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TRUONG DAl HQC PA LAT

THONG TIN KET QUA NGHIEN CUU CUA PE TAI

1. Thong tin chung:

- Tén dé tai: Nghién ctru kha ning hip phu xanh metylen va metyl da cam trong nuéc
bang vat liéu 14 thdng ba 14 Pinus Kesiya c6 xir i nhiét.

- Sinh vién thuc hién: Nguyén Phi H6

- Lép: HHK42SP Khoa: St Pham Nimtht: 2 S6 nim dao tao: 4

- Nguoi huéng dan: ThS. Huynh Phuong Thao

2. Muc tiéu dé tai:

Pénh gia kha nang hap phu xanh metylen va metyl da cam trong nudc bang vat liéu 14
théng Pinus Kesiya da qua xu li nhiét.

3. Tinh mei va sang tao:

Viéc nghién cau loai bo thuéc nhudém metyl da cam trong nudc bang cac vat ligu co
ngudn goc sinh hoc 1a mat trong nhitng hudng nghién ctu mai.

Pa nghién ciu xir Iy 14 thong kho tai Pa Lat thanh vat liéu hap phu xanh metylen va
metyl da cam trong nuéc va khao séat cac yéu to anh huong dén qué trinh hap phu caa
vat liéu.

4. Két qua nghién ciru:

v Pi ché tao duoc vat liéu hap phu tir 14 théng ba 14 thu tai Da Lat (vat lidu co xu
ly nhiét). Xac dinh duoc diém dang dién caa vt liu pH,;c la khoang 7,5.

v Pi khao sat va tim duoc cac diéu kién t6i uu dé hap phu xanh metylen va metyl
da cam trong nuéc cua vat liéu nhu sau: pH=8 d6i véi vat liéu xanh metylen va pH=6
d6i voi metyl da cam, thoi gian dat can bang hap phu la 150 phit.

v Qua trinh hap phu xanh metylen va metyl da cam 1én vat liéu tuan theo dong hoc
biéu kién bac hai; hé s trong quan cao (R? > 0,99).

v Xay dung dudng dang nhiét hap phu cua vat liéu ddi véi xanh metylen va metyl
da cam theo mé hinh Langmuir va Freundlich. Tir phuong trinh dang nhiét hap phu
Langmuir dang tuyén tinh, xac dinh dung lugng hap phu cuc dai ciia xanh metylen va
metyl da cam lan Iuot 1a 140,85 mg/g va 136,99 mg/g.

5. Péng gép vé mit kinh té - x4 hdi, gido duc va dao tao, an ninh, quéc phong va
kha niing ap dung cia dé tai:

Nghién ciru nay rat co ¥ nghia thuc té trong viéc sir dung la théng kho, rat sin
c6 ¢ Pa Lat thanh mot vat liéu c6 kha niang hap phu xanh metylen va metyl da cam
trong nudc. Qui trinh xur 1i don gian phu hgp vai cac phong thi nghiém dia phuong,
tiét kiém duoc chi phi trong qué trinh xir 1y.

Ngay 18 thang 06 nidm 2020
Sinh vién chiu trach nhiém chinh
thuc hién dé tai
(ky, ho va tén)

Nguyén Phi H6



Nhan xét ciia ngwdi hwéng din vé nhirng déng gép khoa hoc cia sinh vién
thuc hién dé tai:

Nhom sinh vién thuc hién dé tai da chu dong doc tai liéu, dé ra phuong phap
nghién cuu, thuc nghiém tai phong thi nghiém.

Sau khi tién hanh thuc nghiém thu duoc két qua, nhoém sinh vién biét bién luan
va giai thich két qua nghién ctru va viét bao cdo kha hoan chinh, dap tmg duoc yéu cau
cua dé tai nghién ciru khoa hoc danh cho sinh vién.

Ngay 18 thang 06 nam 2020
X&c nhan cia trwong dai hoc Ngwoi hwéng dan
(ky tén va déng dau) (ky, ho va tén)

Huynh Phuong Thao



TRUONG DAl HQC PA LAT

THONG TIN VE SINH VIEN
CHIU TRACH NHIEM CHINH THU'C HIEN PE TAI
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Ngay 18 thang 06 nam 2020
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(ky, ho va tén)

Nguyén Phi H6
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MO DAU

Trong diéu kién nén kinh té thi truong dang hoi nhap, mét trong nhitng nganh
cdng nghiép trong diém, chiém vi tri quan trong trong nén kinh té quéc dan, déng gop
vao ngan sach nha nudc va giai quyét duoc van dé lao dong viéc 1am — d6 chinh 1a
nganh cong nghiép dét nhuoém. Tai Viét Nam, nganh cong nghiép dét nhuoém dang
ngay cang phat trién manh mé do sy dau tu trong va ngoai nudc. Tuy nhién, hé théng
xir 1i nuée thai chi duoc xay dung ¢ cac nha may 16n, con lai hiu nhu van chua c6 hé
théng xtr I va van con tinh trang thai truc tiép ra méi truong bén ngoai. Loai nudc thai
dét nhuom c6 dd kiém hodc do axit cao, mau dam, co nhiéu chit hitu co va vo co s&
gay anh hudng dén sic khoe ciia cong dong va quan thé tham chi 1a quan xa sinh vat.
Hon nita, thuéc nhudom trong nudc thai rat khé dé loai bo bai ching on dinh véi anh

sang, nhiét va tac nhan gay oxi hoa.

Trén thyc t& da co rat nhiéu cong trinh nghién ciru cac phuong phap dé xur li
thudc nhudém trong nude thai, chang han: phuong phap hap phu, phuong phap keo tu,
phuong phap trao doi ion v.v...Trong nhitng phuong phap ké trén, phuong phap c6
nhiéu vu diém ndi bat cd 18 1a phuong phap hap phu boi dé thyc hién, thao tac don
gian, vat liu hap phu da dang, mang lai hiéu qua cao va it tbn kém vé mit kinh té so
v6i nhitng phuong phap khac. Viéc nghién ctu loai bo thudc nhuém metyl da cam
trong nudc bang cac vat lieu c6 nguon gdc sinh hoc 1a mét trong nhitng hudng nghién
ctru méi. Mot sé vat lidu gia thanh thap da duoc tién hanh nghién ctu & nhiéu qudc gia
nham xir Iy thuéc nhudém xanh metylen va metyl da cam trong nudc thai dd mang lai
hiéu qua rat tét. Dua trén nhimg hudng nghién ciru d6 va dia thé thuan loi & Pa Lat,
ching em chon 14 thdng ba Ia 1am vat liéu hip phu dé tién hanh cho viéc nghién ctu.
M3t khac, viéc nghién cau va sir dung vat liéu 1a théng ba 14 @& hap phu thudc nhuém
trong nudc ¢ Viét Nam con rat it duoc quan tim. Do dé, dé tai dugc xay dung theo
huéng: « Nghién cieu khd ndang hdp phu xanh metylen va metyl da cam trong nwéc

bang vat ligu 14 thong ba 14 Pinus Kesiya c6 x# Ii nhigr .



MUC TIEU CUA PE TAI

Pénh gia kha ning hap phy xanh metylen va metyl da cam trong nudc bang vat

lieu 1a théng Pinus Kesiya di qua xu |i nhiét duoc thu thap tai thanh phé Da Lat, tinh

Lam Pong.

Sau:

Dé hoan thanh muc tiéu nghién ctu trén, ching em di nghién ciru céc noi dung

. Thu thap 1a thong khd Pinus Kesiya trén dia ban thanh phé Pa Lat, tinh Lam

bong va xu ly 14 thong kho thanh vat liéu hap phu xanh metylen va metyl da cam

trong nudc. Khao sat mot sb dic tinh cua vat liéu.

. Khao sét sy anh huang cua pH dén kha nang hap phu cua vat liéu.
. Khao sét sy anh huang cua thoi gian d¢én kha nang hap phu cua vat liéu.
. Khao sét sy anh huang cua nong do dén kha nang hap phu cua vat liéu.

. Nghién cau dong hoc cua qué trinh. Xay dung duong hip phu ding nhiét va xac

dinh dung lwong hap phu cuc dai cua vat liéu.



CHUONG 1-TONG QUAN TAI LIEU

1.1. So' lwgc vé thudc nhugm

Thudc nhuém 1a nhitng chat hitu co c6 mau, hap thu manh mét phan nhat dinh
cua quang phd anh sang nhin thay va c6 kha ning gan két vao vat liéu dét trong nhing
diéu kién quy dinh (tinh gdn mau). Thudc nhudm cé thé c6 ngudn gbce thién nhién hoic
t6ng hop. Hién nay con ngudi hau nhu chi st dung thudc nhuoém tong hop. Pac diém
ndi bat cua cac loai thudc nhuom 1a d6 bén mau va tinh chat khéng bi phan hay. Mau
sac cua thuéc nhudm co duogc 1a do cau tric hoa hoc: mot cach chung nhat, cau tric
thudc nhuém bao gdm nhém mang mau va nhém tro mau. Nhém mang mau 1 nhiing
nhoém c6 chira cac ndi d6i lién hop vai hé dién tir © khong ¢b dinh nhu: >C=C< , >C=
N-, -N=N-, -NO, ... Nhém tro mau la nhitng nhém thé cho hoic nhan dién tir nhu: -
NH, , - COOH , - SO;H , -OH ... déng vai tro ting cuong mau bang cach dich chuyén

nang lugng caa hé dién tur [7].
1.1.1. Khai quéat vé mét sé logi thusc nhugm

Ngay nay, thuéc nhuém dang hitu co mang mau rat phd bién trén thi truong hon
dang phuc kim loai, bai vi nuge thai sau khi nhuém chira ham lwong 1én cac kim loai
nang gay & nhiém méi truong nghiém trong. TUy vao cau tao hoa hoc, hda tinh va
pham vi tiéu ding caa céc loai thuéc nhudm ma ngudi ta chia thanh nhiéu nhém khéc
nhau. O nudc ta hién nay, thudc nhuém thuong pham van chua dugc san xuat, tat ca

cac loai thudc nhuém déu phai nhap cua cac hang san xuat thudc nhudm trén thé gioi.
C6 hai cach dé phan loai thudc nhuom:

- Dya vao ciu tao hda hoc: thudc nhuém trong ciu tric hod hoc c6 nhém azo,

nhom antraquinon, nhém nitro ...

- Dua vao I6p k§ thuat hay pham vi sir dung: uu diém ciaia phan loai nay Ia thuan
tién cho viéc tra ctru va sir dung, ngudi ta dd xay dung tir dién thuéc nhuém. Tur dién
thudc nhuém duoc sir dung rong réi trén thé gioi, trong d6 mdi loai thuéc nhuom cé
chung tinh chét k§ thuat duoc xép trong cung 16p nhu: nhom thudc truc tiép, thudc
axit, thudc hoat tinh ... Trong mdi 16p lai xép theo thir ty gam mau lan luot tir vang da

cam, do, tim, xanh lam, xanh luc, nau va den.



Sau ddy 1a mot s6 nhom thudc nhudém thuong dung & Viét Nam.

> Thuéc nhudm truec tiép

Thudc nhudm truc tiép hay con goi I1a thuéc nhudm tu bat mau 1a nhitng hop chat
mau hoa tan trong nuéc, ¢d kha ning tu bat mau vao mot sé vat liéu nhu: cac to
xenlulozo, gidy... nhd cac luc hap phu trong méi truong trung tinh hoic moéi truong
kiém. Tuy nhién, khi nhuém mau dam thi thuéc nhuém tryc tiép khdng con hiéu suat
bt mau cao, hon nira trong thanh phan c6 chta gbc azo (-N=N-), day 1a loai hop chat
hop chat hitu co doc hai nén hién nay loai thuc nay khong con dugc khuyén khich st
dung nhiéu. Mic du vay, do thudc nhuém truc tiép dé st dung va ré nén van duoc da
s6 cac co s nho Ié cac lang nghé truyén thdng sir dung dé nhudém céc loai vai, soi dé

bt mau nhu to, lya, cotton...

» Thuéc nhuém axit

Theo céau tao hoa hoc thudc nhuom axit déu thuoc nhdm azo, mét sé 1a dan xuét
ctia antraquinon, triarylmetan, xanten, azin va quinophtalic, mot sb c6 thé tao phic V6i
kim loai. Céac thudc nhuom loai nay thuong s dung dé nhudom truc tiép céc loai soi
dong vat tic 13 cac nhom xo soi ¢o tinh bazo nhu len, to tam, sgi tong hop polyamit

trong moi truong axit.

» Thudc nhuém hoat tinh

Thudc nhudém hoat tinh 1a nhitng hop chit mau ma trong phan tir caa ching c6
chtra cac nhdm nguyeén tir c6 thé thuc hién lién két hod tri véi vat liéu néi chung va xo
dét ndi riéng trong qua trinh nhuém. Dang cbng thirc hod hoc tong quat cua thudc
nhudém hoattinh la: S —R — T — X.

Trong do:
S: la cac nhdm — SO3Na, - COONa, - SO,CH; .

R: phan mang mau cua phan tir thusc nhuém, quyét dinh mau sac, nhirng gdc mang
mau nay thuong 14 monoazo va diazo, gbc thudc nhuom axit antraquinon, hoan nguyén

da vong...



T: nhdm nguyén ti: phan ang, 1am nhiém vu lién két gitra thuéc nhuém véi xo va co
anh huong quyét dinh dén d6 bén cua lién két nay, dong vai tro quyét dinh toc d6 phan
ung nucleophile.

X: nhém nguyén tir phan ang, trong qua trinh nhudém no s& tach khoi phan tir thudc
nhudm, tao diéu kién dé thudc nhuom thuc hién phan tng hoa hoc véi xo.

Muc do khdng gan mau caa thubc nhudom hoat tinh twong di cao, khoang 30%,
c6 chira gbc halogen hiru co (hop chat AOX) nén lam tang tinh doc khi thai ra moi
truong. Hon nita hop chit ndy c6 kha ning tich lu§ sinh hoc, do d6 gy nén tac dong
tiém an cho sac khoé con ngudi va dong vat.

> Thudc nhuém bazo

Thudc nhudém bazo 1a nhitng hop chat mau cé cau tao khéac nhau, hau hét ching

la cac mudi clorua, oxalat hoic mudi kép cua bazo hitu co.

> Thudc nhuém hoan nguyén

DPuoc dung cha yéu dé nhuém chi, vai, soi bdng, lua visco. Thudc nhuém hoan
nguyén phan 16n dya trén hai ho mau indigoit va antraquinon. Cac thudc nhuém hoan
nguyén thudng khong tan trong nudc, kiém nén thuong phai sir dung céc chat khir d¢é
chuyén vé dang tan dugc (thudng 1a dung dich NaOH + Na,S,05 & 50 — 60°C). O dang

tan duoc nay, thuéc nhuém hoan nguyén khuyéch tan vao xo.

» Thuéc nhuém Leu hupnh

Thudc nhudm luu huynh 1a nhitng hop chat mau chaa nguyén tir luu huynh trong
phan tir thubc nhuém & céc dang -S-,-S-S-, - SO -, - Sn -. Trong nhiéu trudng
hop, luu huynh nam trong cac di vong nhu: tiazol, tiazin, tiantren va vong azin. Thudc
nhudém nhém nay rat phic tap, dén nay van chua xac dinh dugc chinh xac cau tao tong

quat cua chdng.

» Thudc nhuém phan tan

Dy la nhitng chit mau khong tan trong nuwéc, phan bd déu trong nuéc dang dung
dich huyén phu, thuong dugc ding nhuém xo ki nudc nhu xo axetat, polyamit,
polyeste, polyacrilonitrin. Phan ti thudc nhuém c6 ciu tao tir goc azo (- N = N -) va

antraquinon c6 chta nhém amin tu do hoic di bi thay thé (- NH,, - NHR , - NR, , -



NH - CH, - OH) nén thudc nhuém dé dang phan tan vao nuéc. Mirc d6 gan mau cua
thudc nhudm phan tan dat ti 1é cao (90 - 95 %) nén nudc thai khdng chira nhiéu thude

nhudém va mang tinh axit.

> Thuéc nhuém azo khong tan

Thudc nhuém azo khéng tan con co tén goi khac nhu thuéc nhuém lanh, thude
nhuém d4, thuéc nhuém naptol, ching 1a nhitng hop chat c6 chira nhém azo trong
phan tr nhung khong c6 médt cac nhom c¢o tinh tan nhu - SO3Na, - COONa nén khéng

hoa tan trong nudc.

> Thudc nhuém pigment

Pigment 1a nhiing hop chat c6 mau, ¢6 dic diém chung 1a khéng tan trong nuéc
do phan tir khéng chira cac nhdm cé tinh tan (- SOsH , - COOH) hoac cac nhom nay bi

chuyén vé dang mudi bari, canxi khong tan trong nuéc.

Thudc nhudom nay phai duoc gia cong dic biét dé khi hoa tan trong nudc ndng né
phan b trong dung dich nhu mot thudc nhuém thuc su va bat mau 1én xo sgi theo luc

hap phu vat ly.
1.1.2. Gigi thigu chung vé xanh metylen va metyl da cam

» Xanh metylen

Cﬁng thuc phén ta: C16H18C|N353H20

Cong thirc cau tao: N
H:C N ~g7 N CH-
CH: Cl CH:

Phan tir gam: 319,85 g/mol; Nhiét d6 nong chay: 100 - 110 °C.

Xanh metylen (MB) 1a mét chat mau thugc ho thibzin, né phan ly dudi dang
cation (MB* ). Mot sb tén goi khac nhu 1a tetramethylthionine chlorhydrate,
methylene blue, glutylene, methylthioninium chloride. Pay 1a mot hop chat c6 mau
xanh dam va 6n dinh ¢ nhiét d6 phong. Dang dung dich 1% c6 pH tir 3 - 4,5. Xanh

metylen dbi khang véi cac loai ha chit mang tinh oxy héa va khir, kiém, dichromate,



cac hop chat cua iod. Khi phan huy s& sinh ra cac khi doc nhu: Cl,, NO, CO, SO,,
CO,, H,S. Xanh metylen nguyén chat 100% dang bét hoic tinh thé. Xanh metylen c6
thé bi oxy hoa hoic bi khtr va mdi phan tir cia xanh metylen bi oxy hoa va bi khir

khoang 100 lan/gidy. Qu4 trinh nay lam ting tiéu thy oxy cua té bao.

Trong héa hoc phan tich, xanh metylen duoc st dung nhu mét chat chi thi véi thé

anh
n n~l'|,!o—n

2H" «+ 2@ = 2H" « 2o

/ NH
Leucomeethyien
kKhong mau)

Dang oxy héa va dang khur cua xanh methylen
(Ramsay et al., 2007)

oxi hoa khir tiéu chuan 1a 0,01V. MB di dwoc sir dung lam chat chi thi dé phan tich
mét s6 nguyén tb theo phuong phap dong hoc [10].

Xanh metylen 1a mot chat rat quen thudc va duoc st dung rong rai trong cac
nganh dét nhuom, da, gé, san xuat myc in; xanh metylen dugc dung dé danh gia chat
luong bé tdng va vira trong xay dung va xanh metylen dugc dung dé lam thubc chira
cac bénh vé da liéu trong linh vuc y hoc. Trong thily san, xanh metylen duoc sir dung
vao giita thé ki 19 trong viéc diéu tri cac bénh vé vi khuan, nam va ki sinh trang.
Ngoai ra, xanh metylen dugc danh gia la hiéu qua trong viéc chira bénh mau nau do
Met — hemoglobin qué nhiéu trong mau. Nguyén nhan gay ra bénh méau nau 1a do ham
lugng NO,", NO3™ trong nudc cao, vuot qué tiéu chuan cho phép hay lam dung khéang
sinh ... s& gay ra hoi ching bién dang hemoglobin giy kh6 khin trong viéc van
chuyén oxi trong mau [9].

Xanh metylen hap thu rat manh bai cac loai dat khac nhau. Trong méi trudng

nuéc, xanh metylen bi hap thu vao vat chét lo ling va bun day ao va khong c6 kha

nang bay hoi ra ngoai méi truong nudc & bé mat nude. Khi wéc lugng chi so tich liiy



sinh hoc, Co quan Bao vé Mbi truong Hoa Ky (EPA) cho riang xanh methylen khong
6 su tich lay sinh hoc trong thuy sinh vat (gia tri BCF = 1,5).

Néu thai metylen vao trong khdng khi, xanh methylen sé& ton tai ca dang hoi va
bui lo lrng. Dang hoi s& bi phan huy do sy phan @ng quang phan véi cac gbc oxy hoa
[OH], thoi gian ban hay khoang 2 gio. Su quang phan tryc tiép ciing dién ra. Doi voi
dang hat lo lirng c6 thé loai bo vat ly bai qua trinh phan huy.

