voi nude ri rac
va 64,28% ddi v6i nudc hd Ha Noi. Vat ligu EBB cai tién
¢6 dung lugng hip phy amoni cyuc dai 1a 18,72 mg/g, vuot
troi so v6i cac vat liéu hap phu khac nhu: than xi 3,1 mg/g
[5]; than t& ong 5,0 mg/g [5]; than hoat tinh bién tinh bé“mg
HNO, 18 mg/g [6]; éng nano da tuong 9331 mg/g [7]. Tuy
nhién, trong qua trinh hap phu EBB cai tién chiu anh hudng
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clia mot s6 yéu td chinh, nhung céc tic gia van chua khao
sat dé t6i wu hoa hiéu sudt xir y. Vi thé, trong nghién ctru
nay, chiing t6i dwa ra két qua danh gid anh huong cua pH,
lidu lugng va tndi gjan tié’p xtc dén hiéu qua hip phu NH .
cua EBB cai tién nham t6i uu hoa hiéu qua ing dung két qua
néu trén trong thyc tién san xuit va doi séng.

Thuc nghiém
Héa chit va dung cu
Héa chat:

- Dung dich NH,Cl ¢ cac n6ng do 10, 16, 20, 25, 30, 45,
50 va 60 mg/1.

- Vat liéu EBB: 50 g/vién.

- Dung dich HCI1 0,1M.

- Dung dich NaOH 0,1M.

Dung cu thi nghiém:

- Binh thuy tinh 2 1.

- Gidy loc Advantec, Nhat Ban (16 rdng 15 pm).
- May khudy tir ARE (hang Velp - Y).

Thwc nghiém

Dung dich NH,CI duoc chné”in bi trong nu’(’yc cat bio
hoa khi Ar. Vat liéu EBB cdi tién trudce khi hap phy amoni
duge xur 1y bé mit trong bé siéu am khoang 15 phit. Qua
trinh hép phu dugc thuc hién vdi cac néng dd dung dich
ban dau, pH va luong chat hdp phu xac dinh, tiy theo thi
nghiém sé& str dung dung dich NaOH 0,1M va HC1 0,1M dé
diéu chinh pH. Cac mau dugc lic trén may lic rung toc do
120 vong/phut. Sau d6 ly tam dé loc 1y dung dich va phan
tich lugng amoni con lai. bé nghién ctru kha nang hép phu
amoni cua vat liéu, ta thuc hién day thi nghi¢m sau:

Anh hieong ciia pH dén kha ning hap phu amoni ciia vit
liéu: chnén bi 9 mau dung dich c6 n6ng d6 NH,CI 30 mg/l,
luwong hap phu 150 g/l. Gia tri pH cta cac mau thi nghiém
dugc chinh l1an luot 14 2, 3, 4, 5,6, 7,8, 9 va 10.

bong hoc hap phu amoni va anh hudng cta ndng do ban
dau dén hiéu qua hap phu cua vat liéu: dung dich NH Clco
ndng do ban dau 10, 30, 45 mg/l ham luong pha rin 150 g/l,
duy tri pH=6. Thoi gian lay mau lan luot 1a: 30, 60, 90, 120,
150, 180, 240, 360, 480 va 720 phut.

DPong hoc hap phu: dé nghién ciru dong hoc hap phu cua
ion NH," trén vat licu EBB cai tién, hai mo hinh dong hoc
duoc khao sat:

M0 hinh dong hoc biéu kién béc nhat:

In (ge - qt) = Inge - K .t (H
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Mo hinh dong hoc biéu kién bac hai:
t 1 t

—_ — —
qt K,.qe* qe 2)

Trong do, qe (mg/g) la luong NH," bi hép phu tai trang
thai can bang; qt (mg/g) la lugng NH,"bi hap phu tai thoi
diém t (phut); K, (1/phut) 1a hang s6 toc do bi¢u kién béc
nhit; K, (mg/g. phut'?) 1a hing sé toc do bicu kién bac hai.

Anh hwong ciia lwong chat hdp phu: dung dich NH ,Cl
¢6 ndng do ban dau 1a 30 mg/l, lugng chat hip phu dugc st
dung 1an luot 1a 50, 100, 150, 200, 250, 300, 350, 400, 450
va 500 g/1, tai pH=6. Thoi gian 1dy mau 1a sau 240 phut tiép
Xuc.