> Metyl da cam
Cong thic phan tr:C14H14NsO3SNa

Cong thuc cau tao:

Khéi luong phan tir : 327,34 g/mol
Tén quéc té : Natri para - dimetylaminoazobenzensunfonat

Thudc nhuom metyl da cam (MO) thugc loai thuéc nhuom axit, 1a mot chat bot
tinh thé mau da cam, doc, khong tan trong dung mdi hiru co, kho tan trong nudc nguoi,
nhung d& tan trong nuéc nong, d = 1,28 g/cm® , nhiét do ndng chay trén 300°C. N6 la
hop chit mau azo do ¢ chita nhdm mang mau - N = N, c6 tinh chat ludng tinh voi
hing s axit Ka=4.10".

Khoang pH chuyén tir mau do sang vang: 3,0 - 4,4

Hé s6 hap thu mol & = 26,900

Do ¢6 ciu tao mach cachon kha phic tap va cong kénh, lién két - N = N - va
vong benzen kha bén viing nén metyl da cam rat kho bi phan huy.

Trong mdi trudng kiém va trung tinh, metyl da cam c6 mau vang la mau cua

anion:



0 CH;
'OSS NN N/
/

0/ CH

Trong moi truong axit, phan tir metyl da cam két hop véi proton H+ chuyén

thanh cation mau do:

Can bang sau day duoc thiét lap:

0 0
\ - Sy
aace Do gy o

Mau vang Mau do

Metyl da cam thuong duoc st dung dé nhudm truc tiép céac loai soi dong vat, cac
loai soi ¢6 chira nhém bazo nhu len, to tam, sgi tong hop polyamit trong méi truong

axit, ngoai ra ciing c6 thé nhudém xo soi xenlulozo véi su ¢6 mat caa uré.
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1.1.3. Hién trgng 6 nhiém nwéc thdi dét nhugm ¢ nuwéc ta

Trong cac nganh cac céng nghiép trong diém cua nudéc ta, thi du nhu nganh dét
may, cao su, san xuat gidy nhua, dét nhuom,...can mét luong 16n thudc nhuom dé tién
hanh san xuat. Bén canh viéc tao ra cac mau san pham dep dé dap tng nhu ciu cua xa
hoi, né con gay ra nhiing hau qua anh huong dén maéi trudng, cu thé: do tinh tan cao,
cac thuéc nhuém 1a mot trong nhitng nguon 6 nhiém nuéc cua nudce thai cdng nghiép
va anh hudng dén stic khoe cia con ngudi, chlng ¢ thé ngan can su xuyén thau caa
anh sang mit troi vao nuéc, 1am giam ndng do quang hop kéo theo su giam nong do
oxi hoa tan. Ngoai ra, thuéc nhuém con cé doc tinh vai nhiéu loai dong vat thay sinh,

pha hoai canh quan cta moi truong tu nhién.

Trong nhitng nim gan day, mic du linh vuc bao vé méi truong da va dang duoc
nha nudc dic biét quan tam, song mot s6 cong ty, nha may va hau hét cac lang nghé
san xuat dét nhuom tha céng van xa thai tryc tiép nguon nudce thai sau san xuat chua
qua Xt |y ra cac con song, hd, kénh, rach... gay anh huang nghiém trong dén doi sdng
va suc khoe cua ngudi dan. Tai mot s6 lang nghé nhu Van Phic, Duong Noi (Ha
DPong), nhu cau oxy hoa hoc COD trong céc cong doan tay, nhuéom do duoc tir 380 -
890 mg/L, cao hon tiéu chuin cho phép tir 3 - 8 lan; do mau do duoc 1a 750 Pt - Co,
cao hon tiéu chuan cho phép nhiéu lan. Nudc thai sau san xuat dét nhuém chia nhiéu
loai hoé chat doc hai gay 6 nhiém cho cac con song, ao ho, tiéu diét cac loai thuy sinh,

gay tac dong Xau téi san xuat, sinh hoat ctia con nguoi.

Céc van dé vé sy 6 nhiém moi truong dudi su tic dong caa nganh cong nghiép
tay nhuom di gia ting trong nhiéu ndm qua. Cac qué trinh tdy nhuém co ty Ié mat mat
chat tay nhuom 1én dén 50%. Nguyén nhan cua viéc mat mat chat tay, nhuom la do céc
chat nay khéng bam dinh hét vao soi vai, s6 pham nhudom nay sé di theo dudng nuéc
thai ra ngoai. Viéc thu hoi cac chat that thoat chi dat khoang 75 %, vi vy viéc xu ly
nuéc thai dét nhuém 1a van dé can duoc quan tdm nghién ctu.

Bén canh nhing loi ich cua chat tao mau ho azo trong cdng nghiép nhuom, thi
tac hai ctia nd khdng nho khi ma cac chat nay duoc thai ra méi truong. Gan day, cac
nha nghién ctru da phat hién ra tinh doc hai va nguy hiém cua hop chét ho azo di voi

moi trudng va con ngudi, dic biét 1 loai thudc nhuém nay cé thé gay ung thu cho

11



ngudi st dung san pham. Ngoai ra, nudc thai c6 mau siac dam lam mat tham my va
gay can trd viéc tiép nhan anh sang cua céc sinh vat thay sinh [18].

Qua trinh xt ly hda hoc vat lidu gom xir Iy w6t va xu Iy khd. X 1y w6t gdom: xir
1y trude, tay tring, 1am béng nhudm, in hoa. Céng doan xu Iy w6t st dung nhiéu nuéc,
n6i chung dé xir ly hoan tat 1kg hang dét can 50 — 300 lit nuéc tly chung loai vat liéu
va may mac thiét bi. Hau hét lugng nudc ndy c& 88,4% sé thai ra ngoai, 11,6% luong

nudc bay hoi trong qua trinh gia cong.

Cac chat gay 6 nhiém chinh trong nuéc thai cua cong nghiép dét nhuém bao

gom:

C4c tap chat tach ra tir vai soi nhu diau md, cac hop chat chira nito, pectin, céc

chat byi ban dinh vao sei (trung binh chiém 6% khéi lugng xo soi).

Cac hoa chat st dung trong quy trinh cong nghé nhu ho tinh bot, H,SO,,
CH;COOH, NaOH, NaOCl, H,0, , Na,COs, Na,SO; ... cac loai thubc nhuom, céc
chét tro, chat ngam, chat cam mau, chat tay giat. Luong hoa chat sir dung vaéi tirng loai
vai, ting loai mau thuong khac nhau va chu yéu di vao nuéc thai cua timg cong doan

tuong tng [7].
1.1.4. Mt s6 phwong phdp xir Y nwéc thai dét nhugm

Nhic dén thudc nhuom, ta co thé ké dén vd sb loai thudc nhudém nhu: Acramin
(Pigment dé nhudém va in hoa vai sgi xenlulo, tong hop va pha do hdng Bayer, Cong
hoa Lién Bang Puc san xuat), hay Saturn (Thudc nhuém tryc tiép bén mau véi anh
séng, do hang Ostacolor, Cong hoa Lién Bang Séc va Slovaki san xuét), ...Tuy nhién,
loai thudc nhuém thdng dung va duoc s dung phé bién ¢ nudc ta chu yéu la xanh
metylen hoac metyl da cam - dung dé nhudém da, vai bong, in cac hoa van, hoa tiét trén
vai. Mic du khong that sy doc hai dbi voi con ngudi, tuy nhién nd co thé gay ra mot sb
triéu chimg nhu: di tng da/ mét, bénh tiéu chay, rdi loan than kinh,... Néu nong do
xanh metylen, metyl da cam trong nu6c qua cao & can tro sy hap thu oxi vao nudc tir
khéng khi, do d6 can tro su sinh truéng cia cac dong thuc vat gay ra hién tuong xao
tron hoat dong cua vi sinh vat va anh huéng dén qua trinh ty 1am sach cia nudc.

Ddi véi viéc giam thiéu tic dong moi trudng nudc cua nudc thai nha may dét

nhudm c6 thé xem xét ap dung céc bién phép sau:
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- Phan ludng dong nudc thai bao gom: gdm cac loai nudc sach, nuéc 6 nhiém co
hoc, nuéc nhiém ban hda chét, chit hitu co va nuéc nhiém ban dau md, chat ran lo
ling... Pay 13 bién phép vira mang tinh k¥ thuat, vira mang tinh quan Iy rat hiru hiéu
va kinh té dé giam bét dinh mirc tiéu hao nudc cho san xuat, tiét kiém ning luong

d6ng thoi giam di mot lwong déang ké nude thai can xu 1y.

- Tuan hoan tai st dung nuéc 1am lanh sé tiét kiém duoc mot luong nudce 1on

(t6i thiéu giam 30% lugng nudc thai)

- Khoi thong hé théng thoat nuéc thai va b tri hd ga va dit gio thu gom ba thai

ran.

Cac nha khoa hoc di nghién ciru va tim ra cac phuong phap dé xt I ngudn nuéc

6 nhiém nhu:

> Phuwong phdp trao déi ion

Trao doi ion 1a mét trong nhitng phuong phap thuong duge ding dé tach kim loai
nang tir nudc thai. Nhua trao d6i ion c6 thé tong hop tir hop chat vo co hay hop chat
hiru co ¢o gén cac nhom nhu : - SOzH |, - COO- , amin. Cac cation va anion dugc hép
phu trén bé mit nhua trao d6i ion. Khi nhya trao ddi ion di bao hoa, ngudi ta khoi
phuc loai cationit va anionit bang dung dich axit lodng hozc dung dich bazo loang. Vé
mat k¥ thuat thi hau hét kim loai nang déu c6 thé tach ra bang phuong phap trao doi

ion, nhung phuong phap nay thuong tén kém.

> Phuong phdap hap phu

So v&i phuong phap xir Iy nudc thai khac, phuong phap hap phu cé cac dac tinh
ru viét hon han. Vat lidu hap phu dugc ché tao tir cac ngudn nguyén liéu ty nhién va
cac phé thai cong nghiép sin co, dé kiém, quy trinh xt 1y don gian, céng nghé xir ly
khong doi hoi thiét bi phtc tap, chi phi thip, dic biét, cac vat liéu hap phu nay c6 do
bén khé cao, co thé tai st dung nhiéu 1an nén gia thanh thap, hiéu qua cao. Trong dé tai
nay ching em sir dung phuong phap hap phu véi chat hap phu 12 14 théng Pinus Kesiya

qua xu Ii nhiét dé hap phu xanh metylen va metyl da cam.
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1.2. Phwong phap hip phu

1.2.1. Khai niém

Hap phu 1a sy tich liy chat trén bé mat phan céch cac pha (khi - ran, 16ng - ran, khi -
long, long - long). Trong do:

Chat hap phu: 1a chat c6 cac phan tir & 16p bé mat c6 kha ning hat cac phan tir
khac nam tiép xtc véi no.

Chat bi hap phu: 1a chat tich liy trén bé mat chat hap phu, chat nay hat khoi pha
thé tich dén tap trung trén bé mat chat hap phu.

Giai hap 1a qua trinh chat bi hap phu ra khoi 16p bé mat chat hap phu. Giai hap
phu duya trén nguyén tic sir dung cac yéu té bat loi dbi véi qua trinh hap phu. Ddi voi
hap phu vat 1y dé lam giam kha niang hap phu c6 thé tac dong théng qua céc yéu td
sau:

- Giam ndng do chat bi hap phu & dung dich dé thay d6i thé can bang hap phu.

- Tang nhiét do.

- Thay d6i ban chat twong tac ctia hé théng thong qua thay doi pH cia moi
truong.

- Sir dung tac nhan hap phu manh hon dé day cac chat da hap phu trén bé mat
chat ran.

- Str dung tac nhan 1a vi sinh vat. Dya trén nguyén tac giai hap phu néu trén, mot
s6 phuong phap tai sinh vat liéu hap phu da duogc sir dung: phuong phap nhiét, phuong
phap hoa ly, phuong phap vi sinh.

1.2.2. Bdn chdt cia hién tweng hdp phu

La sy tuong tac gitra cAc phan tir chat hip phu va chat bi hap phu. Tuy theo ban
chat cua luc twong tac ma ngudi ta phan biét hai loai hap phu I1a hap phu vat ly va hap
phu hoa hoc.

> Hdap phu vat Iy

Céc phan tir chat bi hap phuy lién két véi nhiing tiéu phan (nguyén tir, phan ti, cac

ion...) & bé mat phan chia pha boi luc lién két Van Der Walls yéu. D6 1a tong hop cua
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nhiéu loai lrc hat khac nhau: tinh dién, tan xa, cam &ng va luc dinh hudng. Luc lién
két nay yéu nén dé bi pha va.

Trong hap phu vt ly, cac phan tir caa chat bi hap phu va chat hip phu khdng tao
thanh hop chét hoa hoc (khdng hinh thanh céc lién két hoa hoc) ma chét bj hap phu chi
bi ngung tu trén bé mat phan chia pha va bi giit lai trén bé mat chat hap phu. O hap

phu vt ly, nhiét hap phu khéng lén.

> Hdp phu hoa hoc

Hap phu hoa hoc xay ra khi cac phan tir chat hap phu tao hop chét hod hoc véi
cac phan tir chat bi hap phu. Luc hap phu hoa hoc khi d6 1a luc lién két hoa hoc théng
thuong (lién két ion, lién két cong hod tri, lién két phdi tri...). Luc lién két nay manh

nén kho bi pha v&. Nhiét hap phu hoa hoc I6n, c6 thé dat téi gia tri 800 kJ/mol.

> Hdp phu trong méi trieong nudc

Hap phu trong méi truong nude thuong dién ra kha phuc tap. Vi trong hé co it

nhét ba thanh phan gay tuong tac 13 nudc, chat hip phu, chat bi hap phu [1].

Do su ¢d mat cua dung mdi nén trong hé s& xay ra qua trinh hap phu canh tranh
va c6 chon loc giita chat bi hap phu va dung méi. Thong thuong, nong do chat tan
trong dung dich 1 nho nén khi tiép xic véi chat hap phu, cac phan tir nude lap tic
chiém chd trén toan bo bé mat chat hap phu. Céc chat bi hap phu chi cé thé day phan
tr nuGe dé chiém chd trén toan bo bé mat chat hip phu. Diéu ndy xay ra khi tuong tac

giita chat bi hap phu va chat hiap phu manh hon tuwong tac giita chat hap phu va nudc.

Kha niang hap phu cua chat hap phu di véi chat bi hap phu con phu thudc vao
tinh twong dong vé do phan cuc giita chiing. Chat hap phu va chat bi hap phu déu phan

cuc hoic khdng phan cuc thi sy hap phu xay ra tét hon.

Hap phu trong méi trudng nudc con bi anh huong nhidu bai pH caa méi truong.
Sy bién d6i pH dan dén sy bién ddi ban chat caa chat bi hap phu. Cac chat c6 tinh axit
yéu hay bazo yéu hoic ludng tinh s& bj phén ly, tich dién am, dwong hodc trung hoa.
Ngoai ra sy bién doi pH ciing anh huong dén cac nhom chic bé mat caa chat hap phu

do su phéan ly cac nhom chue.
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T6m lai hap phu trong méi trudng nudc c¢d co ché phuc tap do yéu té hap phu
hon hop, su bién ddi ban chat héa hoc cua chat bi hap phu, chit hap phu vao moi

truong.

Ngoai ra, dd xp, su phan bé 16 xdp, dién tich bé mat, kich thudc mao quan, ciing

anh hudng t6i su hap phu.

Trong mdi trudng nudc, cac chat hiru co co do tan khac nhau. Kha niang hip phu
trén vat liéu hap phu déi vai céc chat hitu co c6 d6 tan cao s& yéu hon vai cac chat hiru
co ¢ d6 tan thap hon. Nhu vy, tir d6 tan cua chat hiru co trong nuéc ¢6 thé dy doan
kha ning hap phu ching trén vat liéu hap phu. Phan Ion cac chat hitu co ton tai trong
nuéc dang phan ti trung hod, it bi phan cuc. Do d6 qua trinh hip phu trén vat liéu hap
phu dbi vai chat hitu co chil yéu theo co ché hap phu vat ly. Kha nang hap phu cac
chét hitu co trén vat liéu hap phu phu thudc vao: pH cua dung dich, luong chat hap

phy, néng d6 chat bi hap phu...
1.2.3. Can bang dang nhiét hdp phu

Khi mét chat hap phu tiép xdc véi mot pha thé tich c6 mot thanh phan hoa hoc
nhét dinh, sy hap phu s& xay ra. Sau mot thoi gian du dai, gitra chat hap phu va chat bi
hip phu trong pha thé tich s& dat dén mét trang thai can bang [23]. Méi quan hé giira
lwgng chat bi hap phu g va néng do can bang trong pha thé tich C hay &p suat riéng
phan P tai nhiét 46 T duoc goi 1a dang nhigt hdp phu tai T, dugc biéu dién:

g=q(C) tai T =const (*)

q=q(P) tai T = const (**)
Tir (*), néu goi Cova Ce lan lugt 1a nong do chat hip phu ban dau va & trang thai can
bang, V la thé tich dung dich, m 1a khéi luong chat hap phu, thi nghiém ¢ trang thai
tinh ta c6 thé xac dinh dugc q la dung lwong hap phu:

(G =€)V
q=-"— (1.1)

Cac dang nhiét hap phu dugc biéu dién boi nhiéu hé thirc todn hoc. Cac hé thie
nay duoc rit ra tir sy md hinh héa cua qua trinh hap phu va khir hap phy, hodc duoc
thiét 1ap bang con dudng kinh nghiém (thuc nghiém) thuan tay.

Sau ddy 1a cac md hinh dang nhiét hap phu thuong gap.

> M0 hinh ddang nhiét Langmuir
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Phuong trinh Langmuir duwoc xay dung véi gia thiét rang trén bé mat chat hap
phu ton tai c4c trung tdm hip phy. Cac trung tim nay twong dwong véi nhau vé ning
luong va phan bé dong déu trén bé miat chat hap phu. Vi vay, khong c6 luc tuong tac
ngang giira cac phan tu bi hip phu véi nhau. Do cac trung tim tuong dwong nhau vé
mit ning lugng nén ching c6 kha nang hip phu nhu nhau [3].

MJi trung tdm hoat dong chi hip phu dugc mot phan tir chat bi hap phu. Trong
trang thai bi hap phy, cac phan ti trén bé mat chat ran khong tuong tac voi nhau, hap
phu chi tao ra don 16p phan ti.

Phuong trinh phi tuyén tinh ciia mé hinh dang nhiét Langmuir duoc dua ra boi

cong thuc:
qm- K. Ce
== " 1.2
1 =11K,.C, (12)
Phuong trinh dang nhiét hap phu Langmuir dang tuyén tinh:
e 1 C, + ! (1.3)
de qm = dm-Ki '

trong do,

Co(mg/L): Nong d6 dung dich hap phu.

0.(mg/g): Dung lugng héap phu (lugng chét bi hap phu/1 don vi chat hap phu).

0,,(Mg/g): Dung lugng hap phu tbi da ctia chat hap phu (lugng chét bi hap phu/1
don vi chéat hap phu).

K, (L/mg): Hang s6 can bang hip phu Langmuir.
Y nghia ctia md hinh ding nhiét Langmuir:

v Duya vao md hinh dang nhiét Langmuir c6 thé xac dinh dugc kha ning hap phu
t6i da (qm) trén bé mit don 16p cua vat liéu.

v’ Tirgia tri cua K, c6 thé xac dinh hing sé tach R, théng qua biéu thic:

1

R, =——
LT14+ K¢,

(1.4)

Gia tri R, s& cho biét su thuan loi caa qué trinh hap phu.

e R, =0: Qué trinh hap phu 12 mét chiéu
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e R, > 1: Qué trinh hap phu Ia khéng thuan loi
e 0<R, <1:Quéatrinh hap phu la thuan loi
e R, =1: Qué trinh hap phu I tuyén tinh
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> M6 hinh dang nhiét Freundlich

M6 hinh dang nhiét Freundlich (Freundlich,1906) la mét phwong trinh thyc
nghiém dua trén sy hap phu trén bé mat khong ddng nhat cua vat liéu véi cac gia dinh
sau:

v' Su phan b nhiét hap phu va &i lyc caa chat bi hap phu trén bé mat khong dong
nhét 1a khong dong déu.

v' Su hap phu khong 1y twang va thuan nghich, khong bi han ché bai sy hinh thanh
don 16p.

v Ty & chat bi hap phu trén mot khéi lugng chat hap phu khéng phai 1a hang s6 ¢
cac dung dich c6 ndng do khéc nhau.

v/ Céc tam hap phu co6 nang lugng khdng giéng nhau. Lugng hap phu I tong sé cua
su hap phu trén tat ca cac tam hap phu (mdi tim hap phu c6 ning luong lién két),
trong d0, cac tam hap phu lién két manh hon duoc chiém dau tién.

Phuong trinh phi tuyén tinh cia mé hinh dang nhiét Freundlich dugc biéu dién

theo cong thuec:

1
qde = Kp. CJ' (1.5)

Pé xé4c dinh cac hang s6 trong phuong trinh dang nhiét hip phu, ta dua phuong

trinh vé dang:
1
logq. = log Kz + Elog C. (1.6)

trong do,

C.(mg/L): Nong d¢ tai thoi diém can bang

0,(Mmg/g): Lugng chat bi hap phu trén mot don vi khéi lugng vat liu hap phu

Ke: Hing s6 Freundlich dé chi kha ning hip phu twong di cta cac vat liéu hip
phu.

n: La s6 mil trong phuong trinh Freundlich, dic trung cho tinh khong dong nhat
vé nang luong ctia bé miat hap phu.

Trén co s& cac két qua thuc nghiém thu duoc, xay dung dd thi md ta mbi twong
quan giita logge va logC,, tir d6 xac dinh dugc cac tham sé Kg va n trong biéu thic
(1.10).
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Y nghia cia md hinh dang nhiét Freundlich:

v/ Khi gia tri n < 1 thi ¢6 thé du doan mé hinh khéng thich hop dé moé ta qua trinh
hap phu. Néu gia tri n > 1 ¢6 thé du doan rang mo hinh thich hop dé mé ta qua
trinh hip phu & khoang ndng do nghién ctiru. Khi n = 1, qua trinh hip phu 1a khong
thuan nghich.

v' Dua vao mé hinh Freundlich c6 thé danh gia cuong d6 hip phu cua chit bi hip
phu trén bé mat chat hap thy. Néu gid tri n cang 16n thi chét bi hap phu cang twong
tac manh véi chat hap phy, kha ning hap phu ting [12].

v" Mb hinh Freundlich chi phu hop cho mé ta qué trinh hap phu ¢ khoang néng do
hep.

1.2.4. Pgng hoc hdp phu

Trong méi trudng nudc, qué trinh hap phu xay ra cha yéu trén bé mat cua chat
hap phu. Vi vy, qua trinh dong hoc hap phu xay ra theo mot loat cac giai doan ké tiép

nhau:

> Céc chat bi hap phu chuyén dong dén bé mat chat hap phu — giai doan khuéch
tan trong dung dich.

> Phan tir chat bj hip phu chuyén dong dén bé mat ngoai cua chat hip phu chua
c4c hé mao quan — giai doan khuéch tan mang.

> Chit bi hap phu khuéch tan vao bén trong hé mao quan cua chat hap phu — giai
doan khuéch tan vao trong mao quan.

> Céc phan tir chat bi hap phu duoc gan vao bé mit chat hap phu — giai doan hap

phu thuc su.

Trong tit ca cac giai doan do6, giai doan nao co toc dd cham nhét s& quyét dinh
tdc d6 toan bo qua trinh hap phu.

Trong phan nay, chiing em chi trinh bay cac mé hinh déng hoc thuong duoc sir
dung nhit dé nghién ciru dong hoc su hap phu thuéc nhuém hitu co bang vat liéu tu
nhién; d6 1a bac nhat biéu kién (the pseudo-first order) va bac hai biéu kién (the

pseudo-second order) [14].

> Phuwong trinh dong hoc biéu kién bdc 1
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Phuong trinh dong hoc biéu kién bac 1 c6 thé danh gia nhiéu trang thai hap phu
khac nhau, bao gom:
v/ Hé dat dén trang thai can bang.
v' Hé c6 ham lugng chat tan doc 1ap theo thai gian hodc hap phu dang nhiét
tuyén tinh.
v' Céc truong hop dac biét cua hé phuc.
Phuong trinh d6ng hoc hap phu biéu kién bac nhat Lagergren dugc trinh bay nhu
sau:

dq
= = ki@ — @) (1.7)
Dang tich phén cta phuong trinh trén la:

kit
2,303

log(q. — q;:) = logq. — (1.8)

trong do,
0 1a dung luong hap phu tai thoi diém can bang (mg/g)
g; 1a dung luong hap phu tai thoi diém t (mg/g)

ki 1& hing s tbc do hip phu bac nhét biéu kién (phat™)

> Phuong trinh dong hoc biéu kién bdc 2

Phuong trinh dong hoc biéu kién bac 2 cd thé du doan toc d6 phan tmg tuong
rng ti 1é véi tam hap phu c6 trén bé mat chat hap phu .

Phuong trinh dong hoc hap phu biéu kién bac hai c¢6 dang:

dq
= = ka(qe — q)’ (1.9)

Dang tich ph&n ctia phuong trinh nay la:

t_ 1 +<1)t (1.10)
q:  k,q2  \q./° '

trong do,
0 1a dung luong hap phu tai thoi diém can bang (mg/g)
0: 1a dung luwong hap phu tai thoi diém t (mg/g)
ko 1a hing sé toc d6 hap phu bac hai biéu kién (g.mg™.phat™).
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Tir cac phuong trinh trén, c6 thé xac dinh duoc gia tri thuc nghiém cua q theo t
va tinh dugc hing sé tbc do hip phu biéu kién ki, k,. Gié tri cua hing s téc do biéu
kién 12 mot trong cé&c thong sé dé so sanh gitra cac chat hap phu ddi vai cuing mot chat

bi hap phu.

1.3. Gigi thiéu vé vat liéu hap phu ¢ nguén géc tw nhién

Trong nhirg nim gan day, viéc sit dung nhitng vat liéu 1a chat thai ndng nghiép
hoic nhitng thuc vat it c6 gia tri kinh té duoc dic biét quan tdm vi nhirng chét thai nay
hién nay khéng duwoc st dung va trong nhiéu truong hop lai phai ton chi phi cho chén
lip. Do d6, nhiéu nghién ciru da dugc tién hanh nham tim ra phuong phap chuyén doi
nhitng vat liéu nay thanh nhiing san pham c6 ich. Sinh khéi cua thuc vat 1a mét trong

s6 nhitng vat liéu duoc quan tm nghién ctru dé xu 1y nuéc thai dét nhuom [13].
1.3.1. Mgt sé hwong nghién cizu hdp phu xanh metylen va metyl da cam
Tinh hinh nghién ctru ngoai nudc:

Arwa Alseddig da str dung vo ngao lam chat hap phu chi phi thap thay thé dé loai
bo hai loai thudc nhuém c6 hai 1a metyl cam (MO) va xanh metylen (MB) khoi dung
dich nuwéc. Cac nghién ctu hap phy theo nhom da dugc thuc hién bang cach thay doi
cac thdng sé thi nghiém nhu pH dung dich, ndng do ban dau va khéi luong vat liéu
hap phu. Gié tri pH t6i uu dé loai bé MO va MB lan luot 1a pH 2.0 va pH 8.0. O néng
d6 MO va MB ban dau la 20 mg/L, ty 1& phan trim loai bo t6i da cia MO va MB lan
luot 1 18,9% va 81,3%. Dit liéu can bang hap phu co tuong quan véi ca hai mé hinh

dang nhiét Langmuir va Freundlich [11].

Jie Ma va cac cong su da nghién ciru kha nang hap phu cia 6ng nano cacbon
hoat tinh kiém dé loai bo xanh metylen va metyl da cam ra khoi nuéc. Két qua cua qué
trinh nghién ctu cho thiy kha ning hap phu cuc dai cua xanh metylen 1a 399 mg/g va

cua metyl da cam la 149 mg/g [26].

Téc gia Hamdaoui da nghién ctu vé viéc loai bo xanh metylen trong dung dich
(40 mg/L) tir mun cua dé nghién ctiru va st dung ching nhu 1a cac chat hap phu chi phi
thap cho viéc xtr 1i nuée thai cd chira thude nhudém. M6 hinh hap phu ding nhiét duoc
xéc dinh & 20°C va sé liéu thuc nghiém thu dugc da phu hop véi md hinh Langmuir va
Freundlich [20].
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O Viét Nam, nhiéu tac gia ciing nghién ctru sir dung vat lidu c6 ngudn goc tu

nhién dé xur Iy xanh metylen va metyl da cam trong nudc nhu:

Téc gia Nguyén Trung Thanh va cong su thudc Trung tam trac quang va ki thuat
tai nguyén moi truong An Giang da nghién ctru va ching minh duoc kha ning hap phu
metyl da cam cua tro trau tir 10 gach tha cong véi 200 mg tro triu (dd hoat hda voi ham
lwong HF trong dung dich 1a 10% thé tich) c6 kha ning loai bo 99% metyl da cam tur
50ml dung dich metyl da cam (10 mg/L) voi thoi gian hap phu la 30 phat, 6 pH = 5
[8].

Téc gia Nguyén Thi Nguyét nghién ciu kha ning hap phu metyl da cam va xanh
metylen cua vat liéu hap phu bién tinh tir quing sit Trai Cau - Thai Nguyén (quing st
dugc bién tinh bang niken oxit). Két qua cho thay pH téi uu cho sy hap phu metyl da
cam 1a 2, cua xanh metylen 1a 7 va thoi gian dat can bang hap phu cua xanh metylen
va metyl da cam 1a 120 phit va duoc md ta kha tét theo md hinh dang nhiét Langmuir

[6].

Téc gia Lé Hitu Thiéng nghién ctu kha nang hap phu xanh metylen va metyl da
cam cua cac vat lidu ché tao tir bd mia. Vi vat liéu xir 1i bang fomandehit thi dung
luong hap phu xanh metylen va metyl da cam cuc dai theo md hinh dang nhiét
Langmuir 1a 58,55 mg.g™ va 54,64 mg.g™" véi vat liéu duoc xu Ii biang H,SO, va
NaHCO; thi dung lugng hap phu cuc dai 1a 90,91 mg.g™ (ddi véi xanh metylen) va
59,88 mg.g™ (dbi véi metyl da cam) [10].

Duong Thi Bich Ngoc, Nguyén Thi Mai Luong, Nguyén Thi Thanh da nghién
ctru kha nang hap phu thuéc nhuom xanh metylen cua vat lidu hap phu ché tao tir 16i
ngd va vo ngd nam 2013. Theo thdi gian sau 20 phut, hiéu suat hap phu xanh methylen
cua I8i ngd va vo ngd da 1én toi gan 98%. Qua trinh hap phu xanh metylen déu dat trén
96% trong khoang pH rat rong tir acid manh dén kiém manh: L6&i ngd tir 3 dén 11, vo
ngd tir 3 dén 8,8. Kha ning hap phu cia vé ngd va 16i ngd c6 xu huéng giam nhe khi
nong d6 xanh metylen tang tir 200 mg/L dén 350 mg/L nhung hiéu suat vin dat trén
97%. Trong tat ca cac diéu kién thi nghiém cua nghién ctru, 161 ngd ludn cho lugng

hap phu can bang cao hon gan 2 1an so véi vo ngd [5].

Db Tra Huong, Tran Thay Nga da nghién ciu sy hap phu xanh metylen bang vat

liu ba ché nam 2014. Két qua caa nghién ciu cho thay pH hip phu tét nhat dbi voi

23



xanh metylen 1a 8 va khi ting nhiét d6 tir 25°C - 55°C thi hiéu suét hap phu xanh
metylen giam. Xéc dinh dwoc dung luong hip phu cuc dai d6i voi xanh metylen max=
178,57 mg/g [4].

Vit liéu hip phu tu nhién ngay cang thé hién duoc kha niang xur ly xanh metylen
va metyl da cam trong mdi trudng nudc va dang duoc cac nha khoa hoc trén thé gigi
cling nhu trong nudc quan tdm nghién ctu [24]. Tir ngudn nguyén liéu ddi dao, dic
trung & timg dia phuong khac nhau, nhitng vat liéu nay tuéng chimg nhu 14 ngudn rac
thai can duoc xu Iy lai tré thanh nhitng vat liéu tiém ning trong viéc loai bo xanh
metylen va metyl da cam trong nudc thai dét nhuom. Chinh vi nhiing loi ich d6, viéc
nghién ciru 4p dung quy trinh hap phu xanh metylen va metyl da cam trong nuéc thai
bang loai vat liéu nay can dugc dau tu nghién ctiu k¥ ludng hon nita dé ap dung vao

thue té mot cach 6 hiéu qua nham bao vé méi treong va suc khoe cong dong.
1.3.2. Gidi thigu vé thong ba I& Pinus Kesiya

Thong ba 14 Pinus Kesiya hay con duoc goi tat 1a cay théng ba 14, c6 tén khoa
hoc la Pinus Kesiya Royle ex Gordon (P. Khasya Hook.f), ching thuéc ho Théng —

Pinaceae.

Pay 1a loai cdy gd I6n, cao 30 mét hay hon; than thang, tron, vé day, mau nau
sam va nut doc sau. L4 cay c6 mau luc sim, mém, thudng cé ba 14 moc cum trong mét
be & dau canh ngan; 14 thuong c6 do dai tir 15 — 20 cm, be dai 1 -2 cm. N6n qua hinh
tring rong, dai 5 — 9 cm, chin trong hai nam, vay chin c6 rén hoi 16i, d6i khi c6 gai
nhon, ¢4 hai duong go ngang va doc, di qua giita mat vay. Hat c6 canh dai 1,5 — 2,5

cm.

Thuong phan bé & cac khu vuc c¢6 d6 cao trén 900 mét. Thong ba 14 séng & noi
dat t6t, khi hau 6n hoa, mat mé va nhiéu swong mu. Trén thé gidi, loai thong nay phan

bd & An Do, phia nam Trung Quéc, Malaysia, Théi Lan, Viét Nam.

Tai Viét Nam, phan 16n thong ba 14 dugc trong tai cao nguyén Langbiang (hon
90%), ching moc noi c6 d6 cao 1000 -1800 mét. Tuy nhién, loai thong nay khong thé
moc duoC & noi c6 do cao thap hon, tir 800 — 1000 mét trén cao nguyén Di Linh.
Thong bé 14 chiém dién tich 16n nhat trong céc loai thdng ¢ nudc ta. Ching thuong
moc & nhiing tinh Tay Bac va mot sb tinh Kon Tum, Gia Lai,... nhung nhiéu nhét 1a

duogc trong trén cao nguyén Langbiang.
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Mot s6 hudng nghién ciru st dung 14 théng 1am vat lidu hap phu xanh metylen va

metyl da cam:

Tushar Kanti Sen va cong su da nghién citu dong hoc, can bang dang nhiét hap
phu va co ché loai bo chat xanh methylene khoi dung dich nuéc bang hip phu 1én sinh
khdi cua cay théng Pinus Radiata niam 2010. Két qua caa nghién cau cho thiy kha

nang hip phu don 16p cuc dai caa sinh khdi nén thong 1a 109,89 mg/g & 30°C [21].

Niam 2014, Nese Ertugay va Emine Malkoc di nghién ctru hap phu xanh metylen
I&n 14 thdng Pinus sylvestris L. Két qua cho thay kha ning hap phu xanh metylen tbi da
tai pH=5, dung lugng hap phu ting tir 84,46 dén 99,73 mg/g khi ting nhiét do tir 20
dén 45°C. Cac duodng dang nhiét hap phu duoc méd ta theo md hinh Langmuir,
Freundlich, Tempkin va Harkis-Jura. Di liéu phii hop véi duong dang nhiét Langmuir
va xac dinh duoc dung luong hap phu cuc dai 1a 101 mg/g & 45°C [16].

C6 thé thay rang viéc ché tao vat liéu hap phu tir 14 thong dang dugc cac nha
khoa hoc trén thé giGi quan tdm va nghién ciu vi vat liéu hap phu d& ché tao va kha
nang hap phu thudc nhuém trong nude cao, dap ang nhu cau buc thiét cho viéc xu |i
nuéc thai hién nay. Tuy nhién, chua c6 cong trinh nghién ctu nao trén thé gisi sir
dung 14 théng Pinus Kesiya da xu ly nhiét 1am vat liéu hap phu xanh metylen va metyl
da cam trong nudc. Vi vay, chiing em di tim hiéu va bat dau vao viéc nghién ciru sir
dung vat liéu hap phu tir 14 thong ba 14 tai Pa Lat véi mong mudn khdng chi mang lai

loi ich cho méi trudng ma con mang lai hiéu qua kinh té dang quan tam.
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CHUONG 2 - POI TUQNG, NOI DUNG VA PHUONG PHAP NGHIEN CUU

2.1. Péi twong, ndi dung nghién ciru
2.1.1. Péi twrong nghién ciru

- Chit hiru co xanh metylen va metyl da cam

- Vit liéu hap phu 14 thong ba 14 c6 tén khoa hoc Pinus Kesiya Royle ex Gordon.
2.1.2. Ngi dung nghién cizu

- Thu thap va st dung 1a thong khd, xur Iy nhiét tao thanh vat liéu hap phu.

- Khao sat anh huong cua pH dén kha nang hap phu cua vat liéu.

- Khao sat anh huong cua thoi gian dén kha nang hap phu cua vat liéu.

- Khao sat anh huong cua ndng d6 ban dau dén kha niang hap phu cua vat liéu.

- Nghién ctru dong hoc caa qua trinh hap phu. Xay dung duong hap phu dang nhiét

va xac dinh dung luong hap phu cuc dai cua vat liéu.
2.2. Phwong phap nghién ctiru

Phuong phap UV - Vis 1a phuong phap phén tich duoc st dung phé bién nhat
trong cac phuong phap phan tich héa ly. Bang phuong phap nay c6 thé dinh luong
nhanh chéng véi d6 nhay va d6 chinh xéac cao. Thuc té phuong phap nay c6 kha ning
str dung vo han dé xac dinh hau hét cac nguyén té trong bang hé théng tuan hoan (trir
cac khi tro), cac hop chat vo co ciling nhu cac hop chét hitu co. Cac cong trinh khoa
hoc ding trén céc tap chi thi phuong phap trac quang chiém khoang 40% tong sé cac
cong trinh dugc cong bd. Phuwong phap UV - Vis dugc phét trién manh vi né don gian,
dang tin cdy va duoc sir dung nhiéu trong kiém tra san xuat hoa hoc, luyén kim va

trong nghién ctru hod dia, hoa sinh, méi trudng va nhiéu linh vuc khéc [2].
2.2.1. Co so Ciia phwong phap UV - Vis

Nguyén tic chung caa phuong phap nay 1a mudn xac dinh mét cau tir X nao do,
chuyén n6 thanh hop chat c6 kha nang hap thu anh sang rdi do su hap thu anh sang cua
n6 va suy ra ham luong chat can xac dinh X.

Co so cia phuong phap 1a dinh luat hap thu 4nh sang Bouguer — Lambert - Beer.

Biéu thtrc caa dinh luat;
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A = Log= = eLC (2.1)
Trong do:
lo, | : 1an lwot 13 cudng do cua anh sang di vao va ra khoi dung dich.
L : bé day cua dung dich anh sang di qua.
C : ndng d6 chét hap thy anh sang trong dung dich.

& : hé s6 hip thu quang phan ti, né phu thudc vao ban chét caa chit hap thy anh

sang va budc song cua anh sang téi (e = (1)).

Nhu vay, d6 hap thy quang A la mot ham cua cac dai lugng: budc song, bé day dung

dich va néng do chat hap thu anh sang.
A=f(,1,0) 2.2)

Do d6 néu do A tai mot bude song A nhat dinh vai cuvet c6 bé day 1 xac dinh thi
duong biéu dién A = f(C) phai c6 dang y = a.x 1a mot duong thang. Tuy nhién, do
nhitng yéu t6 anh hudng dén su hap thu anh sang cua dung dich (budc séng cia anh
séng t6i, su pha lodng dung dich, ndng 6 H , sy c6 mit caa cac ion la) nén db thi trén
khong c6 dang duong thang véi moi gia tri cia nong do. Do vay biéu thic (2.1) co

dang:
A, =k e L(C)" (2.3)
Trong do:
C,: ndng do6 chat hap thu anh sang trong dung dich.
k: hang sb thuc nghiém.

b: hang s ¢6 giatri 0 < b < 1. N6 la mot hé s6 gan lién véi nong do C,. Khi Cy
nho thi b =1, khi C, I6n thi b < 1.