Déng nhiét hép phu amoni cua vat li€u: tién hanh thi
nghiém v&i didu kién ham lwong pha rén 1a 150 g/l, ndng
do NH,CI ban dau lan luot 1a 10, 16, 20, 25, 30, 45, 50 va
60 mg/l; pH duoc ki€ém soat tai gia tri bang 6; thoi gian ti€p
xuc la 240 phut.

Hing s cua phuong trinh dang nhiét hap phu Langmuir
duoc xac dinh theo cong thuc:
bC.

q=gqmax — - 3)
1+5.C;

Trong do, q la dung luong hap phu tai thoi diém dat can
ang (mg/g); q,, 1a dung lwong hap phu cuc dai (mg/g); C,
la nong do luc can bang (mg/l); b 1a hang sé dic trung cho
tuong tac ciia chat hap phu va chat bi hip phu. Phuong trinh
nay c6 thé chuyén thanh dang:
oL .t @
9 Do .G rax

bay la phuong trinh duong théng biéu thi su phu thude
tuyén tinh cua C/qvao C.

Xéc dinh ham heong amoni: ndng d6 amoni trong nudc
dugc xac dinh bing phuong phap so mau véi thude thu
Nessler. Trong méi truong kiém NH , tac dung voi thude
thir Nessler tao thanh phirc c6 mau tir vang dén nau, phu
thudc vao néng dd amoni trong dung dich.

Yéu td can tro: sat gy can tr¢ viéc xac dinh mau duoc
loai bo bang mudi xenhet complexon (IIT). Cac hop chat
hitu co, ancol, andehyt, amin béo va thom, cloramin xay
ra phan tng véi thude thir Nessler, nén khi c¢6 mit ching
trong nuéc phai chung ct dé tach amoni trude khi xac dinh.
Trong trudng hop nude duc phai xir Iy bang dung dich kém
sunfat 25%.

Céach xac dinh: 1dy 5 ml miu, thém twong tmg 0,2 ml
mudi xenhet va 0,5 ml dung dich Nessler. Dé yén trong 10
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phut, sau do tién hanh do hap phu quang & budc song 420
nm. Hiéu qua loai bo amoni dugc xac dinh theo cong thuc:

Co-Ce )
Co

R= x 100

Trong d6, R 1a hiéu qua loai bo (%); C_ 1a nong do6 chat
bi héap phu ban dau (mg/l); C,_la nong do chit bi hép phu tai
thoi diém ldy mau (mg/l).

Két qua va thao luan

Anh hwéng ciia pH t6i khd néing hdp phu amoni ciia
vt liéu

Két qua thue nghiém hap phu NH," bang vt liéu EBB
cai tién tai cac pH khac nhau duoc thé hlen trén hinh 1.

100 1~
89,658

87,193

90 -
80
70 A
60

50 A

Hiéu suét (%)

40
30
20 -
10 -

0

1 2 3 4 5 6 7 8 9 10 11
pH
Hinh 1. Anh huéng ctia pH dén hiéu qua loai bé amoni (ndng

do NH,*ban dau 30 mg/l, lugng chat hap phu 150 g/I, thoi gian
tiép xic 240 phiit).

Két qua thé hién trén do thi cho thay, hiéu qua hip phu
amoni trén vat liéu phu thudc nhiéu vao gia tri pH. Diéu nay
la do pH dung dich xac dinh thanh phan héa hoc, ciing nhu
cac dang ton tai ctia ion NH," déng thoi pH con anh hudng
dén dién tich bé mat cua chat hép phu. Cac két qua thu duoc
cho thay, viéc loai bo NH," dugc chia lam 3 giai doan. Giai
doan 1, kha ning hap phu tor 49,044% tai pH=2 tang 1én
80,062% tai pH=6; giai doan 2 khi pH ting tir 6 dén 7 kha
ning hap phu amoni giam (tir 80,062 xudng 74,356%); giai
doan 3, tr pH 7 tr¢ 1€n kha néng loai bo ion NH," tang vot
dat 89,7% tai pH—lO Hiéu qua loai bo tdi da NH trong
khoang pH>8 14 t6t nhét, didu nay duogc 1y giai do co ché
chuyén dich tir ion NH," tao thanh khi NH, va bay ra khoi
dung dich, lam cho ham luong ion NH,* glam xudng r6 rét.
Tir két qua nay, lua chon pH 6 1a gia tr1 t6i wu dé tién hanh
cac nghién ctru tiép theo.

Cin bing hép phu va dnh hwéng ciia nong dé ban diu
ciia amoni den hiéu qud hap phu

Su phu thudc ciia hiéu qua hép phu theo thoi gian cia
3 mau dung dich c6 nong d6 NH , ban dau khéac nhau dugc
dua ra trén hinh 2.
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100 +

Hiéu sudt (%)

800

Thei gian (phut)

—e—10mg/l —8—30 mg/| ——50 mg/l

Hinh 2. Can béng hap phu amoni clia vat liéu EBB.

C6 thé nhan thdy, thoi gian dat can bang hap phu (tai
pH=6 v&i 150 g/l chat hip phu) véi ca ba dung dich tuong
tu nhu nhau (trong khoang 180 dén 240 phut). Khi thoi gian
tiép xuc 1a 2 phat, ndng d6 NH,* ban dau la 10, 30, 50 mg/1,
tai pH=6, hi¢u qua loai bo NH," dat twong ung 1a 77,25,
77,63 va 76,67%.

Thoi gian dat can bang ngan 1a rat loi thé khi Gmg dung
vao thyc té, vi s& giam thoi gian tiép xtc, ddn dén giam gia
thanh dau tu cho cong trinh xir 1y. Trong thoi gian 30 phut
dau, thi nghiém thyc hién & ndng d6 30 mg/l dat hiéu qua
16n nhat, véi 59,83% NH," duoc hap phu.

Anh hwong ciia lwong chit hd'p phu

Hinh 3 1a két qua hip phu véi dung dich NH,"c6 ndng do
ban dau 30 mg/l, ham lugng pha rin lan luot 1a 50 100, 150,
200, 250, 300, 350, 400, 450 va 500 g/1, tai pH=6, nong do
NH," ban dau 1a 30 mg/l. Xem xét cac két qua ta thay, hiéu
qua hap phu ting tir 42,9% dén 77,9% khi ham lwong chat
hép phu ting tir 50 den 500 g/1. Pac biét, v6i lugng chit hap
phu 150 g/l, hi¢u suét loai amoni d3 dat 73,3%.

100 -
90 -
80 - 73,3
70
60 -
50 4 42,9
40
30
20
10 -

0

73,5 753 76,8 76,9 77,3 77,7 77,9

Hi¢u qua (%)

50 100 150 200 250 300 350 400 450 500

Ham lugng rén (mg/l)

Hinh 3. Anh hudng cia lugng chat hap phu dén hiéu qua loai bé
amoni, tai pH=6, thoi gian tiép xic 240 phit.

n
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Dong hoc hd'p phu amoni cia vit liéu EBB

0 50 100 150 1800 4
-3 T T T 1600 4

y = 6,8292x + 245,44 4
1400 + R?=0,9909
1200

1000 4

t/qt

y =-0,0127x-( 3,2875)

R?=0,9736 800

In(qe-qt)

600
400
200

N 0 . . .
t (phat) 0 50 y ;qo) 150 200
phi]

Hinh 4. Puong biéu dién dong Hinh 5. Duong biéu dién dong
hoc biéu kién bac nhat. hoc biéu kién bac hai.

Théng ké hoa cac s6 liéu thyc nghiém véi mé hinh dong
hoc biéu kién bac nhat va mo hinh dong hoc biéu kién béac
hai ¢6 hé s6 trong quan lan luot 13 0,9736 (hinh 4) va 0,9909
(hinh 5). C6 thé khing dinh, s6 liéu thuc nghiém phu hop
v61 mo hinh dong hoc bac 2.

Ding nhi¢t hip phu amoni ciia vit ligu EBB
Céc sb liéu thue nghiém xac dinh déng nhiét hép phu
dugc dua ra trong bang 1.

Bang 1. S li¢u thuc nghiém dang nhi¢t hap phu amoni clia vat
liéu.