Déi voi mot chét phan tich trong mot dung méi xac dinh va trong mot cuvet co

bé day xac dinh thi € = const va 1 = const. Pat K = k..l ta co:
A, =K.Cy (2.4)

Phuong trinh (1.4) 14 co s& dé dinh lugng cac chat theo phép do phd hap thu
quang phan tir UV - Vis (phwong phép tric quang). Trong phan tich nguoi ta chi st
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dung ving ndéng do6 tuyén tinh giita A va C, ving tuyén tinh nay rong hay hep phu

thudc vao ban chat hap thu quang cia mdi chét va cac diéu kién thuc nghiém.
2.2.2. Phwong phdp phan tich dinh lweng bang hdap thu phan ti# UV-VIS

C6 nhiéu phuong phap khac nhau dé dinh lwong mot chat bang phuong phap UV
- Vis. Tur cac phuong phap don gian khéng can may moc nhu: phuong phap diy chuan
nhin mau, phuong phap chuin do so sanh mau, phuong phap can bing mau bing
mat... cac phuong phap nay don gian, khdng can may moc do phd nhung chi xac dinh
dugc ndng do gan dung cua chét can dinh lwong, né thich hop cho viéc kiém tra
ngudng cho phép ciia cac chat nao d6 xem co dat hay khong. Cac phuong phap phai sir
dung may quang phd nhu: phuong phap dwong chuan, phuong phép dy tiéu chuan,
phuong phap chuan do tric quang, phuong phap can bang, phuong phap thém, phuong
phap vi sai,... Tuy theo timg diéu kién va dbi twong phan tich cu thé ma ta chon
phuong phép thich hop. Trong dé tai nay, ching em st dung phuong phap duong

chuan dé dinh lwong xanh metylen va metyl da cam.

Phurong phdp dwong chuan

Tur phuong trinh co s& A = k.(Cy)° v& nguyeén tic, dé xay dung mot duong chuan
phuc vu cho viéc dinh lugng mot chat trude hét phai pha ché mot day dung dich chuén
c6 noéng do6 chat hap thu anh sdng nam trong ving nong do tuyén tinh (b = 1). Tién
hanh do d6 hap thu quang A cua ddy dung dich chuan. Tir c&c gia tri do hap thu quang
A do duoc dung d6 thi A = f(C). D6 thi A = f(C) goi 1a duong chuan.

Sau khi c6 duong chuan, pha ché cac dung dich can xac dinh trong diéu kién
giong nhu khi xay dung duong chuan. Po d6 hap thu quang A cia ching véi diéu kién
do nhu khi xay dung duong chuan (cing dung dich so sanh, cling cuvet, ciing buéc
song) duoc céc gia tri A,. Ap céc gia tri A, do dugc vao duong chuan s& tim duoc céc
gid tri ndng do C, twong tng.

2.3. Thuc nghiém
2.3.1. Thiét bj, dung cu, hoa chat

> Thiét bi, dung cu:

- Tu sy
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- May do pH Inolab 730
- Can phén tich c6 @ nhay 10 gam
- May JENWAY 6405 — UV/Vis Spectrophotometer.
- May khudy tir gia nhiét va cac dung cu thi nghiém khac nhu: cdc thiy tinh,
phéu thaty tinh, binh dinh mirc, binh tam gi4c, binh non, 6ng dong, pipet...
- May cit nuée
> Hoa chat
- Nudc cat
- Natri hydroxyt NaOH, axit clohydric HCI, xanh metylen C;¢H1sCIN3S.3H,0,

metyl da cam Cy4H14N305SNa. Céc hda chit si dung trong thi nghiém déu ¢am bao do
tinh khiét phan tich .
2.3.2. Chudn bi cac dung dich d@é khdo sat khd néing hdp phu xanh metylen va metyl

da cam cua vit ligu

> Chudn bi HCI 0,1000 M dé hiéu chinh gia tri pH cua dung dich xanh metylen

trong gua trinh khdo sat su hdp phu

Dung dich HCI ¢6 néng d6 0,1000 M duoc pha tir 6ng chuan fixanal bang céch:
Chuyén toan bd dung dich trong fixanal vao binh dinh mac 1000 mL, trang fixanal
bang nudc cat, thém nudc cat dén vach, day nap binh, lic déu thu dugc dung dich HCI
0,1000M.

> Chudn bi NaOH 0,1000 M dé hiéu chinh gia tri pH cua dung dich xanh

methylene trong qua trinh khdo sat six hdp phu

Dung dich NaOH 0,1000 M dugc chuan bi bang cach: Can 4,000 gam NaOH
ran cho vao cbc 250 mL, thém vao mat it nudc cat, khuay déu. Chuyén phan dung dich
trong cbc vao binh dinh mirc 1000 mL, trang cb¢ bang nuéc cat, thém nude cat dén
vach, day nap binh va lic déu. Sau d6 chuan héa lai ndng d6 bang dung dich HCI
0,1000 M vai chi thi metyl da cam.

» Chudn bi dung dich xanh metylen 1000 mg/L
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Dung dich xanh metylen 1000 mg/L dwgc chuan bi bang cach: can 1,1690 gam
xanh metylen rin vao coc 250 mL, thém mét it nude cat, khudy déu. Chuyén toan bo
dung dich trong céc vao binh dinh mac 1000 mL, trang lai céc bang nudc cat, thém

nuéc cat dén vach, dy nap binh va lic déu.
Céc dung dich c6 nong do nho hon déu duoc pha tir dung dich géc.

» Chudn bi dung dich metyl da cam 1000 mg/L

Dung dich metyl da cam 1000 mg/L duoc chuan bi bang cach: can 1,0000 gam
metyl da cam rin vao coc 250 mL, thém mot it nuéc cat, khudy déu. Chuyén toan bo
dung dich trong coc vao binh dinh mac 1000 mL, trang lai céc bang nudc cat, thém

nudc cat dén vach, day nap binh va lic déu.
Céc dung dich ¢6 nong do nho hon déu duoc pha tir dung dich géc.
2.3.2. Xar Iy mdu

L& théng st dung trong qua trinh nghién ctu 1a 14 thong ba 14 (Pinus Kesiya)
dugc thu thap tai khuén vién khoa Hoa hoc — Pai hoc Pa Lat. Pay la nhirng 14 théng
da rung, kho. La théng kho duoc rira sach dé loai bo hoan toan bui va cac chat ban
bam dinh, tién hanh ngdm bang nudc sach trong mot ngay. Sau dé rira lai bang nuéc
cat dén khi nuéc rira khong c6 mau nau duc, thao tac nay nhiam loai bo mau cua 14
thong c6 thé gay anh huong dén qué trinh xir Iy sau nay. Mau 1a thong dugc cat nho
v6i kich thuge khoang 2 cm, tién hanh siy kho & nhiét do 80°C cho dén khéi luong
khong doi (24 gid), nghién nho va riy dé co kich thudc trong khoang sau: 125 pm < d
< 212 um, sau d6 mau duoc nung yém khi tai nhiét d6 310°C thu duoc vat liéu hap
phu. Vat liéu duoc dung trong lo plastic, van chat va duoc bao quan ¢ nhiét do phong,

noi kho thoang.

Dé x4c dinh diém tich dién khéng cua vat liéu, chuan bi 10 binh tam giac chta
san 50 ml dung dich KCl1 0,1M, diéu chinh gié tri pH bang dung dich axit HCI 0,1N;
0,01N hoic NaOH 0,1N; 0,01N dé thu dugc céc gia tri pH; twong tng 2, 3, 4,5, 6, 7, 8,
9, 10 va 11. Cho 0,1 gam vat liéu vao cac binh trén, day kin, khudy trong 24 gio. Sau
d6, loc iy dung dich va do gia tri pH (goi 1 pHy). Lap d6 thi sy phu thudc ApH (pH; -
pHy) vao pH;. Biém cat truc hoanh tai gia tri ApH = 0 chinh la gia tri pH tai diém dién
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tich khdng cua vat liéu (pHp,c). Thi nghi¢ém dugc lap lai ba lan tng véi moi gia tri pH;
cua dung dich.

2.3.3. Khdo sat cac yéu té anh hwéng dén sw hdp phu xanh metylen va metyl da cam
cua vt ligu

Cach tién hanh: Lay 50 mL dung dich chira xanh metylen ¢ nong do biét trudc,
cho vao binh tam giac 100 mL da rtra sach va siy kho, sau d6 thém 0,1 gam vat liéu,
tién hanh lic dung dich véi toc d6 150 vong/phut, dé ling, loc liy dung dich, pha
lo&ng dung dich véi hé sb thich hop réi dem xac dinh ham lwong xanh metylen bang
phuong phap UV-VIS. Céc yéu té anh huong dén qua trinh hap phu dugc khao sat bao

gom:

» Khdo sat anh hirong cua pH

Tién hanh thi nghiém: Can 0,1 gam vat liéu vao binh tam gic 100 mL c6 chira san
50 mL dung dich xanh metylen néng d6 100 mg/L. Biéu chinh pH dung dich thay doi
tir 2+10, lac cac dung dich véi tée do 150 vong/phdt, thoi gian hap phu 180 phut, &
nhiét do phong (25+1°C). Loc lay phan dung dich, xac dinh ndng dé xanh metylen con
lai trong c&c dung dich sau hap phu bang phuong phap UV-VIS. Mdi gia tri pH lam 3

lan thi nghiém rdi lay gia tri trung binh.
Tién hanh thi nghiém tuwong tu doi véi metyl da cam.

» Khdao sat anh hwdng cua thoi gian

Tién hanh thi nghiém: Can 0,1 gam vat lidu vao binh tam giac 100 mL c6 chua
san 50 mL dung dich xanh metylen néng d6 100 mg/L. Biéu chinh pH =8, lic céc
dung dich véi toe d6 150 vong/pht, thoi gian hap phu thay doi tir 10 dén 240 phut, &
nhiét do phong (25+1°C). Loc lay phan dung dich, x4c dinh ndng d6 xanh metylen con
lai trong cac dung dich sau hip phu bing phuwong phap UV-VIS. M&i gia tri thoi gian

lam 3 1an thi nghiém roi 13y gia trj trung binh.
Tién hanh thi nghiém tuong ty ddi véi metyl da cam, chinh gia tri pH=7.

» Khdo sat dnh huéng cia nong dé ban dau

Tién hanh thi nghiém: Can 0,1 gam vat liéu vao binh tam giac 100 mL c6 chira sin
50 mL dung dich xanh metylen ndng d¢ thay ddi tir 50 dén 500 mg/L. Biéu chinh pH
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=8, lic cac dung dich vai tée do 150 vong/phut, thoi gian hap phu 120 phat, ¢ nhiét do
phong (25+1°C). Loc Iy phan dung dich, xac dinh ndng d6 xanh metylen con lai trong
cac dung dich sau hap phu bang phuong phap UV-VIS. Mdi gia tri nong d6 1am 3 lan
thi nghiém rdi lay gia tri trung binh.

Tién hanh thi nghiém tuwong tu doi véi metyl da cam, chinh gia tri pH=7.
2.3.4. Co so'tinh toan

Co—Ce

> Hiéu sudt hdp phu H% = -100
0
» Dung lwong hap phu qe = %
Trong do:

q 13 dung luong hap phu (mg/g)

Co la nong do dung dich ban dau (mg/L)

Ce la ndng d6 trong dung dich sau khi hip phu (mg/L)
m la khéi lugng vat liéu hap phu da dung (g)

V 14 thé tich dung dich (L)
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CHUONG 3 - KET QUA VA THAO LUAN

3.1. Két qua khao sat bwéc song hap thu téi wu, khoang ndng dd tuyén tinh va xay
dung dudng chuin caa xanh metylen va metyl da cam

3.1.1. Két qud khdo sdt buwéc song téi wu

Bang 3.1. Két qua khao sat budc séng hap thu tbi wu cua xanh metylen

Buéc
350 375 400 425 450 455 460 465
song (nm)

Abs 0,019 | 0,027 | 0,045 | 0,029 | 0,042 | 0,044 | 0,049 | 0,058

Buéc
470 480 500 550 600 650 700 750
song (nm)

Abs 0,065 | 0,0/3 | 0,091 | 0,240 | 0,932 | 1,818 | 0,184 | 0,017

1.5

Abs

0.5

300 400 500 600 700 800

-0.5
Budc song (nm)

Hinh 3.1. D6 thi xac dinh budc song hap thu téi vu cua xanh metylen

Két qua cho thay budc song téi wu khao sat xanh metylen 1 650nm.
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Bang 3.2. Két qua khao sat budc séng tdi uu cua metyl da cam

Buéc
) 300 350 430 440 450 460 470 480

song (nm)
Abs 0,041 | 0,047 | 0,065 | 0,104 | 0,136 | 0,209 | 0,452 | 0,535

Buéc
490 500 510 520 530 540 550 560

song (nm)
Abs 0,721 | 0,923 | 1,018 | 0,612 | 0,431 | 0,128 | 0,047 | 0,032

1.2

1

0.8

206

0.4

0.2

0
200 250 300 350 400 450 500 550 600

Két qua cho thdy budc song téi wu khao sat metyl da cam 1a 510 nm.

3.1.2. Két qud khdo sat khodng nong dg tuyén tinh

Budc song (nm)

Hinh 3.2. B4 thi xac dinh budc song téi wu cua metyl da cam

Chuan bi mot day cac dung dich xanh metylen c6 nong do tir 0,1 mg/L dén 13

mg/L va dung dich metyl da cam c6 nong do tir 1 mg/L dén 65 mg/L. Tién hanh do

phd hap phu phan tir ciia cac dung dich trén may quang pho UV-VIS véi Avs=650 nm

Va Avo= 510 nm. Véi su hd trg cia hé thdng may do quang va phan mém, xac dinh
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dugc khoang nong do tuyén tinh va thiét lap dugc duong chuan cua xanh metylen va
metyl da cam.

Bang 3.3. Két qua khao sat khoang nong do tuyén tinh caia xanh metylen va metyl da

cam
Xanh metylen Metyl da cam
Nong do Nong do
(mg/L) Abs (mg/L) Abs
0,1 0,039 1 0,027
0,5 0,065 5 0,066
1,0 0,239 10 0,241
2,0 0,408 15 0,354
3,0 0,532 20 0,507
4,0 0,652 25 0,619
5,0 0,775 30 0,685
6,0 0,902 35 0,800
7,0 1,036 40 0,915
8,0 1,139 45 1,036
9,0 1,250 50 1,101
10,0 1,339 95 1,183
11,0 1,439 60 1,215
12,0 1,440 65 1,216
13,0 1,452
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1.6
14

1.2

0.6
0.4 o

0.2

0 2 4 6 8 10 12 14
Nong do (mg/L)

Hinh 3.3. D6 thi khao sat khoang nong do tuyén tinh caa xanh metylen
Két qua khao sat cho thay, khoang tuyén tinh cua xanh metylen trong

phép do quang la: 1 — 10 mg/L.

14

1.2 B

0.8 °

Abs
°

0.6 ®
0.4

0.2

0 10 20 30 40 50 60 70
Nong do (mg/L)

Hinh 3.4. Db thi khao sat khoang ndng d6 tuyén tinh caa metyl da cam
Két qua khao sat cho thay, khoang tuyén tinh cua metyl da cam trong

phép do quang la: 10 — 50mg/L.
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3.1.3. Két qud xay dung dwong chudn

Tién hanh xay dung dudng chuan cua xanh metylen va metyl da cam trong khoang

nong do tuyén tinh di khao sat & trén, két qua duwoc thé hién trong Hinh

3.5va Hinh 3.6.

2.5

15

Abs

0.5

2.5

15

Abs

0.5

y = 0.2098x - 0.0921
R2=09949 _.-°
.
L
=3
s
‘
0.0 20 40 6.0 8.0 10.0

Nong d6 (mg/L)

Hinh 3.5. D6 thi dwong chuan ciia xanh metylen

s )
e
--',.."
.'..."
.".‘-.
.‘,.'.
.
o y = 0.0487x + 0.2025
L R2=0.9981
"

0 10 20 30 40 50

Nong do (mg/L)

Hinh 3.6. DB thi duong chuan cia metyl da cam

12.0

60
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3.2. Két qua xac dinh mot sé dic tinh caa vat liéu

3.2.1. Hinh d@nh bé mdt cia vat li¢u

Hinh anh SEM cua vat liéu trén Hinh 3.7. cho thay bé mat vat liéu thé, nhiéu 15
tréng va kich thudc cac 16 trong kha dong déu nhau. Ngoai ra, két qua phan tich phd
EDX (Hinh 3.8.) cho thay thanh phan chinh cua vat liéu bao gém carbon va oxy voi ty
1é twong @ng 1a 66,47% va 33,53% vé khéi lugng.

J
&

Flemext

CE
Ok

Hinh 3.8. Phé EDX va thanh phan héa hoc cua vat lidu

38



3.2.2. Két qud khdo sdt diém dién tich khong (pHpzc)
Két qua xac dinh pH,, ctia vat li¢u dugc trinh bay & Bang 3.4 va Hinh 3.9.

Bang 3.4. Két qua khao sat diém dién tich khong cua vat liéu

pH; pHs ApH
2,00 2,28 -0,28
3,01 3,57 -0,56
3,99 4,95 -0,96
5,00 6,22 -1,22
6,00 6,74 -0,74
7,09 7,34 -0,25
8,05 7,76 0,29
9,02 7,84 1,18
10,03 8,12 1,91
11,01 8,13 2,88
ApH-
4
5
pH
0 T T T T T |
4 6 8 10 12
2

Hinh 3.9. Db thi xac dinh diém dién tich khong cua vat liéu
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Két qua thu dugc cho phép du doan diém dién tich khéng cua vat liéu ¢ khoang
7,5. Nhu vay, khi pH cua dung dich nhé hon 7,5 thi bé mit caa vat liéu hip phu mang
dién tich duong va s& hap phu anion tét hon. Nguoc lai, néu pH dung dich 16n hon 7,5
thi b& mat vat liéu mang dién tich am va s& hip phu cation tét hon [15]. Do d6, dua
Va0 pH,,. €6 thé du dodn kha ning hap phu cua vat lidu d6i voi xanh metylen va metyl

da cam & gia tri pH bat ky [16].

3.2. Két qua khao sat mét sé yéu té6 anh hwéng dén kha ning hip phu xanh
metylen va metyl da cam caa vat li¢u

3.2.1. Khdo sét @dnh hweng cua pH dung dich

Két qua nghién ciu anh huong caa pH dung dich dén kha niang hap phu xanh
metylen va metyl da cam cua vat li¢u dugc trinh bay trong Bang 3.5 va minh hoa &
Hinh 3.10.

Bang 3.5. Anh huong cua pH dung dich dén kha nang hap phu xanh metylen va metyl

da cam cua vat liéu (thoi gian khuay 180 phat; 0,1g vat liéu; ndng d6 dung dich

100mg/L)
c Xanh metylen Metyl da cam
0
pH (mg/L) Ce H q Ce H q

(mg/L) | (%) | (mg/g) | (mg/L) | (%) |(mglg)
2 100,00 | 24,36 |7564| 37,82 | 1944 |80,56| 40,28

3 100,00 | 23,40 | 76,60 | 38,30 19,89 |80,11 | 40,06

4 100,00 | 21,39 |78,61| 39,31 19,45 | 80,55 | 40,28

5 100,00 | 19,87 |80,13| 40,07 18,22 | 81,78 | 40,89

6 100,00 | 16,04 |83,96| 41,98 18,03 |81,97 | 40,99

7 100,00 | 14,78 |85,22| 42,61 20,45 | 79,55 | 39,78

8 100,00 | 11,43 | 88,57 | 44,29 24,83 | 7517 | 37,99

9 100,00 | 11,42 | 88,58 | 44,29 27,67 | 72,33 | 36,17
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‘ 10 ‘100,00‘ 11,40 ‘88,60‘ 44,30 ‘ 29,01 ‘70,99‘ 35,50 ‘

Anh huéng cia pH
50.00

45.00

40.00

35.00

30.00

q (mg/qg)

Xanh metylen
25.00

Metyl da cam
20.00

15.00

10.00
0 2 4 6 8 10 12

pH

Hinh 3.10. Su phu thudc dung lwong hap phu xanh metylen va metyl da cam cua vat

liéu vao pH dung dich

Céc két qua nghién cau chi ra rang trong mién pH khao sat dung luong hap
phu xanh metylen ting khi pH ting. Diéu nay c6 thé duoc giai thich nhu sau, & gia tri
pH thap (néng do H' cao) thi xay ra sy hap phu canh tranh giira ion H* va cation MB”,
do d6 1am giam dung lugng hap phu xanh metylen cua vat ligu. Véi gia tri pH=8 thi bé
mat vat liéu tich dién &m, tao diéu kién thuan lgi cho su hap phu cation MB* [17].