NH,*, ndng d¢ chit rin 150 g/l

STT (Cnolg/l)
C(mgl)  q(mg/e) C/q (V)

1 10,00 2,28 0,052 44,175
2 16,00 3,61 0,082 44,024
3 20,00 4,58 0,103 44,603
4 25,00 5,73 0,128 44,643
5 30,00 6,92 0,154 44,932
6 40,00 9,30 0,205 45,440
7 50,00 11,75 0,255 46,078

Tir céc s6 liéu trong bang 1 (voi lugng chét hap phuy la
150 g/1, tai pH=6) c6 thé thay ring, phuong trinh déng nhiét
hap phu Langmuir (phuong trinh 3) mé ta twong d6i chinh
xéc kha nang hip phu amoni trén vét liéu EBB cii tién (hinh
6). Diéu nay thé hién qua hé sb twong quan R? ciia phuong
trinh hdi quy, trong khoang ndng d6 NH " thdp (nho hon 50
mg/l) va & pH=6, amoni duoc hip phu don 16p trén bé mat
vt lidu. Tir duong hap phu dang nhiét, dung luong hap phu
cuc dai xac dinh dugc 1a 18,72 mg/g vat lidu.
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v = 0,0603x + 43,271
R%=0,9257

g (i)

43,5 T T T T T T T T T T T 1
(o] 5 10 15 20 25 30 35 40 45 50 55 60
Co (mg/l)

Hinh 6. Dang nhi¢t hap phy Langmuir NH,* clia vat li¢u, tai
pH=6.

Két luan

Tir cac két qua nghién ctru néu trén co thé rat ra mot sd
ket ludn sau:

- Kha nang hép phu NH," cta vat li¢u EBB ci tién phu
thudc rat nhidu vao do pH ctia dung dich, hiéu qua hap phu

t6i wru nhét tai pH=6, khi giam pH hiéu qua hp phu giam
nhanh.

- Vat liéu EBB cai tién hap phu NH,"véi tdc do rat nhanh
va dat can bang hip phuy trong khoang 180-240 phut.

- Qua trinh hap phu NH,* pht hop véi mé hinh dong hoc
biéu kién béc 2 véi hé sb tuong quan R?=0,9909.

- Phuong trinh ding nhiét hap phu Langmuir mo ta
twong doi chinh xdc sy hap phu NH," trén vat ligu, gia tri
dung luong hip phu NH," cyc dai la 18,72 mg/g.
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QUY DINH VE BAI VIET DANG TAI TREN TAP CHi

Yéu cdu chung

Bai viét gUii dang trén Tap chi phai 1a bai viét nguyén thuy (chua dudc cong bd trude do). Tac gia
khong dudc gui dang bai viét trén cac tap chi khac cho dén khi cé quyét dinh xét duyét clia Ban Bién
tap.

Bai bao dai khong qua 10 trang (bao gdm ca bang biéu, ghi chu, tai liéu tham khao va phu Iuc) font
chi: Times New Roman; ¢G chii 13; khé glay A4, € trén 2 cm, |€ dudi 2 cm, € trai 3 cm, |€ phai 2 cm.

Bai viét glii vé Toa soan dudi dang file mém va ban in; cé thé guii truc ti€p dén Tap chi (Phong 507,
s6 113 Tran Duy Hung, Cau Gidy, Ha Néi) hoac qua hom thu dién t0, dia chi: khcnvn@most.gov.vn.

Tén bai bao

- Tén bai bao dudc viét bang tiéng Viét va tiéng Anh, trén trang dau cla bai bao, khéng gach chan hay
viét nghiéng.

- Tén bai bao phai ngan gon, rd rang va phu hgp véi ndi dung bai bao.

- Phia dudi tén bai bao 1a tén tac gia khong viét chiic danh va hoc ham, hoc vi. NEu cé nhiéu tac gia lam
viéc G cac co quan khac nhau thi tén téc gia dugc danh s (2-) & phia trén. D&u hoa thi (') chi tac gia lién
hé, dugc viét & cudi trang dau tién clia bai bao.

Tom tit

Tom tat bang tiéng Viét va tiéng Anh. Néu dugc muc dich, phudng phap nghién ctiu chinh, két qua
nghién ctu va két luan chi yéu. Tl khoa bang ca tiéng Viét va tiéng Anh theo thi ty alphabet. Chi s6
phan loai (theo hudng dan).

Dan nhap/datvan dé
Dinh nghia van dé; tém Iugc van dé nghién cliu da dugc céng bé trong va ngoai nudc, néu muc tiéu

nghién cuu \/é giai thich sy Iua\chon dé tai va muc tiéu nghién ctu dé thay dudc tinh thdi sy, tinh khoa
hoc va su can thiét clia van dé nghién cuu.

Ddi tugng va phuong phap

Déi tugng nghién ctu can trinh bay tiéu chuén Iya chon, déc diém d6i tugng nghién cuu.

Phuong phap nghién cuiu can néu rd cach tiép can nghlen cuu, loai hinh nghién cuu, phuong phap
do ludng, cong thic tinh ¢d mau, phuong phéap xG ly s6 liéu, mé ta ky cac ky thuat tién hanh trong
nghién clu; cac quan diém, lap luan, y kién tranh luan, cac dan ching...

Két qua

Trinh bay day dd, khach quan cac két qua thu dudc sau nghién ctu, cac két qua nay phai phuc vu
cho muc tiéu nghién ctu. Cac s6 liéu phai chinh xac va khép véi nhau. )

Phan ké&t qua nghién ctiu chi trinh bay cac két qua nghién ctiu cla dé tai, khdng giai thich, so sanh
va ban luan.
Ban lugn

ChU yé&u ban luan céc van dé lién quan dén muc tiéu dé tai.

Nhan xet, danh gia mot cach khach quan cac két qua nghién clu, c6 so sanh véi cac tac gia khac
dé khang dinh ho&c phl dinh nhiing hiéu biét da c6, qua dé néu dugc nhiing diém mdéi va déng gép

cla dé tai.
Dy bédo hudng nghién ciu tiép va kha nang tng dung céc két qua nghién cliu vao thuc tién.

Kétluan

Néu két qua nghién ctiu chli yéu clia dé tai c6 tinh khai quat lién quan dén muyc tiéu nghién clu, dé
xuat cac van dé tiép tuc nghién cuu.
Chi thich va tai liéu tham khdo
Chu thich dugc danh s6 theo thy tu xudt hién (2 ) va dugc trinh bay ngay & cudi trang viét (footnote).
Céc tai lieu tham khao dugc danh s6 theo thi tu xuat hién dé chi dan chung dugc trich dan & géu trong
bai bao. S6 thi ty dugc danh trong ngoac vudng, vi du: [3] véi 1 hodc [2, 5, 7-9] v6i nhiéu s6 chi dan.
| Téc gia (N&m xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap (s6), pp<trang dau-trang cu6i>|
Téc gid: la tac gid/cac tac gia cla tai liéu dugc tham khao, trich d~§n.
N&m xuat ban: ndm xuét ban cla tai liéu dugc tham khdo, trich dan.
Tén tai liéu dugc trich dan: 1a tén bai bao, chuang/phan sach.. B
Tén ngudn cé thé 1a tén tap chi, tén séach, hay tén tai liéu géc cla tai liéu dugc trich dan (phan nay dudc
in nghiéng).
Tap (s6): danh cho nguén trich 1a tap chi, sach hodc cac xuat ban phdm khéc (phan nay in dam).
Trang dau-trang cudi la s6 thii ty cac trang phan anh ndi cu tri cla tai liéu dugc trich dan trong tai liéu
nguoén.
Chu y: néu co 2 2 tai liéu tham khado do cling 1 tac gia/nhom tac gia, cung nam cong b, thi céc tai liéu
tham khao nay can dudc danh d&u a, b.. sau nam xuét ban (vi du: 1986a).
_ Né&u c6 mét s tai liéu tham khéo trong cuing 1 bai bao dugc trich dan c6 s6 trang khac nhau thi cén trich
dan thém sd trang, vi du: Kitchen (1982, p 39).

Cac yéu cau khac

- Bai viét knong dat yéu cau, Toa soan khong tré lai ban thao.

- Bai viét chi dudc dang khi phan bién nhan xét vé chét Iugng bai bdo dong y cho dang.

- Ban quyén: tac gid dong y trao ban quyén bai viét (bao gdm ca phan tom tat) cho Ban Bién tap
Tap chi.

PHAN LOAI LINH VUC KHOA HOC

AAAAAAAAA
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2.1.