Nguoc lai, dung lwong hap phu metyl da cam giam khi pH ting. Diéu nay c6
thé duoc giai thich nhu sau, & pH cao, metyl da cam ton tai & dang anion MO’, khi d6
xay ra sy hap phu canh tranh giita anion véi ion OH" trong dung dich nén dung luong
hap phu cua vat liéu d6i vai dung dich nghién ciru giam [19].

Vi vay, véi cac két qua thu duoc, ching tdi nhan thiy gia tri pH téi wu cho qua
trinh hap phu xanh metylen va metyl da cam cua vat liéu lan luot 14 6,0 va 8,0. Céc két

qua nghién ciru nay ciing phu hop véi két qua xac dinh diém dang dién cua cac vat
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licu. Ngoai ra, dung luong hap phu xanh metylen va metyl da cam tai pH t6i vu cia

vat li¢u tang theo tht tu nhu sau: quo < qus-

3.2.2. Khdo sat dnh hwong ciaa thoi gian

Két qua khao sat anh huong cua thoi gian lic dén kha nang hip phu xanh
metylen va metyl da cam cua vat liéu duoc trinh bay trong Bang 3.6 va minh hoa &
Hinh 3.11.

Bang 3.6. Anh huong cua thoi gian dén kha nang hap phu xanh metylen va metyl da

cam cua vat lidu (pHwe=8, pHmo=6; 0,1g vat liéu; nong do dung dich 1a 100mg/L)

Thoi c Xanh metylen Metyl da cam
. 0
gian H q H q
ohay | MY | camony | Ce(mg/L) |
(%) | (mg/g) (%) | (mglg)

10 100,00 43,82 56,18 | 28,09 45,82 54,18 | 27,09

20 100,00 41,66 58,34 | 29,17 41,35 58,65 | 29,33

40 100,00 30,39 69,61 | 34,81 37,39 62,61 | 31,31

60 100,00 22,72 77,28 | 38,64 29,72 70,28 | 35,14

90 100,00 19,10 80,90 | 40,45 26,10 73,90 | 36,95

120 100,00 12,68 87,32 | 43,66 19,68 80,32 | 40,16

150 100,00 11,46 88,54 | 44,27 18,07 81,93 | 40,97

180 100,00 11,42 88,58 | 44,29 18,03 81,97 | 40,99

210 100,00 11,38 88,62 | 44,31 18,12 81,88 | 40,94

240 100,00 11,32 88,68 | 44,34 18,14 81,86 | 40,93

Nhan xét: Khi thoi gian hap phu ting thi dung lugng hap phu ting. Trong khoang thoi
gian tir 10 dén 120 phat dung lwong hap phu ting twong ddi nhanh va dan 6n dinh
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trong khoang thoi gian tir 150+ 240 pht. Do vay, thoi gian dat can bang hap phu 1a
150 phut. Két qua nay duoc sir dung cho cac thi nghiém tiép theo.
Ngoai ra, dung luong hip phu xanh metylen va metyl da cam tai thoi diém cén bang

cua vat liéu tang dan theo tht tu nhu sau: Jmo < Jms-

Anh huéng ciia thoi gian

50.00
45.00
40.00
35.00
5 30.00
£ 25.00
520,00
15.00
10.00
5.00
0.00

m Xanh metylen
= Metyl da cam

10 20 40 60 90 120 150 180 21
thoi gian (phut)

o

240

Hinh 3.11. Su phu thudc dung lwong hdp phu xanh metylen va metyl da cam cuaa vat

liéu vao thoi gian
3.2.3. Khdo sat @anh hwéng ciia nong dp ban diu

Két qua khao sat anh huéng cia nong do xanh metylen va metyl da cam ban
dau dén kha ning hap phyu xanh metylen va metyl da cam cuaa vat liéu duogc trinh bay
trong Bang 3.7 va minh hoa ¢ Hinh 3.12.

Bang 3.7. Anh huong cua nong d6 xanh metylen va metyl da cam ban dau dén kha

nang hap phu cua vat lidu (pHws=8, pHmo=6; 0,1g vat liéu; thoi gian lic 150 pht)

c Xanh metylen Metyl da cam

0

(mg/L) Ce q H Ce q H
(mg/L) | (mg/g) | (%) | (mg/L) | (mglg) | (%)

100,00 | 11,45 44,28 | 88,55 | 18,05 40,98 | 81,95




150,00 | 30,07 59,97 | 79,95 | 33,87 58,07 | 77,42

200,00 | 41,67 79,17 | 79,17 | 44,59 771 | 77,71

250,00 | 74,28 87,86 | 70,29 | 78,79 85,61 | 68,48

300,00 | 90,78 | 104,61 | 69,74 | 96,72 | 101,64 | 67,76

350,00 | 132,12 | 108,94 | 62,25 | 137,34 | 106,33 | 60,76

400,00 | 159,68 | 120,16 | 60,08 | 165,65 | 117,18 | 58,59

450,00 | 198,34 | 125,83 | 55,92 | 210,45 | 119,78 | 53,23

500,00 | 255,89 | 122,06 | 48,82 | 270,89 | 114,56 | 45,82

Anh huéng ciia ndng do

100.00

90.00

80.00 Xanh metylen

Metyl da cam
70.00

H(%)

60.00 —

50.00 N

40.00

30.00

0.00  100.00 200.00 300.00 400.00 500.00
Co (mg/L)

Hinh 3.12. Sy phu thudc hiéu suat hap phu cua vat liéu vao nong do ban dau cua xanh

metylen va metyl da cam

Nhgn xét: Két qua nghién ctiu cho thay, hiéu suat hap phu xanh metylen va metyl
da cam giam khi ting nong do dung dich ban dau. Piéu nay cd thé giai thich rang, vi
khéi lugng vat liéu duoc giir ¢b dinh nén sé lwong tdm hap phu 1a ¢b dinh, do d6 khi ¢
ndng do thap, lugng chéat hap phu it, kha nang hap phu 1 hoan toan, hiéu suat hap phu

cao. Khi & nong do6 cao, lugng xanh metylen va metyl da cam nhiéu, vugt qua so Voi
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s6 luong tdm hap phu cho nén s& con nhiéu chat hap phu khéng bi hap phu, do d6 hiéu
suat hap phu s& giam di [25].
3.3. Nghién ciru ddng hec hap phu

Két qua nghién ciru dong hoc hap phu bac nhat va bac hai caa qué trinh hap phu
xanh metylen va metyl da cam trén vat liéu dugc thé hién lan luot trén cac Bang 3.8,
Bang 3.9, Bang 3.10 va Hinh 3.13, Hinh 3.14.

3.3.1. Pgng hoc hdp phu xanh metylen cia vit li¢u

Bang 3.8. Két qua khao sat dong hoc hap phu xanh metylen trén vat liéu

Thoi
. Co Ceb q H log(en -
gian t/qt
.. [ (mg/L) | (mg/L) | (mg/g) | (%) a)
(phuat)
10 100,00 | 43,82 | 28,09 | 56,18 | 0,36 1,23
20 100,00 | 41,66 | 29,17 | 58,34 | 0,69 1,20
40 100,00 | 30,39 | 34,81 | 69,61 | 1,15 1,01
60 100,00 | 22,72 | 38,64 | 77,28 | 1,55 0,80
90 100,00 | 19,10 | 40,45 | 80,90 | 2,22 0,66
120 | 100,00 | 12,68 | 43,66 | 87,32 | 2,75 0,13
150 | 100,00 | 11,46 | 44,27 | 88,54 | 3,39
180 | 100,00 | 11,42 | 44,29 | 88,58 | 4,06
210 | 100,00 | 11,38 | 44,31 | 88,62 | 4,74
240 | 100,00 | 11,32 | 44,34 | 88,68 | 5,41
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log(qe-qt)
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t (phnt)
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5.00
4.00
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0.00

Dong hoc bac hai

y=0,0214x + 0,233 ,.®

R2=0.9991 .®"
.‘.."

100
t (phut)

Hinh 3.13. Bong hoc hap phu xanh metylen

3.3.2. Bong hoc hdp phu metyl da cam caia vt liéu

200

Bang 3.9. Két qua khao sat dong hoc hap phu metyl da cam

300

Thoi
STT | gian Co G q H(%) | t/qt 19(0ke -
(oht) (mg/L) | (mg/L) | (mg/g) oh)
1 10 | 100,00 | 45,82 | 27,09 | 54,18 | 0,37 1,14
2 20 | 100,00 | 41,35 | 29,33 | 58,65 | 0,68 1,07
3 40 | 100,00 | 37,39 | 31,31 | 62,61 | 1,28 0,99
4 60 100,00 | 29,72 | 35,14 | 70,28 1,71 0,77
5 90 | 100,00 | 26,10 | 36,95 | 73,90 | 2,44 0,61
6 120 | 100,00 | 19,68 | 40,16 | 80,32 | 2,99 -0,08
7 150 | 100,00 | 18,07 | 40,97 | 81,93 | 3,66
8 180 | 100,00 | 18,03 | 40,99 | 81,97 | 4,39
9 210 | 100,00 | 18,12 | 40,94 | 81,88 | 5,13
10 240 | 100,00 | 18,14 | 40,93 | 81,86 | 5,86
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Pong hoc bac nhat Dong hoc bac hai

1.50 7.00
. 5.00 .

o 0 B _ 4.00 ‘

% 0.00 e = 300 o

& 0 50 100 isa. 200 5 00 »

~ 050 —n - -

y=-0.0102x + 1,326 ’ 100 g
-1.00 R7=0,9127 000 *
_ 0 100 200 300
-1.50 t (phit) t (phut)
Hinh 3.14. Bong hoc hap phu metyl da cam
Bang 3.10. Céac tham s6 dong hoc hap phu

, Pong hoc bac 1 Pong hoc bac 2
Chat bi Qe exp
hf‘p phu R? Qe, cal K, (phL'Jt-l) (mg/g) R? Qe, cal kz

(mg/g) (mg/g) | (9/mg.phu)
Xanh
0,9604 | 23,95 0,0221 44,27 10,9991 | 46,73 0,002
metylen
Metyl da
0,9127 | 21,18 0,0235 40,97 [0,9985| 43,10 0,0022
cam

Nhgn xét:

Dbi vai su hap phu xanh metylen va metyl da cam bang vat liéu 14 thong c6 xi
ly nhiét, mé hinh dong hoc hap phu biéu kién bac hai cho méi quan hé tuyén tinh voi
hé s6 twong quan cao R” = 0,9991 véi xanh metylen va R? = 0,9985 vé&i metyl da cam,
cac tham sé g (Mg/g) tinh toan tir mé hinh dong hoc biéu kién bac hai gan véi qe thuc
nghiém. Mo hinh dong hoc hap phu biéu kién bac nhat ciing cho mdi quan hé tuyén
tinh vai hé sé tuong quan kha cao R? = 0,9604 vé&i xanh metylen va R = 0,9127 voi
metyl da cam; tuy nhién, cac tham sé ge (mg/g) tinh toan tir md hinh dong hoc biéu
kién bac nhat lai khéng phu hop véi ge thuc nghiém nén cé thé két luan rang mé hinh
hap phu biéu kién bac hai 1a md ta tét nhat cho qua trinh hap phu xanh metylen va

metyl da cam cua vat liéu [22].
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3.4. Nghién ciru dang nhiét hap phu

3.4.1. Nghién cizu diang nhiét hdp phu xanh metylen

Bang 3.11. Két qua nghién ciru dang nhiét hap phu xanh metylen

o Ce d H(%) | C./q | logq log C
0 ch cb cb
(mg/L) | (mg/L) | (mg/g)
100,00 | 11,45 | 44,28 | 88,55 | 0,26 1,65 1,06
150,00 | 30,07 | 59,97 | 79,95 0,5 1,78 1,48
200,00 | 41,67 | 79,17 | 79,17 0,53 1,9 1,62
250,00 | 74,28 | 87,86 | 70,29 | 0,85 1,94 1,87
300,00 | 90,78 | 104,61 | 69,74 | 0,87 2,02 1,96
350,00 | 132,12 | 108,94 | 62,25 | 1,21 2,04 2,12
400,00 | 159,68 | 120,16 | 60,08 | 1,33 2,08 2,2
450,00 | 198,34 | 125,83 | 55,92 | 1,58 2,1 2,3
500,00 | 255,89 | 122,06 | 48,82 2,1 2,09 2,41
Langmuir Freundlich
25 22
2 | y=00071x +02435 .® > Kl
R2=0.9919 2 e
LS o © 19 o
D o ® o0
© 218 o
» 1.7
0.5 |98 L6 ¢ y=03497x +1.2942
¢ ' R?=0.9639
0 1.5
0.00 100.00  200.00  300.00 0.5 1 1.5 2 2.5
Ce log Ce

Hinh 3.15. D6 thi dudng dang nhiét hiap phu xanh metylen theo Langmuir va

Freundlich.
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3.4.2. Nghién cizu ddang nhiét hap phu metyl da cam
Bang 3.12. Két qua nghién ciru ddng nhiét hip phu metyl da cam
Co (Mg/L) G T o) | cyg |logae | TogC
0 0 ch ch ch
(mg/L) | (mg/g)

100,00 18,05 40,98 | 8195 | 0,44 1,61 1,26

150,00 33,87 58,07 | 77,42 | 0,58 1,76 1,53

200,00 44,59 77,71 | 77,71 | 0,57 1,89 1,65

250,00 78,79 85,61 | 68,48 | 0,92 1,93 1,9

300,00 96,72 101,64 | 67,76 | 0,95 2,01 1,99

350,00 137,34 | 106,33 | 60,76 | 1,29 2,03 2,14

400,00 165,65 | 117,18 | 58,59 | 1,41 2,07 2,22

450,00 210,45 | 119,78 | 53,23 | 1,76 2,08 2,32

500,00 270,89 | 114,56 | 4582 | 2,36 2,06 2,43

Langmuir Freundlich
25 29
. e o
) y= O.QOTJX + 0.2845“___.-~ 2.1 ...-"
R =0.9905 ¢ 2 °®
o 15 =5 2, .
B I i oD L S
SIS . 218 e
‘ 17 ‘ y=0.3954x + 1.1717
5 oo ’ R2=10.9191
0.5 |'e 16 | o
0 1.5
0,00 100,00 200,00 300.00 1 1.5 2 2.5
Ce log Ce

Hinh 3.16. D6 thi dudng dang nhiét hap phu metyl da cam theo Langmuir va

Freundlich.
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Nhén xét:

v/ Tir phuong trinh dang nhiét hdp phu Langmuir dang tuyén tinh, xac dinh
dung lugng h?ip phu cuc dai cua vat licu ddi v&i xanh metylen 1a 140,85 mg/g, ddi véi
metyl da cam 1a 136,99 mg/gva hing s trong phuwong trinh Langmuir K, (L/mg) nhu
bang 3.13.

v/ Tir phuong trinh ding nhiét hiap phu Frendlich dang tuyén tinh, xac dinh
duoc hing sb Frendlich Kg (L".g) va hé sé n nhu bang 3.13. Gi4 tri n thu duoc nim
trong khoang tir 1+10 14 khoang thuén loi cho su hdp phu, ching to 14 thong ba 14 1a

vat liéu hap phu tot xanh metylen va metyl da cam trong méi trudng nude [25].

Bang 3.13. Cac tham s dang nhiét hap phu

Gia tri cac tham so
Chat bj M6 hinh Langmuir M©6 hinh Freundlich
hap phu
fmax K. (L.mg) | R? Ke (L".g) Nn R?
(mg/g)
Xanh
140,85 0,0292 0,9919 19,6879 2,8596 | 0,9639
metylen
Metyl da
136,99 0,0257 0,9905 14,8491 2,5291 |0,9191
cam

Su hép phu metyl da cam cua vat liéu hép phu tur 14 thong dugc miéu ta kha tot
theo 2 mé hinh, diéu nay dugc thé hién ¢ hé sé hdi quy cua phuong trinh déu kha cao.
Tuy nhién hé sé hdi quy ciia phuong trinh Langmuir (R > 0,99) 16n hon so v6i hé s6
hdi quy ctia phuong trinh Frendlich. Chtng t6 sy hdp phu metyl da cam theo mé hinh
dang nhiét hap phu Langmuir phtt hgp hon so véi mé hinh Frendlich.

Ngoai ra, dung luong hip phu xanh metylen va metyl da cam cuc dai tinh toan

tir phuong trinh Langmuir cta vat liéu ting dan theo thir tu nhu sau: quo < Qus.[24]
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KET LUAN VA KIEN NGHI

Két luin:

Sau mat thai gian nghién ctru va tién hanh thyc nghiém, ching t6i da thu duoc
mot s6 két qua nhu sau:

v Di ché tao duoc vat liéu hap phu tir 1a théng ba 14 thu tai Da Lat (vat liéu co xu
ly nhi¢t). X4c dinh dugc diém dang dién cia vat lidu pH, 1 khoang 7,5.

v P khao sat va tim duogc cac diéu kién téi wu dé hap phyu xanh metylen va metyl
da cam trong nuéc cua vat liéu nhu sau: pH=8 d6i vai vat liéu xanh metylen va pH=6
d6i voi metyl da cam, thoi gian dat can bang hap phu Ia 150 pht.

v Qua trinh hap phu xanh metylen va metyl da cam 1én vat liéu tuan theo dong hoc
biéu kién bac hai; hé sé tuong quan cao (R* > 0,99).

v Xay dung dudng dang nhiét hap phu cua vat liéu ddi voi xanh metylen va metyl
da cam theo mé hinh Langmuir va Freundlich. Ttr phuong trinh dang nhiét hap phu
Langmuir dang tuyén tinh, xac dinh dung luong hip phu cuc dai cua xanh metylen va
metyl da cam lan Iuot 14 140,85 mg/g va 136,99 mg/g.

Kién nghi:

Do con nhiéu han ché vé thoi gian, diéu kién nghién ctu ¢ phong thi nghiém
cling nhu kha nang nam bat ciia ngudi nghién ctru nén trong dé tai con nhiéu thiéu sot.
Viy nén chung t6i xin dwa ra mot s6 dé xuét dinh huéng cho cac nghién cuu tiép theo:

v’ Giai thich co ché hap phu metyl da cam cua hai loai vat ligu, dé xuat quy trinh
hoat hoa vat liéu toi uu.

v Tiép tuc nghién ctiu kha nang hap phu metyl da cam cua vat lidu hap phy trong
diéu kién dong. Nghién ctu kha nang giai hap dé tai sinh vat liéu hap phu.

v Tién hanh nghién ctu kha niang hap phu metyl da cam bang vat liéu ty nhién
khéc. Ung dung 14 thong ba 14 dé xir Iy thuéc nhudm déi véi mau nude thai trong thuc
té dé danh gia loi ich kinh té khi str dung 14 théng lam chat hap phu xi ly nuéce thai 6

nhiém thudc nhuém.
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MO DAU
Viét Nam 12 mot qudc gia co dién tich trai dai doc theo bd bién, 1anh hai rong Ion
trong d6 ving trung du va mién nii chiém % dién tich véi nhiéu ving dia ly va khi hau
khac nhau nén nudc ta co tinh da dang sinh hoc cao. Mat khac Viét Nam nam trong khu

vuc nhiét d6i gié mua do d6 rat thuan loi cho hé thuc vat sinh trudng va phat trién.

Cung véi su phat trién khoa hoc hién nay nguoi ta da phat hién ra nhiing hop chat
thién nhién c6 nhiéu hoat tinh sinh hoc trong céc loai cay. Hop chat thién nhién dong
vai trd quan trong trong doi séng cua ching ta. Ching duoc tng dung mét cach hiéu
qua trong cong nghiép duoc pham, huong liéu, thuc pham. Ngay nay thao dugc van
dong vai tro rat quan trong trong viéc san xuat dugc pham nhu 13 ngudn nguyén liéu
truc tiép, gian tiép hoac cung cip nhitng chat din duong cho viéc tim kiém cac biét dugc
méi. Trong s6 cac nhom cay tai nguyén thuc vat thi nhom cay chia tinh dau chiém vi
tri quan trong. Tinh dau Ia mot dang chat long chira cac hop chat thom dé bay hoi dugc
cat xuét bang cach chung cit hoi nudc hoic ép lanh, tir 14 cdy; than cdy; hoa; vo cay; ré
cay; hoic nhitng bo phan khéc cua thuc vat. Nhimg nim gan ddy nhom cay cho tinh dau
da va dang dugc quan tam nghién ctu. Trong hé thuc vat nudc ta, nhdm cay cho tinh
dau rat da dang va phong phu. Bén nay da thong ké duoc c6 khoang 657 loai thudc 357
chi va 114 ho trong d6 mét sé ho phd bién mang lai nguén duoc liéu phong pha nhu ho
Gung (Zingiberaceae), ho Long ndo (Lauraceae), ho Hoa méi (Lamiaceae), ho Cam
(Rutaceae),...Trong ho Cam (Rutaceae) hau hét cac chi ciia n6 déu c6 kha ning cho tinh

dau.