1.Khoa hoc tu nhién
Toan hoc va théng ké
Khoa hoc may tinh va théng tin
vatly
Héa hoc
Khoa hoc trai dat va méi trudng
Khoa hoc sy song
Khoa hoc nano
Khoa hoc tinh todn
Cac linh vuc khéac cta khoa hoc tu
nhién

2. Khoa hoc ki thuat va cong nghé
Ky thuat dan dung: ky thuat kién
tric; ky thuat xay dung; ky thuat
két cdu va do thi; ky thuat giao
théng van tai; ky thuat thuy Igi; ky
thuat dia chat céng trinh
Ky thuat dién, ky thuat dién ta, ky
thuat thong tin
K§ thuat ca khi, ché tao may
Ky thuat hoa hoc
Ky thuat vat liéu va luyén kim
Ky thuét y hoc
Ky thuat méi trudng

. Cdng nghé sinh hoc cdng nghiép

. Cong nghé nano
. Ky thuat thuc phdm va dé udng

. Céc Iinh vuc khac cua khoa hoc
ky thuat va cong nghé

3.Khoa hoc y - duge

. Y hoc cd s6
.Y hoc lam sang
.Y hoc du phong

Dugc hoc

. Céc linh vuc khac ctia Y - dugc hoc

4. Khoa hoc nong nghiép

. Tréng trot
. Chan nuoi
. Thay

Lam nghiép

. Thly san
. €bng nghé sinh hoc trong néng

nghiép, thly sén
Céc linh vuc khac ctia khoa hoc
ndng nghiép

. Tam ly hoc

Kinh té€ va kinh doanh
Khoa hoc gido duc

. Xahdi hoc

Phap luat
Khoa hoc chinh tri

. Dia ly kinh t€ va xa hdi
. Théng tin dai chiing va truyén thong

Lich st va khao ¢ hoc
Ngén ng( hoc va van hoc

. Triét hoc, dao dtic va tén gido

. Nghién ctiu vé khu vuc va quéc té

. C4c linh vuc khéac cla khoa hoc xa
hoéi va nhan van
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Téng quan vé xir ly axit perflooctanoic (PFOA) va mudi peflooctansunfonat
(PFOS) biing séng siéu 4m.
Phan Thi Lan Anh, D3 Hiru Tuin

Téng hop hidu qua va tinh chit quang ciia mdt sé salophen ding lam
chemosensor quang trong phan tich ion kim loai chuyén tiép.
Nguyén Quang Trung, Pham Thj Phuong Nam, Vii Ditc Loi, Nguyén Vin Tuyén

Déng gop vao viéc phat trién quy trinh phan tich pentaclophenol trong miu
thirc &in chiin nudi bing sic ky long ghép ndi khéi phd hai lin (LC-MS/MS).
Nguyén Thi Quynh, Nguyén Thay Ngoc, Pham Hing Viét

Nghién ctru qua trinh phén hity ky khi chit thai chin nudi lgn va ric hiru co
trong sinh hoat néng thon dé sinh khi métan va phan hiru co.

D6 Quang Trung, Poan Vin Hudng, Bui Duy Cam, Nguyén Thi Nham, Nguyén
Quang Minh, Chu Xuan Quang

Panh gia ddc tinh cia thube trir shu endosulfan dén sinh trwémg cia
Daphnia magna.
Nguy8n Xuan Tong, Trin Thj Thu Hyong

Mbi lién quan giira ham lwong asen va mét s6 thanh phin héa hoc thé hién
tinh khir trong nwéc ngim tai khu vie ven song Hong, Ha Noi.

Vil Thi Duyén, Pham Thi Kim Trang, Tran Thi Mai, Pao Viét Nga, Vi Mai Lan,
Benjamin Bostick

Xdy dung phwong phéap dién di mao quan xac dinh ham lwgng cac amino
axit tir do chinh trong san phim sita ong chua.