Chi Sén (Zanthoxylum) con goi la chi Xuyén tiéu hay chi Hoa tiéu, chi Hoang mac,
la mot chi thudc ho Cam (Rutaceae) véi khoang 250 loai trén thé gigi, phan bé cha yéu
& ving nhiét déi, nhiéu nhat & Nam My sau dén viing Pong Nam A, chi c6 mot sb it loai
& ving on d6i 4am Pong A, Biac My, cac quan dao ¢ Thai Binh Duong va Australia. O
Viét Nam, chi Zanthoxylum c6 khoang 13 loai, phan bd ¢ cac viing ven rimg do6 cao
1000-1500m & khap ca nuéc.

Chi Zanthoxylum c6 chua tinh dau, trong tinh dau chi yéu 1a cac hop chat nhom
terpenoid. Bo phan chira tinh dau thuong tap trung ¢ qua, 14 va mot lugng nho o ré. Mot
diéu dic biét khién cac nha khoa hoc chi y ti d6 1a tinh dau cua loai nay c6 mui thom

dic trung theo ting loai, thanh phan hda hoc ciing rat da dang. Thanh phan cha yéu


https://vi.wikipedia.org/wiki/Ch%E1%BA%A5t_l%E1%BB%8Fng
https://vi.wikipedia.org/wiki/H%E1%BB%A3p_ch%E1%BA%A5t_th%C6%A1m
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trong mot sb loai Zanthoxylum la sabinene , terpinen-4-ol, linalool, a-phellandren, B-
caryophyllen ,... (Bhattacharya va Zaman, 2009; S. R. Virendra va cs., 2008; N.
Wongkattiya va cs., 2018). Tinh dau qua Zanthoxylum rhetsa véi thanh phan chinh 1a
sabinene (22,5%) va terpinen-4-ol (32,3%) va tinh dau qua Zanthoxylum limonella véi
thanh phan chinh 1a limonen (57,9%) va a-phellandren (15,5%) c6 kha niang @c ché hai
dong té bao ung thu vii (MCF-7 va MDA-MB231).

Lam Pong c6 dia hinh tuong d6i phtc tap cha yéu 13 binh nguyén, ndi cao dong thoi
cling c6 nhimng thung ling nhé bang phang, nam trong khu vuc chiu anh huéng cua khi
hau nhiét doi gié mua bién thién theo d6 cao, cang Ién cao nhiét d6 cang giam da tao
nén nhiing yéu té tu nhién khac nhau vé khi hau, thd nhudng, thuc dong vat, ... Nhiét
d6 trung binh nim cua tinh dao dong tir 18 — 25°C, thoi tiét 6n hoa va mat mé quanh
nam, thudng it c6 nhitng bién dong Ion trong chu Ky ndm. Trong nim c¢6 2 mua rd rét;
mua mua tir thang 5 dén thang 11, mua kho tir thang 12 dén thang 4 nam sau. Luong
mua trung binh 1,750 — 3,150 mm/nam, d6 4m twong ddi trung binh ca nam 85 — 87%,
sb giod nang trung binh ca nam 1,890 — 2,500 gid, thuan loi cho phét trién cac loai cay
trdng, vt nudi ¢6 ngudn gbc on doi. Pay 1a ngudn tai nguyén quy bau ma thién nhién
danh ting cho ching ta. Hién nay cong tac diéu tra va danh gia tinh da dang cua thyuc
vat di va dang duoc tién hanh, trong d6 chi Sén (Zanthoxylum) mét chi thuéc ho Cam
(Rutacae) 1a chi kha da dang vé thanh phan loai véi khoang 250 loai, nhiéu loai dugc sir
dung phé bién trong céc bai thudc dan gian. Day khong chi 1a ngudn nguyén liéu chta
tinh dau ma trong d6 con chua cac hop chét ¢ hoat tinh sinh hoc cao, ¢é trién vong
trong y duoc. Tuy nhién, nghién cizu chuy@n sau vé cac loai noi trén con it, chua xung
VGi tiém nang san ¢ & ddy. Vi vay, ching t6i chon dé tai: “Nghién ciru thanh phan
tinh dau & mat so6 loai thudc chi Sén (Zanthoxylum) mec tw nhién ¢ LAm Pong” dé
g6p phan xac dinh thanh phan hoa hoc va tim kiém ngudn nguyén liéu cho nganh hoa

dugc, huong liéu tu chi Sén (Zanthoxylum).

Muc tiéu dé tai 1a xac dinh thanh phan tinh dau mot sé loai thuoc chi Sén

(Zanthoxylum) moc tu nhién ¢ Lam Dong.
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Dé thuc hién dugc muc tiéu trén, dé tai da thuc hién cac ndi dung nghién ciu sau:

- Nghién ctu chiét tach tinh dau bang phwong phap chung cét 16i cuén hoi nuéc,

- Phan tich thanh phan tinh dau bang phuong phap phan tich sac ky 16p mong va sac
ky khi khéi phé (GC-MS).

- Thir hoat tinh doc té bao cua tinh dau.



CHUONG 1 - TONG QUAN TAI LIEU
1.1 Giéi thig¢u vé chi Zanthoxylum
1.1.1 Gigi thigu chung

Chi Sén (Zanthoxylum) con goi la chi Xuyén tiéu hay chi Hoa tiéu, chi Hoang mac,

Ia mot chi thuoc ho Cam (Rutaceae).

Cay bui doi khi bui truon, cay go 16n hoic cay go leo, thuong xanh hoic rung 14, don
tinh khéc gdc, it khi 1a don tinh cung gdc. Than va canh thuong ¢ gai. L4 moc so le, 14
kép 16ng chim 1¢&, sé luong 14 chét rat thay doi tir 3 - nhiéu la chét moc so le hay ddi;
mép 14 nguyén hay co ring cua nho, giita khe cac rang cua thudng cé tuyén tinh dau
turong dbi to. Cum hoa hinh chlly hay chim, chim kép moc & dau canh hay ¢ nach Ia.
Bao hoa gom hai 16p, c6 thé phan biét dai trang, 4-5 14 dai va 4-5 canh trang; hoic khong
phan biét dai trang v6i 5-9 bo phan. Pai hoa c6 thé roi hodc hop. Tién khai hoa van hay
van. Bo nhi gébm 4-5 nhj roi & hoa phan biét dai trang, hoa khong phan biét dai trang co
3-8 (-10) nhi, bj tiéu giam hozic khéng cd & hoa céi. Bo nhuy gdm 1-5 14 noan roi, mdi
14 nodn c6 1-2 nodn, tiéu giam hoic khong c6 ¢ hoa duc, nodn dinh bén, c6 cudng bau;
bau nhin, voi nhuy hop hoic roi nhau, hoi cong; nim nhyy dang dau. Qua nang, vo
ngoai c6 diém dau; khi chin vé qua trong roi nhau, méi manh qua c6 1-2 hat, dinh trén
cudng nodn phinh to; rén hat dang soi ngin, phang, vo hat gion, mau nau den, bong; noi
nhil nac. Hat hinh tréng hodc gan hinh cau, mau den hoic gan do béng (Trung H.
D.,2018).

Trén thé gioi co khoang 250 loai, cay than gd va cay co bui c6 14 sém rung hoic 14
thuong xanh (Negi J. S. va cs., 2011). Phan bb chu yéu & ving nhiét d6i, nhiéu nhat &
Nam M3 sau dén ving Pong Nam A; chi ¢c6 mot s6 it loai & ving 6n déi am Pong A,
Bac My, cac quan dao ¢ Thai Binh Duong va Australia. Nguoi dau tién nghién ciu va

dat tén Zanthoxylum cho chi Sén la Linnaeus (1753).

O Viét Nam, chi Zanthoxylum c6 khoang 13 loai, phan b ¢ cac ving ven rimg do
cao 1000-1500m & khap ca nugc (Ha B. T., 2012, Duy N. B., 2018).
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Bang 1.1. C&c loai thugc chi Zanthoxylum tai Viét Nam

STT Tén khoa hoc Tén tai Viét Nam Phan bd
1 Z. acanthopodium Sén Binh Phuéc, Lam
Pdng
2 Z. armatum Sén gai Lao Cai
3 Z. evodiaefolium Hoang moc phi, Khanh Hoa, Lam Dong
déng cay 3 14
4 Z. cucullipetalum Hoang moc canh bau Khanh Hoa, Ninh
Thuan
5 Z. avicennae Mudng trudng, sén lai, | Hoa Binh, Lang Son,
budn chudn, hoang moc Thira Thién Hué,
dai, sén lai Quang Nam, Pa Nang
6 Z. laetum Hoang mac sai Lang Son
7 Z. myriacanthum Hoang moc nhiéu gai, | Lao Cai, Ha Noi, Lam
sén 14 to DPdng
8 Z. nitidum Xuyén tiéu, hoang lyc, | Lao Cai, Bic Giang,
hoa tiéu Lang Son, Ha Tinh,
Nghé An, PakLak
9 Z. rhetsa Hoang mac héi, coc Pong Nai, mién Nam
hoi, vang me, sén hoi nudc ta
10 Z. scabrum Day khic dung Thanh Hoa
11 Z. scandens Hoang moc leo, dang | Lang Son, Ha Noi, Cao

cay leo

Bang, Lao Cai, Ninh
Binh, Lam Ddng




12 Z. anthyllidifodium Sén Pa Nang Pa Nang

13 Z. usitatum Xubng, moong tu Podng Nai

1.1.2 Thanh phan héa hec (Duy N. B., 2018)

Chi Zanthoxylum da dang va phong pht vé mit hda hoc, dic biét la cac alkaloid, chat

thom, cht béo, sterol, lignan va coumarin.

Céc alkaloid c6 trong mét s6 loai thugc chi Zanthoxylum:

Nitidine chloride Chelerythrine chloride

OCH;
S\ H3CO ‘ O
H;CO “~0 CI b

OCH; \CH3

Skimmianine Fagaronine chloride



| ~ /N Cl
N N OCH;
o7 F OCHj;
Cathin-6-one Berberin chloride

Céc amit béo cd trong mat sé loai thudc chi Zanthoxylum:

e
HaC— (CHz)4— CH == CH—CO— NH—CH,—CH—CHj

(2E, 4E)-N-isobutyl-2,4-decadienamide

e
H3C— (CH,)g— CH =—= CH—CO—NH—CH,—CH—CHj
(2E,4E)-N-isobutyl-2,4-dodecadienamide

e
H3C— (CHy)g— CH —— CH—CO— NH—CH,—CH—CHjs
(2E, 4E)-N-isobutyl-2,4-tetradecadienamide

e
H3C— (CHy);0— CH —— CH—CO—NH—CH,—CH—CHjs
(2E, 4E)-N-isobutyl-2,4-hexadecadienamide

C4c hgp chat coumarin c6 trong mét sé loai Zanthoxylum:

R,
AN
a7 N Yo
CHY R,
Marmesin

Psoralen R1= Ro=H Bergapten R1=OCHjs, R>=H



Xanthotoxin R;=H, R,=0CH3
Imperatorin R1=H, R;=OCH,-CH=C(CHj3):

Xanthoxol Ri=H, R,=0OH
BES

Ry 0
Umbeliferone R;=H, R.=OH
Scoparone Ri= Rz= OCHjs

Scopoletin R:= OH, R2 = OCHj3

Chi Zanthoxylum con la ngudn cung cap cac hop chit benzophenanthridin va
aporphin alkaloid. M6t s6 hop chét cacbazol, canthinon va acridon alkaloid ciing dwgc
tim thiy & mot sé loai thudc chi Zanthoxylum. Céac base alkaloid khac, anthranilic acid

hoic tryptophan xuat hién hau hét ¢ cac loai phd bién.

Cac hop chat benzophenanthridin nhu nitidine va chelerythrine, cac
furoquinoline, skimmianine va cac aporphine, berberine, magnoflorine, ... dd duoc

phan 1ap tir ré va vo than caa Zanthoxylum bouetense va Z. dinklagei.
1.2 Tinh dau Zanthoxylum

1.2.1 Téng quan vé tinh ddu

1.2.1.1 Pinh nghia

Tinh dau (essential oils) 1a mot hdn hop cua nhiéu thanh phan, thuong c6 mui thom,
khong tan trong nudc, tan trong dung mdi hitu co, bay hoi dugc ¢ nhiét d6 thuong va co

thé diéu ché duoc tir thao moc bang phuong phap cat kéo hoi nuse (Piép T. T., 2015).
1.2.1.2 Pqc tinh chung cua tinh ddu

- Thé chat: da sé long ¢ nhiét do thuong. Mot s ¢ dang ran: menthol, borneol,

camphor, vanillin, heliotropin.
- Mau sic: khéng mau hoic vang nhat. Mot sé hop chat azulen c6 mau xanh muc.
- Mui: da s c6 mui thom d& chiu, mét sé c6 mui héc, kho chiu.

- Vi: cay, mot sb 6 vi ngot.



- Ty trong: da s6 <1, mot s6 >1

- B¢ tan: khéng tan hoac it tan trong nuéc, tan trong ethanol va cac dung méi hiru co
khéc.

- D6 s6i: phu thudc vao thanh phan ciu tao.
- Ning suat quay cuc cao: ta tuyén hoic hiru tuyén.
- Chi sb khuc xa: 1,45 -1,56

- Rat d& bj oxy hda, su oxy hoa thuong xay ra ciing véi sy tring hop hoa chuyén tinh

dau thanh chat nhya.

- V& thanh phan hoa hoc: phan 16n tinh dau chira terpen va nhitng dan xuét cé chira
oXy cua terpen nhu ancol, aldehyd, ete, este, lacton,... Mot sé thanh phan chinh trong
tinh dau cho céc phan umg dic biét cia nhdm chuc, tao thanh cac san pham két tinh hay
cho mau. Dya vao dic tinh nay dé dinh tinh va dinh luong céc thanh phan chinh trong
tinh dau (Piép T. T., 2015).

1.2.2 Tinh ddu trong cac loai Zanthoxylum

B6 phan chia tinh dau cha yéu tap trung ¢ qua, 14 va mot lugng nho & ré. Mot diéu
dic biét khién cac nha khoa hoc chi y téi d6 1a tinh dau coa loai ndy c6 mui thom dic
trung theo tirng loai, thanh phan héa hoc da dang.

Trong maot loai thuc vat nhat dinh, sy thay d6i thanh phan va ham lugng hda hoc c6
thé xay ra nhu két qua cua cac yéu té di truyén hodc moéi trudng nhu tudi cua cay, mia
vu, giai doan phat trién cua cay, dia Iy vi tri va phan b sinh hoc.

Chi Zanthoxylum c6 chua tinh dau, trong tinh dau chi yéu 1a cac hop chat nhom

terpenoid.

Ham lugng linalool trong tinh dau caa nhiéu loai Zanthoxylum (Z. anlatum, Z.
acanthopodium) kha cao, khoang tur 18,00%-88,00%.
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HsC~ CHj

Linalool
1.2.2.1 Tinh ddu cay hoang mgc hdi (Z. rhetsa)
a, Khai quéat chung vé cay hoang mgc hoi

Hoang mac héi hay con goi 1a sén hdi (mac khén) 1 cay gd nhd cao tir 14 - 18m,
than thang, vo c6 nhiéu gai moc, 14 kép 16ng chim maot 1an ¢, mép phién 14 c6 ring
cua, hoa moc thanh chim mau xam trang, mia ra hoa thang 6 - 7, qua chin thang 10 -
11, qua hinh tron, hat hinh cu khi chin mau den 6ng. Hat mic khén (thuc chat 1a vo
qua; phan hat den & bén trong thi khéng c6 mui vi dac biét nén tham chi cé thé dai bo
khéng dung) c6 vi cay va thom, dugc sir dung nhu mét gia vi rat phd bién cua cac dan
toc thiéu s6 & Tay Bic Viét Nam, (dic biét 1a nguoi Thai) hodc ving thuong Lao, ving
Tay Bic Thai Lan (Trung H. D.,2018).

b, Nghién cizu vé tinh dau hoang méc hai

Theo nghién ciru cia Thai T. H. va cs. (2004), di xac dinh ham lwong va thanh phan
hoa hoc cua tinh dau tir qua sén hdi thu hai tai Mai Chau, Hoa Binh vao thang 2/2003.
Két qua cho thdy ham luong tinh dau tir qua sén hoi dat 9,6% theo nguyén liéu khd
khéng khi. 24 hop chat trong tinh dau tir qua sén hoi da dugc xac dinh, trong d6 thanh
phan chinh cua tinh dau 12 hop chat benzen, 1-methoxy-4 (1-propenyl), benzaldehyd-4-
methoxy, 1-butanon, 1-(4-hydroxyphenyl) va benzen-emethanol, alpha-ethyl-4-
4methoxy.

Bubpawan P. va cs. (2015) da xac dinh ham luong va thanh phan tinh dau bang
phuong phap GC-MS, xé4c dinh dugc 24 hop chat ¢é trong tinh dau qua hoang mac hoi
bao gom 11 monoterpen, 6 monoterpen oxy, 4 sesquiterpen, 1 hydrocarbon va 2 ketone.
Bén monoterpen chinh tir tinh dau cia qua mac khén 13 a-phellandrene (14,57%),
terpinen-4-ol (9,22%), sabinene (6,57%) va a-pinene (5,92%).


https://vi.wikipedia.org/w/index.php?title=Gai&action=edit&redlink=1
https://vi.wikipedia.org/wiki/Hoa
https://vi.wikipedia.org/wiki/Vi%E1%BB%87t_Nam
https://vi.wikipedia.org/wiki/Ng%C6%B0%E1%BB%9Di_Th%C3%A1i_(Vi%E1%BB%87t_Nam)
https://vi.wikipedia.org/wiki/L%C3%A0o
https://vi.wikipedia.org/wiki/Th%C3%A1i_Lan
http://lienthuvien.yte.gov.vn/tim-kiem?author=Tr%E1%BA%A7n%20Huy%20Th%C3%A1i
http://lienthuvien.yte.gov.vn/tim-kiem?author=Tr%E1%BA%A7n%20Huy%20Th%C3%A1i
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Bang 1.2. Thanh phan hoéa hec tinh dau qua Z. rhetsa theo nghién citu caa

Pornthip Bubpawan va cs.

STT Thoi gian luu/RT Tén Ty 1€ ham lugng
(pht) ()
1 4,55 Thujene 1,24
2 4,70 a-Pinene 5,92
3 5,49 Sabinene 6,57
4 5,80 B-Myrcene 4,47
5 6,22 a-Phellandrene 14,75
6 7,00 B-Phellandrene 1,87
7 7,27 B-Ocimene 4,02
8 7,56 y-Terpinene 4,50
9 7,68 trans-Sabinene 0,54
10 8,15 a-Terpinolene 2,36
11 8,43 Linalool 2,02
12 8,95 Terpinene 0,27
13 10,67 Terpinen-4-ol 9,22
14 10,97 Cryptone 0,81
15 11,89 a-Terpineol 2,66
16 12,31 Carvotanacetone 1,35
17 12,51 Geraniol 2,30
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18 13,38 2-Undecanone 0,66
19 13,74 Carvacrol 1,54
20 16,62 B-Caryophyllene 0,79
21 17,43 a-Humulene 0,16
22 18,11 D-Germacrene 0,40
23 19,08 d-Cadinene 0,18
24 21,2 Cyclododecane 0,15

Tinh dau cua qua cdy Z. rhetsa da duoc Nalin Wongkattiya va cs. (2018) phan tich
thanh phan bang GC-MS. Céc két qua dugc thé hién trong Bang 1.3. Tinh dau Z. rhetsa
chtra mot hdn hop gdm 30 thanh phan héa hoc. Terpinen-4-ol va sabinene 1a cac thanh
phan chinh (32,33 va 22,51%) theo sau boi y-terpinene, decyl aldehyd va octanal (7,97,
5,97 va 5,35%).

Bang 1.3. Thanh phan tinh diu qua Z. rhetsa theo nghién cru ca Nalin

Wongkattiya va cs.
STT Thoi gian luw/RT Tén Ty 1€ ham
(phat) luong (%)
1 3,95 a-Thujene 0,61
2 4,10 a-Pinene 0,68
3 5,02 Sabinene 22,51
4 5,08 1-B-Pinene 0,82
5 5,39 B-Myrcene 1,18
6 5,76 Octanal 5,35
7 6,13 a-Terpinene 4,40
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8 6,38 p-Cymene 2,65
9 6,57 1, 8-Cineole 1,90
10 7,45 y-Terpinene 7,97
11 7,81 Trans-Sabinene 0,20
12 7,99 1-Octanol 2,44
13 8,41 Terpinolene 1,84
14 8,97 Linalool 1,41
15 9,75 2-Cyclohexen-1-ol 1,48
16 10,46 1-Terpineol 0,99
17 10,71 Cyclohexene 0,17
18 12,05 Terpinen-4-ol 32,33
19 12,52 1-a-Terpineol 2,05
20 12,65 Cis-Piperitol 0,42
21 12,97 Decyl aldehyde 5,97
22 13,20 Trans-Piperitol 0,66
23 15,88 Cyclooctane 0,45
24 15,94 3-Hexyne-2, 5-diol 0,28
25 21,34 Dodecanal 0,19
26 21,54 B-caryophyllene 0,17
27 24,04 Germacren 0,20
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28 25,76 Delta-cadinene 0,11
29 30,85 a-Cadinol 0,19
30 46,53 9-Octadecenamide 0,40

1.2.2.2 Tinh ddu cay xuyén tiéu (Z. nitidum)
a, Khai quat chung vé cay xuyén tiéu

Cay xuyén tiéu hay con goi la cy hoang luc hay hoa tiéu. Cay nho leo vai than hoi
den, c6 gai, moc thanh bui cao khoang 1-2m, c6 nhiéu nhanh mau do6 nhat, vuon dai c6
thé tgi 10m, ¢ gai ngin, cong vé phia dudi. L& kép 16ng chim 1&, moc so le, dai 18-
25cm, 6 2-3 d6i 14 chét moc ddi; phién 14 chét hinh trai xoan, gbc tron dau nhon, mép
khia ring mong, mat trén mau luc sim, miat dudi nhat hon; hai mit cua gin chinh déu
c6 gai. Hoa moc thanh chum hoac thanh chum xim co, don doc hay tap hop thanh bo &
nach 1a. Qua c6 1 dén 5 & dinh quanh truc, c6 phan ngoai nhin nheo, phan trong vang,
nhin, nhu gidy da, tach ra dugc. Mdi 6 chira mét hat, ¢6 vo day, ciing bao bai mét mang
mau den nhanh (Trung H. D.,2018).

b, Nghién cizu vé thanh phan tinh dau cé trong cay xuyén tiéu

Bhattacharya va Zaman (2009) di xac dinh thanh phan tinh dau tir trai cay va la cua
Z. nitidum bai GC-MS va tim thay monoterpen trong dau trai cay nhu linalool (23,3%),
limonene (12,9%), aterpineot (8,3%), a-pinene (7,9%),-terpinene (6,6%), cis-p-
ocimene(6,2%), terpinen-4-ol (4,7%) va dong phan (2,0%), trong khi, trong sé cac
monoterpene cua dau 14, chiém wu thé 1a limonene (33,1%), tiép theo la geraniol
(10,6%), carvone (9,6%), 7-hydroxy-3,7-dimethyloctanal(4,3%), geranial (3,9%) va
nerol (2,2%).

Qua va l4 cua loai Z. nitidum phan bé & An o, duoc Bhattacharya S. va Zaman K.
(2009) cdng bd vai cac thanh phan chinh ¢ qua 1a linalool (23,3%), limonen (12,9%),
a-terpineol (8,3%), a-pinen (7,9%), & 1a gom limonen (33,1%), geraniol (10,6%) va

carvon (9,6%).


http://www.phcogres.com/searchresult.asp?search=&author=Sanjib+Bhattacharya&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.phcogres.com/searchresult.asp?search=&author=Kamaruz+Zaman&journal=Y&but_search=Search&entries=10&pg=1&s=0
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1.2.2.3 Tinh ddu cay muéng truong (Z. avicennae)
a, Gigi thiéu vé cay muong trusng

Mudng trudng cé tén khoa hoc 1a Z. avicennae (Lam.) DC., thuoc ho Cam - Rutaceae.
Pay 1a cay gd nho cao dén 8m; than cé gai, vo mau vang sang; canh ciing mang nhiéu
gai thang ding va ngan. La kép 16ng chim 1é ¢6 3-11 doi 14 chét hinh ngon gido, gbc la
chét, khong can, hai bén c6 gbc, mép nguyén hay hoi co6 rang. Cum hoa hinh tan kep
moc & ngon cac canh, dai hon 14. Hoa mau trang nhat. Qua dai 4mm, chia 1-3 6, ¢6 16p
trong khong tach dugc véi 16p ngoai; mdi 6 chira moi hat mau den. Ra hoa vao mua
xuan he, cd qua vao mua hé thu. Thu hai ré quanh nim, rtra sach, thai phién, phoi kho
dung. Thu hai 1a quanh nam, dung tuoi. Qua thu hoach vao mua thu dong, phoi kho dung
(Trung H. D.,2018).

b, Nghién cizu vé tinh dau cay muong truong

Cheng S. va cs. (1990) di nghién ctu tinh dau cdy mudng trudng, xac dinh dugc
thanh phan hoéa hoc cua tinh dau c6 27 hop chat, trong d6 4-metyl-6 —axetoxyhexanal
lan dau tién tim thiy trong thién nhién. Nhirng nghién ctu vé hda hoc cdy mudng trudng

cho thdy cay nay chtra nhiéu alkaloid, terpenoid, flavonoid va coumarin.

Luong N. X. (2008) di phan tich thanh phan héa hoc cua tinh dau 14 cdy mudng
truéng bang phuong phap GC va GC-MS, ¢6 53 hop chat dugc xac dinh trong d6 thanh
phan chinh cua tinh dau 14 1 a-pinen (10,1%), B-caryophyllen (17,0%) va a-humulen

(10,4%) va xac dinh duoc ham luong tinh dau 12 0,1% so v&i mau tuoi.

Liu X. C. va cs. (2012) di dugc xac dinh 31 thanh phan cua tinh dau Z. avicennae da
dugc xac dinh. Tinh dau c¢6 ham lugng monoterpenoid cao hon (65,70%) so véi
sesquiterpenoid (33,45%). Cac hop chat chinh caa tinh dau la 1,8-cineol (53,05%), B-
elemene (6,13%), a-caryophyllene (5,96%), pB-caryophyllene (5,09%) va oxit
caryophyllene (4,59%).
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Bang 1.4. Thanh phan cua tinh diu Z. avicennae

STT Tén Ham luong (%)
1 a-Pinene 0,25
2 B-Pinene 1,56
3 B-Myrcene 0,01
4 (+)-4-Carene 0,25
5 B-Phellandrene 0,02
6 1,8-Cineol 53,05
7 Linalool 3,28
8 Fenchol 0,36
9 Camphor 2,08
10 Isoborneol 0,21
11 Borneol 0,45
12 4-Terpineol 0,75
13 a-Terpineol 3,20
14 Fenchyl acetate 0,19
15 Bornyl acetate 0,04
16 a-Cubebene 0,35
17 Copaene 1,78
18 B-Elemene 6,13
19 Longifolene 0,62
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20 B-Caryophyllene 5,09
21 a-Caryophyllene 5,96
22 a-Selinene 0,28
23 Calamenene 0,57
24 0-Cadinene 0,73
25 a-Calacorene 0,70
26 (-)-Spathulenol 2,29
27 Caryophyllene oxide 4,59
28 Humulene oxide 11 3,42
29 B-Eudesmol 0,94
30 Isobutyl 2-methylbutyrate 0,24
31 Phytol 0,28

1.3.2.4 Tinh dau cay sén (Z. acanthopodium)

a, Gigi thiéu vé cay sen

Cay c6 nhiéu canh dai 1-2m, c6 thé dai tdi 15m, duong kinh than co thé tgi 15cm,
canh mau do nhat, trén canh va cudng la cé nhitng gai ngan, det quay vé phia dudi, la
kép 16ng chim 1¢&, c6 hai dén ba doi 1a chét moc dbi. Mat dudi va trén cia gan chinh déu
co gai, do do da c6 tén ludng dién cham (hai mat co gai). Hoa moc thanh chum hay
chum xim don (glomerule) riéng Ié hay tap trung ¢ ké 4. Qua cé 1-5 manh vo, thuong

la 3 tu hop & quanh truc, mit ngoai nhin nheo, mit trong nhan. Mdi vé cting ¢ mot hat

cing, den bong (Trung H. D.,2018).




18
b, Nghién cizu vé thanh phan tinh dau c6 trong cay sén

Theo Diing N. X. , Leclerq P. A., Nga Th. (1990), trong hat cay sén c6 1% tinh dau
véi thanh phan chu yéu 1a limonene (0,44%), geranial (12,14%), neral (10,95%), linalool
(6,84%).

Theo Raki T. va cs. (2009) mau 4 chira 0,009ml tinh dau/100g mau khd vao mua hé
va 0,017ml tinh dau/100g vao mua dong. Xac dinh duoc thanh phan héa hoc nhiéu nhat

cua tinh dau la sabinene, limonene, 1,8-cineole va D-germacrene.

Virendra S. R. va cs (2008) d3 cong bd tir 14 cua loai Z.acanthopodium cha yéu 14 cac
hop chét terpen véi cac thanh phan chinh 14 linalool (14,3%), 9,12-octadecadien-ol
(8,4%), 1,8-cineol (7,7%), 2-undecanon (7,3%), farnesol (3,6%), 9,12,15-octadecatrien-
1-ol (3,2%) va B-caryophyllen 20 (3,0%).

1.2.3 Ung dung

Céc loai thudc chi Zanthoxylum duoc nghién cau kha nhiéu nhdm tac dung sinh hoc
khéc nhau. Chua yéu cé&c nghién ciru tap trung vao tac dung chéng viém, giam dau, khang

khuan va gan day nhat 1a tac dung chéng khéi u va ung thu.

Fernanda va cs. (2018) d3 phan tich thanh phan hoa hoc va hoat tinh sinh hoc cta tinh
dau tir 14 caa Z. monogynum, trong d6 cac thanh phan chinh dugc tim thiy 1a citronellol
(43,0%) va farnesol (32,0%). Két qua thir hoat tinh sinh hoc cho thdy tinh dau c6 kha
nang tc ché it nhit 90% su phat trién ciia 6 dong té bao ung thu va 2 ching nim men

Cryptococcus sp., Saccharomyces cereviseae.

Theo Wongkattiya N. va cs (2018), sabinene (22,5%) va terpinen-4-ol (32,3%) la
thanh phan chinh cuaa tinh dau Z. rhetsa trong khi limonen (57,9%) va a-phelladren
(15,5%) la thanh phan chinh cia Z. limonella va ca hai loai tinh diu nay déu c6 kha ning
{rc ché cao véi hai dong té bao ung thu via (MCF-7 va MDA-MB231).

Céc nghién ciu trén thé gidi cho thay cay Z. nitidium c6 thanh phan hoa hoc chu yéu
la cac hop chat alkaloid va lignan, ngoai ra con c6 mot sé hop chat khac ¢ khung
coumarin, terpenoid va steroid. Nhiéu hop chét tim duoc tir cay nay di cho thay c6
nhitng hoat tinh sinh hoc dang chu ¥ nhu khang nam, khang khuan, khang virut, khang
viém giam dau, chong co that, chdng sot rét. .., trong d6 ndi bat nhat 1a kha nang gay
doc té bao, chdng ung thu (Duy N. D, 2018).
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Theo Wan va cs. (2005) kem danh rang chira chiét xuat Z. nitidum lam giam ty 1& mac

mang bam rang va tang cuong suc khoe nudu.

Yin L. va cs. (2014) tinh dau Z. avicennae c6 hoat tinh khang khuan va gay doc té

bao manh, véi hoat tinh khang khuan manh nhat chéng lai Rhizoctonia solani AG1-1A.

Julistiono H. va cs. (2018) geranyl acetate la thanh phan quan trong cua tinh dau
qua Z. acanthopodium c6 hoat tinh khang vi khuan. C6 thé, tinh dau quaZ.
acanthopodium phat huy tac dung doc hai déi véi Mycobacterium smegmatis théng qua

mang té bao gay ton hai.
1.3 Céc phwong phap cit va xac dinh thanh phan hda hec tinh dau
1.3.1 Phwong phdp chung cat 16i cudn hoi nwéc

Day 1a phuong phap cb dién va pho bién nhat. Phuong phap nay du trén sy tham thau,
khuéch tan, hoa tan va I8i cudn theo hoi nuéc cua nhirng hop chit hitu co trong tinh dau

chtra trong cac mé khi tiép xdc véi hoi nudc ¢ nhiét d6 cao.

Qua trinh cét & qua trinh chuyén trang thai long thanh trang thai hoi va ngung tu tir
trang thai hoi thanh trang thai long.

Khi cung cap nhiét 6 cho chit long, nhiét do ting va qua trinh bay hoi ctia nd sé ting
l&n. Su bay hoi ting dan khi &p suit hoi cua chat long bing ap suat khi quyén trén bé
mit chét long thi chat 16ng s6i. Lic ndy, cang cung cap nhiét manh thi chat long sbi cang
manh, téc do bay hoi cang nhanh nhung nhiét d6 cta chat long thi khong thay d6i cho
dén khi bay hoi hét.

Tinh dau ciing 1a mot hdn hop khong tan hay kém tan trong nudc nén khi cat voi nuéc
thi nhiét do soi cua hdn hop tinh dau - nuéc bao gio ciing thap hon nhiét do sbi riéng
phan cua tinh dau ciing nhu nhiét do s6i riéng phan cia nudc, ndi mot cach khac di
nhiét d6 sdi cua tinh dau cao hon 150 °C nhung khi trén Ian tinh dau véi nudc ma cat
thi hdn hop nay van sbi ¢ nhiét d6 < 100°C. Pay 1a mot uu diém cia phuong phap cat
kéo hoi nudc vi n6 cho phép ha nhiét do cat xudng thap tranh cho cac tinh dau bi bién
chat vi nhiét, nhat I1a cac tinh dau nhay cam véi nhiét. Tuy nhién, phuong phép niy con
c6 mot vai nhuoc diém nhu hiéu suét thap, chat luong tinh dau khéng cao do nguyén
liéu tiép xuc truc tiép vai thiét bi nén dé bi chay khét kho diéu chinh cac thong sb ky
thuat nhu toc d6 va nhiét d6 chung cat (Piép T. T., 2015).


https://pubmed.ncbi.nlm.nih.gov/?term=Julistiono+H&cauthor_id=30345230
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1.3.2 Phuwong phdp sic ky lép méng
Chdt hdp phu: thudng dung 1a silicagel, ¢d thé dung oxit nhém, bot cellulose. ..

Dung mdi: Dé tach thanh phan hydrocacbon terpenoid khéng cé chira oxi, thuong

dung cac dung moi kém phan cuc: n-Hexan, cyclohexan, ete dau hoa, benzen, cloroform.
Pé tach cac hdn hop chia oxi thuong ding cac hdn hop dung méi. Vi dy:

Benzen - ethyl axetat 95:5 hoac 90:10
Ete dau hoa - ete etylic ~ 95:5 hozic 90:10
n-Hexan - ethyl axetat 85:15

Toluen - ethyl axetat 9:1

Thudc ther hién mau:

- Thudc thir hién mau chung: Vanilin/H2SO4, anisaldehyd/ H2SO4, H2S04 dic.
- Thudc thar hién mau cac nhém chuc:
+ Nhom cacbonyl: Thuéc thir 2, 4-DNPH (2,4-dinitrophenylhydrazin)

+ Phenol: Thubc thir Diazo
Phuwong phadp dinh tinh:

- Dya vao0 gia tri Ry v mau sic cac vét, so véi gia tri Ry va mau sic cua céc chat
chuan.

- Cham chéng vai chit chuan
1.3.3 Sdc ky khi két hgp khéi phé (GC-MS)

Ngay nay nho su két hop sac ky khi va khdi pho cé thé nhan nhanh chong cac thanh
phan cua tinh dau. Cac thanh phan cua tinh dau sau khi di qua cot sic ky dugc chuyén
vao budng ban pha cua khéi pho. O day, chiing bi ban pha bai mot chum dién tir 6 ning
luong 70eV dudi &p suat 10°-107 mmHg thanh cac phan manh nho. Cac manh nay duoc
chuyén qua khéi pho ky ghi lai s6 lugng cac manh ciing khéi lugng cua ching thanh
pho. Khéi pho cho biét khdi lwong va khéi lugng tirng manh. Do cau trdc phan tir va cia
cac thanh phan 1a xac dinh nén sé manh va quy luat phan manh 1a xac dinh. Nho vay,
néu c6 mot thu vién pho khdi cua cac chét thi co thé so sanh phé nay phd nay véi phd
khéi cua cac chat trong thu vién pho. Néu cé su triing lap trén 90% thi ¢6 thé coi la triing
nhau va cac thanh phan cua tinh dau dugc nhan dang. Diéu nay cang chinh xac hon khi

két hop duogc véi kinh nghiém phan tich va quy luat phan ré chat (Piép T. T., 2015).



CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1 Péi twong nghién ciu
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Bang 2.1. Thong tin miu nghién ciru

Ky TénViét | Ténkhoahoc | Mdta | Noildy | Ngayldy | Khbi
hiéu Nam mau luong
M1L | Xuyéntiéu | Z. nitidum La twoi, | Nui Voi | 31/1/2020 | 5009
co mui (do cao
thom 1200m)
M2Q | Hoang moc | Z. Qua NUi Voi | 06/2/2020 | 120g
nhiéu gai | myriacanthum | khé, c6 | (do cao
mau 1300m)
nau, mui
thom
M3L Mudng | Z. avicennae La tuoi, | Péo Prenn | 30/5/2020 | 700g
truéng mui (Pa Lat)
thom
nhe
M4Q | Hoang moc | Z. scandens Qua Khudu | 4/6/2020 | 170g
leo tuoi, c6 | lich Hana
mui Land (Nui
thom Voi)
nong
M4L | Hoang moc | Z. scandens La tuoi, Khudu | 4/6/2020 | 1200g
leo co mui | lich Hana
thom | Land (Nui
nong Voi)
M5L Sén Z L4 tuoi Lan 11/6/2020 | 500g
acanthopodium | c6 mui Tranh,
thom Lac
Duong

Chuyén gia xac dinh tén khoa hoc cia mau: TS. Luong Vin Diing, Khoa Sinh

Hoc.
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Mudng trudng

Hinh 2.1 Hinh anh mau nghién ctru thu dugc tai Lim Pong
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2.2 Thot gian nghién ctru

Pé tai dugc thuc hién tir thang 12/2019 dén thang 6/2020 tai Phong thi nghiém Hoa
H{iru co.

2.3 Phuong phap nghién cuu
2.3.1 Phwong phdp cdt tinh ddu

Trén co s¢ phan tich tai liéu tham khao va diéu kién kha thi cua phong thi nghiém, dé
tai nay dung phuong phap phuong phap chung cét 16i cuén hoi nudc dé thu dugc luong
tinh dau cé trong mau nghién cuu.

Nguyén liéu va nudc dugc cho vao binh cau, cung cp nhiét tryc tiép cho binh cau dé
hén hop nguyén liéu (tinh dau) va nudc bién thanh hdn hop hoi tinh dau — nude, chuyén
qua bo phan 1am lanh (6ng sinh han) dé ngung tu lai thanh hdn long tinh dau — nudc.
Hon hop duoc dan vao bo phan phan ly dé tach tinh dau va nudc thanh 2 phan riéng

biét. Qua trinh nay dugc mo ta trén so d6 Hinh 2.1.

Lam lanh, ngung tu - . .
Hon hop long tinh dau +

nudcC

Hoi tinh dau + nuéc

Nguyeén ligu chua | NUGC
tinh dau, nudc

Nhiét

Tinh dau

Hinh 2.2. So d6 qué trinh ct kéo hoi nudc tinh dau

Nudc con Ian trong tinh dau duoc loai bang CaClz (khan). Véi luong tinh dau it khdng
thé tach truc tiép ra khoi nudc, diethyl ete duoc sir dung dé hoa tan tinh dau va tach ra
khoi nuéc. San pham thu dugc cho vao lo dung tinh dau thuy tinh ¢6 nat day kin, bao

quan trong tu lanh (tranh bay hoi).
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2.3.2 Phwong phdp phin tich thanh phan tinh ddu

Str dung phuong phéap sac ky khi két hop khdi pho (GC-MS) dé nhan dang cac thanh
phan cua tinh dau.