Vii Minh Tuén, Ng6 Thi Ngn, Nguy&n Manh Huy, Nguy&n Thanh Dam, Duong
Hong Anh

Nghién ciru x4c dinh chon loc dién héa axit uric trén dién cwe bién tinh nano
compozit rGO/PDA-Cu/CuNPs.
Bui Thi Phwong Thao, Duong Thu Ha, D3 Phiic Quén, Tran Pai Lom

Phat trién quy trinh phan tich phenol trong nwéc bang phwong phap dién di
mao quén sit dung detector UV/Vis tw ché tao.
Nguy&n Manh Huy, Nguy&n Thanh Dam, Duong Hong Anh, Pham Hiing Viét

Hién trang cong nghé xir Ij nwée thii theo hwéng phat trién bén viing.
Cao Thé Ha, Vii Ngoc Duy, Nguyén Thi An Hing, Nguyén Trudng Quén, Cao
Thé Anh, Trin Manh Hai, K. Fukushi, H. Katayama

Nghién ciru ché tao thiét bi dwa trén nguyén 1y do 4p suit dé theo doi lién tuc
BOD trong thoi gian dai nhim xéc dinh dic tinh nwée thai.

Truong Thj Trang, D5 Anh Tuin, Nguy&n Thanh Dam, Pham Hing Viét

Ung dung séng siéu 4m tn s6 thip dé tién xir Iy bun hitu co.

Lé& Minh Tuén, B3 Vin Manh

Xic dinh hiéu qua hip phu amoni ciia vét liéu EBB cai tién.

Hoang Luong, Trinh Vin Tuyén, Nguy&n Tuén Minh, Ting Thi Chinh, Ding
Thanh Ta, Nguyén Thj Diém, Ng6 Pat Trung
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Degradation of perfluorooctane sulfonate (PFOS) and perfluorooctanoic
acid (PFOA) by ultrasonic processes.
Thi Lan Anh Phan, Huu Tuan Do

Efficient synthesis and photophysical properties of some salophens to
produce optical chemosensors for the analysis transition metal ions.
Quang Trung Nguyen, Thi Phuong Nam Pham, Duc Loi Vu, Van Tuyen
Nguyen

Contribution to the development of analysis methods of
pentachlorophenol in animal feeding stuffs by liquid chromatography
hyphenated with tandem mass spectrometry (LC-MS/MS).

Thi Quynh Nguyen, Thuy Ngoc Nguyen, Hung Viet Pham

A research into anaerobic digestion of pig farming waste and household
organic waste in rural areas to produce methane and organic fertilizer.
Quang Trung Do, Van Huong Doan, Duy Cam Bui, Thi Nham Nguyen, Quang
Minh Nguyen, Xuan Quang Chu

The impact of endosulfan pesticide toxicity on the growth of Daphnia
magna.
Xuan Tong Nguyen, Thi Thu Huong Tran

The relation between arsenic content and reductive chemical compounds
in groundwater at the Red River banks in Hanoi area.

Thi Duyen Vu, Thi Kim Trang Pham, Thi Mai Tran, Viet Nga Dao, Mai Lan
Vi, Benjamin Bostick

Development of capillary electrophoresis method to determine the
content of major free amino acids in commercial royal jelly products.
Minh Tuan Vu, Thi Ngan Ngo, Manh Huy Nguyen, Thanh Dam Nguyen,
Hong Anh Duong

Electrochemical determination of uric acid on rGO/PDA-Cu/CuNPs
nanocomposite modified electrodes.
Thi Phuong Thao Bui, Thu Ha Duong, Phuc Quan Do, Dai Lam Tran

Method development for the analysis of phenol in water by capillary
electrophoresis using a home-made UV/Vis detector.
Manh Huy Nguyen, Thanh Dam Nguyen, Hong Anh Duong, Hung Viet Pham

Current status of in wastewater treatment technology toward sustainable
development.

The Ha Cao, Ngoc Duy Vu, Thi An Hang Nguyen, Truong Quan Nguyen, The
Anh Cao, Manh Hai Tran, K. Fukushi, H. Katayama

Development of the manometric principle based device for wastewater
characterization through continuous monitoring of BOD in a long term.
Thi Trang Truong, Anh Tuan Do, Thanh Dam Nguyen, Hung Viet Pham

Application of weak ultrasonic pre-treatment for organic sludge.
Minh Tuan Le, Van Manh Do

Study on the adsorption of ammonium using modified EBB material.
Luong Hoang, Van Tuyen Trinh, Tuan Minh Nguyen, Thi Chinh Tang, Thanh
Tu Dang, Thi Diem Nguyen, Dat Trung Ngo
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