Str dung phuong phap sic ky 16p mong dé phan tich so b tinh dau.
2.3.3 Phwong phdp thir hoat tinh déc té bao cia tinh ddu

Phuong phép xac dinh tinh doc té bao ung thu (Cytotoxic asay) ddi véi té bao nudi
cay dang don 16p.
2.4 Thuc nghiém
2.4.1 Dung cu va hoa chat
2.4.1.1 Hoa chat
- Dietyl eter
- Nudc cét
- Natri clorua
- Canxi clorua khan
- n- Hexan
- Ethyl axetat
- Thudc thtr Vanilin/acid sulfuric
- C4c hoa chat thong thudng khac
2.4.1.2 Dung cu
- Ong sinh han héi luu
- Phéu chiét
- Coc beaker 100ml, 250ml, 500ml
- Cén
- May xay
- Phéu thay tinh, gidy loc
- Pipette 1ml, 5ml, 10ml
- biia thuy tinh
- Phéu loc thuy tinh
- Phéu chiét 100ml
- Ong dong 50ml
- Hii thuy tinh dyng san pham
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- Ong bop cao su

- Bép dién, dén con

- B6 dung cu chung cat tinh dau bang phwong phap cat kéo hoi nuéc

- Gia 4o

- T sdy, may sy

- Ban mong Silicagel GF254 (Merck).

- Binh trién khai sic ky c6 nap day kin.

- Pén tir ngoai, phat cac birc xa co budc s6ng ngan 254 nm va budc séng dai 365 nm.

- TCA (Sigma), SRB (Sigma).

- 96 giéng nhua (corning, USA), pipette, may doc ELLISA 96 giéng (B1O-Rad).

- C4c dong té bao ung thu do GS.TS.J.M.Pezzuto, Trudng dai hoc Long-Island, US
va GS- Jeanette Maier, Trudng dai hoc Milan, Italia cung cap.

- Thiét bi GC-MS hiéu SCION SQ 456-GC, detector bt dién tu (Electron Capture
Detector).
2.4.2 Cat tinh dau

- Nguyén liéu: L& va qua caa cac mau thu dugc.

Buéc 1: Xir ly mau

- B4i véi mau 14 tuoi: cit nho 100g mau 14, xay nhuyén véi 300 ml dung dich NaCl
10% .

- B6i v6i mau qua khd: xay min 60 g rdi mai ngdm véi 300 ml dung dich NaCl 10%

trong 8 gio.
- P6i v6i mau qua tuoi: xay 170g mau véi 300 ml dung dich NaCl 10%
Budc 2: Tién hanh chung cét tinh dau
- Lap bo dung cu chung cat tinh dau.

- Cho mau da duoc xay nhuy@n vao binh cau rdi dun cho dén khi khong thay tinh dau

thoat ra ntra (2 gio).
Buéc 3: Tién hanh thu tinh dau

- TUr bo phan hing tinh dau va hoi nuwéc ngung ty, tinh dau khong tan trong nuéc va

nhe hon nudc nén bi tach khoi nude va tao thanh 16p dau riéng (¢ phia trén) va 16p nuéc
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riéng (¢ phia du6i), cach ly véi nhau bang mat phan cach. Dung phéu chiét cé thé lay

dugc phan dau riéng va phan nuéc riéng.

- Dung CacCly khan dé loai b hoan toan lugng nudc con Ian trong tinh dau. Tinh dau

thu dugc cho vao lo thuy tinh va day nap ky.
2.4.3 Phan tich bang sdc ki l6p méng

Chudn bi ban méng: Say ban méng ¢ 110°C trong 1 gio.
Chudn bj binh khai trién:

Binh khai trién 1a ly thily tinh c6 nap day kin. Bio hoa hoi dung méi trong binh bang
cach 16t gidy loc xung quanh thanh trong cuaa binh, rdi rot mot lwong vira di dung moi
vao binh, lic roi dé gidy loc thAim déu dung méi. Luong dung mdi st dung sao cho sau
khi tham déu gidy loc con lai mot 1op day khoang 5 mm & day binh. Pay kin nap binh
va dé yén 1 phdt & nhiét do phong.

Trién khai sdc ky:

Pit ban mong gan nhu thiang dung véi binh trién khai, cac vét cham phai & trén bé
mit caa Iop dung méi khai trién. Dy kin binh va dé yén ¢ nhiét do khong dbi. Khi dung
mdi da trién khai trén ban mong, 1y ban mong ra khoi binh, danh diu mac dung méi,
1am bay hoi dung méi con dong lai trén ban mong rdi hién vét bang 2 cach:

- So1 dudi dén UV & 254nm.
- Nhang véi thube thir Vanilin/acid sulfuric, ho trén bép dién dén khi cac vét hién mau.
2.4.4 Phan tich thanh phan héa hec cia tinh dau bang phwong phdp GC-MS

Mau duoc phan tich tai Trung Tam dich vu phén tich thi nghiém TP.HCM va Trung
Tam Nghién ciru va chuyén giao cong nghé TP.HCM bang phuong phap GC-MS.

Tén thiét bi GC-MS: May sac ky khi ghép khdi phd (GC-MS) hiéu SCION SQ 456-
GC.

Loai cot: Rxi-5ms hiéu RESTEK (30m x 0.25 mm (i.d),0.25um df)
biéu kién sac ky:

- Khi mang: Hz (hydrogen)
- Luu téc khi mang qua cot phan tich (Iml/ phat)
- Mau dugce bom theo ché d6 chia dong, vai ty 1é chia (1:30).
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- Nhiét @6 cua budng tiém mau (250°C)
- Nhiét do cua detector (detector bat dién tir - Electron Capture Detector) 310°C

Chirong trinh sdc ky:
- Bat dau véi nhiét d6 1a 50°C va giit trong 1 pht.
- Sau d6 nhiét d6 duoc ting 1én 80°C vai tde d6 tang nhiét 30°C/phdit.
- Tiép tuc nhiét d6 duoc tang 1én 230°Cvéi toe do ting nhiét 5°C/ phat
- Cudi cung ting nhiét d6 1&n 280°C véi téc d6 taing nhiét 25°C/ph(t va giir trong vong
3 phut, giir dang nhiét & 280°C.
2.4.5 Thiz nghiém hoat tinh gdy déc té bao ung thw ciia mdu tinh ddu qud hoang méc
nhiéu gai
- Céc dong té bao sir dung trong nghién cuu
+ A549: Ung thu té bao gan ¢ ngudi (Human Hepatocellular carcinoma).
+ MCF-7: Ung thu va ¢ ngudi (Human breast carcinoma).
- Mau tinh dau (4ml dyng trong binh kin) dwgc gui di thir tai Vién Cong nghé sinh hoc,
Vién Han lam Khoa hoc va Cong nghé Viét Nam.
- Phuong phép xéc dinh tinh doc té bao ung thu (Cytotoxic asay) ddi vai té bao nudi cay
dang don 16p.
Phép thir dugc thyuc hién trong diéu kién cu thé sau:
+ Chat thir dugc pha thanh céac dai nong do thich hop.
+ Trypsin hoa céc té bao thi nghiém dé lam roi té bao va dém trong buong dém dé
diéu chinh mat do cho phl hop véi thi nghiém.

+ Chat thir d3 pha & cac ndng do duoc dua vao cac giéng cua dia 96 giéng, thém té
bao di diéu chinh ndng d6 phil hop & trén vao cac giéng nay sao cho nong do chat thir
trong giéng 1a 100 pg/ml; 20 pug/ml; 4ug/ml va 0.8ug/ml . U trong ti am 48 gio. Giéng
khéng c6 chét thir nhung ¢6 TBUT (180ul) s& dugc sir dung lam d6i ching ngay 0. Sau
1 gio, giéng ddi chung ngay 0 té bao s& duoc ¢b dinh bang Trichloracetic acid — TCA
20%.

+ Sau 72 gio, té bao duoc cb dinh bang TCA trong 1 gio, duoc nhuém bang SRB trong
30 pht ¢ 37°C, rira 3 lan bang acetic acid rdi dé khd o nhiét do phong.
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+ 10 mM unbuffered Tris base dé hoa tan lwong SRB, lac nhe trong 10 phut.
+ Doc két qua OD & budc séng 540 nm trén may ELISA Plate Reader (Biotek).
+ Phan traim wc ché su phét trién cua té bao khi c6 mat chat thu s& duoc xac dinh
thdng qua cong thuace sau:
[OD(chét thir) - OD(ngay 0)]
% Ucché= 100% -

OD(dbi ching am) - OD(ngay 0)

+ Phép thir duoc lap lai 3 lan dé dam bao tinh chinh xéc. Ellipticine & cac ndng do 10
ug/ml; 2 ug/ml; 0,4 pg/ml; 0,08 pg/ml duoc st dung nhu 1a chat déi chimg duong;

+ DMSO 10% luén duoc sir dung nhu d6i ching &m. Gia tri ICso (Ndng do tc ché
50% su phat trién) s& duoc xac dinh nhd vao phan mém may tinh TableCurve 2Dv4.

+ Theo tiéu chuan cta Vién ung thu qudc gia Hoa Ky (NCI), cin chiét duoc coi c6
hoat tinh tot vai ICso < 20 pg/ml, trong khi chat tinh khiét duoc coi ¢6 hoat tinh tét khi
IC50< 5 uM.



29

CHUONG 3. KET QUA VA THAO LUAN

3.1 Két qua cat tinh dau

Bang 3.1. Ham lwong tinh dau thu dwoc sau khi chung cit

Mau | Khéi lugng Viinh gau (MI) Ham luong
tinh dau (%)

M1L 500g Luong tinh dau rat it -

M2Q 1209 23,7 ml 19,75%

M3L 7009 Khéng thu duogc tinh dau -

M4Q 170g 1,6 ml 0,94%

M4L 12009 Khong thu duoc tinh dau -

M5L 500g Khéng thu dugc tinh dau -

Cac mau l4 va qua dem cét tinh dau theo phuong phép cat kéo hoi nude déu c6 mui

thom, nhung chi c6 2 mau qua M2Q va M4Q thu duoc tinh dau vai hiéu suat lan luot 1a

19,75% va 0,94% so v&i khéi lwong nguyén liéu. Co thé do cac mau 14 ¢6 ham lwong

tinh dau rat thip nén khong thé cat dugc tinh dau.

3.2 Két qua phén tich sic ky 16p méng

Séc ky d6 sic ky 16p mong caa 3 mau tinh dau dwoc trinh bay ¢ Hinh 3.2.

Ghi chu:

Mau 1: Tinh dau qua hoang moc nhiéu gai
Mau 2: Tinh dau qua hoang moc leo

Mau 3: Tinh dau 14 xuyén tiéu

Hé dung mdi: n-Hexan — ethyl acetate (85:15)

Thudc thu: Vanilin/acid sulfuric

Hinh 3.1. Sic ky do sic ky 16p mong cia cac mau tinh dau



gai (mau 1) c6 6 vét chinh, trong khi mau tinh dau qua hoang moc leo (mau 2) c6 4 vét
chinh, con mau tinh dau 14 xuyén tiéu tach khong hiéu qua. Céc vét chinh cua tinh dau

qua hoang moc nhiéu gai va hoang méoc leo ¢d Rf khéng tring nhau, chiing té thanh
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Két qua phan tich bang sic ky 16p mong cho thay mau tinh dau qua hoang méc nhiéu

phan hoa hoc cua tinh dau rat khac nhau.

3.3 Két qua phan tich thanh phan tinh dau qua hoang méc nhiéu gai

Séic ky d6 GC cua mau tinh dau qua hoang moc nhiéu gai duogc trinh bay ¢ Hinh 3.2.

Phé khéi cua cac pic chat va do tuong hop khdi phd so véi thu vién khdi phd NIST

dugc trinh bay trong Phu luc 1.

Két qua phan tich thanh phan cac chat c6 trong tinh dau dua trén do tuong hop khdi

phd véi thu vién phd NIST duoc trinh bay trong Bang 3.2.
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Bang 3.3. Két qua phan tich thanh phan tinh diu qua hoang méc nhiéu gai

STT Rt (phut) Tén Ham lugng Do tuong hop
(%) khéi pho

1 6,97 2-Thujene 1,48 912
2 7,15 a-Pinene 0,68 926
3 8,05 Sabinene 37,63 955
4 8,33 B-Myreen 2,24 897
5 8,56 Octanal 0,24

6 8,58 a-Phellandrene 0,07 883
7 8,76 a-Terpinene 3,62 920
8 8,87 0-Cymene 0,62 928
9 8,94 D-Limonene 0,13 910
10 8,97 B-Phellandrene 0,56 936
11 9,18 p-Ocimene 4,14 962
12 9,34 y-Terpinene 5,44 911
13 9,51 Terpineol, cis-p- 7,78 933
14 9,67 Isoterpinolene 1,83 929
15 9,83 Linalool 0,31 933
16 9,85 4-Thujanol 0,12 923
17 10,12 Trans-p-menth-2-en-1-ol 1,14 926
18 10,30 Cis-p-menth-4-ol 0,62 902
19 10,70 Terpinen-4-ol 9,26 920
20 10,81 a-Terpineol 2,08 904
21 10,88 Decanal 2,57 917
22 10,90 n-Octyl acetate 3,42 940
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23 10,94 E-piperitol 4,36 926
24 11,00 o-Terpineol 0,16 884
25 11,28 1-Acetoxy-p-menth- 0,28 938
4(8)-ene

26 11,43 1-Decanol 0,55 955
27 12,07 a-Cubebene 0,53 935
28 11,22 Geranyl acetate 0,61 945
29 12,30 Ylangene 0,71 909
30 12,38 B-Copacene 0,44 935
31 12,44 n-Decyl acetate 1,34 957
32 12,47 Dodecanal 1,09 956
33 12,65 Caryophyllene 1,21 963
34 12,90 1-Undecanol 0,49 944
35 13,15 B-Cyclogermacrane 0,29 914
36 13,27 Cadina-1(10),4-dinene 0,51 921
37 13,74 Lauryl acetate 1,06 953
38 13,80 Tetradecanal 0,12 914
39 14,90 Tetradecanol acetate 0,26 928

Tong 99,99

Céac monoterpen hydrocachon 65,60

Céac monoterpen chra oxy 18,05

Céc sesquiterpen hydrocacbon 3,69

Cac sesquiterpen chura oxy 0
Cac hop chat khéc 12,65
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Két qua bang 3.3 cho thay, trong tinh qua hoang moc nhiéu gai duoc dic trung boi
cac monoterpen (83,65%), trong d6 cac monoterpen hydrocacbon chiém 65,6,%, cac
monoterpen chira oxy chiém 57,2%, céc sesquiterpen chiém 3,69% va cac thanh phan
khéc chiém 12,65 %. D3 xac dinh dugc 39 hop chat chiém 99,99% tong luong tinh dau.
Thanh phan chinh cua tinh dau lan luot 1a sabinene (37,63%), terpinen-4-ol (9,26%),
cis-p-terpineol (7,78%), y-terpinene (5,44%), E-piperitol (4,36%), B-ocimene (4,14%).

5 d

Sabinene Terpinen-4-ol cis-p-Terpineol
y-Terpinene E-Piperitol B-Ocimene

Hinh 3.3. Cau trdc héa hoc ciia mot sé thanh phan chinh trong tinh dau qua hoang

méc nhiéu gai

Tinh dau qua loai Z. myriacanthum da duoc Sriwichai T. va cs. (2019) nghién ctiu va
cong b chira 44 hop chat vai thanh phan hop chat chinh 1a L-limonene (~ 60%), trong
khi két qua phan tich thanh phan tinh dau qua cua loai Z. myriacanthum thu tai Lam
DPong cho thiy da nhan dang duoc 39 hop chét véi thanh phan c6 ham lugng tinh dau
nhiéu nhat Ia sabinene (37,63%). Ngoai ra, so véi cong bd cua Sriwichai T. va cs thi
ham luong a-pinene ciia Mau qua thu tai Lam Dong thap hon (0,68% < 6,49%), ham
lugng linalool thap hon (0,31% < 2,96%), ham luong B-myrcene ciing thap hon (2,24 <

3,87%). Piéu nay cho thay thanh phan tinh dau cia cing mét bo phan trong cling mot
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loai nhung moc & cac khu vuc c6 didu kién dat dai, khi hau khac nhau thi khac nhau.
Mic di vay, diém chung cua 2 mau tinh dau la cac monoterpen hydrocarbon chiém uu
thé.

Pay 1a 1an dau tién thanh phan tinh dau qua hoang maoc nhiéu gai (Z. myriacanthum)

dugc nghién ctu tai Lam Dong néi riéng va Viét Nam néi chung.

Céac monoterpen da duoc nghién ciu vé tac dung chéng ung thu. Mot sé trong sb
ching da cho thay két qua day hira hen trong viéc phong ngira va diéu tri cac loai bénh
bach ciu va ung thu khac nhau, chang han nhu ung thu va, da, tuy va rudt két & dong
vat gam nham (Gould M. N. , 1997).

Thanh phan chinh cua tinh dau qua hoang moc nhiéu gai 1a sabinene c6 mit trong
nhiéu loai tinh dau nhu hat nhuc dau khau, cay nguyét qué,... Trong mot nghién cau
niam cua Florsha Sela (2015), sy hién dién cua sabinene trong tinh dau cho thay tiém
ning chéng lai Streptococcus pneumoniae, vi khuian gdy bénh viém phoi va
Staphylococcus aureus, nhitng vi khuan gay ra c4c tinh trang nguy hiém nhu viém mang
n&o va hoi chung séc doc. Sabinene 12 mot chat chéng oxy hda tu nhién, & dang sabinene
hydrate, terpene da dugc thir nghiém vé tinh hitu ich cua nd trong viéc bao quan do tuoi
cta hat huéng duong rang. Duya trén két qua dang khich 18, cac nha nghién ctu két luan
rang hop chat ty nhién co thé dugc sir dung thay cho chat bao quan tong hop. Tac dung
cuia sabinene trong viéc duy tri su tré trung va d6 dan hdi cua da gidp 1am sang to kha

ning cua chat chdng oxy hda ma terpene c6 thé c6 (Quiroga P. R. va cs., 2015).

Terpinen-4-ol, mot trong nhitng hoat chat chinh cua dau cay tra, bao gom hdn hop
ctia hon 100 hop chét khac nhau, va dugc tim thay trong nhiéu loai thuc vat thom (cam,
quyt, origanum, cay chanh New Zealand, hat tiéu den Nhat Ban) (Jorge A Pino va cs.,
2003). Theo Wu C. S. va cs. (2012), terpinen-4-ol da dugc chung minh Ia tao ra phan
mg doc té bao phy thuoc lidu vao céac té bao ung thu phdi khdng phai té bao nho &

ngudi, ¢6 18 thdng qua sy tham gia ciia con duong apoptosis ty lap thé.

Shapira S. va cs. (2016), da viét terpinen-4-ol ting cudng dang ké tac dung cia mot
sb tac nhan hoa tri va sinh hoc. Co ché phan tir ¢ thé c6 cho hoat dong caa nd lién quan
dén viéc gay chét té bao khién hop chat nay tro thanh mot loai thude chéng ung thu tiém
nang va két hop trong diéu tri nhiéu bénh &c tinh. Terpinen-4-ol phuc hdi hoat dong cua

cetuximab trong bénh ung thu véi gen KRAS dot bién. Bicas J. L. va cs. (2011) da tim


https://pubmed.ncbi.nlm.nih.gov/?term=Quiroga+PR&cauthor_id=24841286
https://pubmed.ncbi.nlm.nih.gov/?term=Pino+JA&cauthor_id=12797752
https://pubmed.ncbi.nlm.nih.gov/?term=Wu+CS&cauthor_id=21760828
https://pubmed.ncbi.nlm.nih.gov/?term=Bicas+JL&cauthor_id=21540069
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thay két qua dang khich 1& cho cac nghién ciu trong tuong lai vé kha ning a-terpineol
chéng lai mot s6 loai ung thu, dac biét 13 ung thu va va bénh bach cau tiay méan tinh.

Rudbéck J. va cs. (2012), a-terpinene dugc st dung 1am hop chat huwong liéu va c6
mat trong cac loai tinh dau, 1a mot chat chdng oxy hoa. Két qua nghién ctu cua J. L.
Bicas va cs. (2011), chi ra rang a-terpineol cé tac dung chdng oxy hda manh.

Ngoai ra, theo Loughlin R. (2008), terpinen-4-ol con 1a mot chat khang khuan manh.
Nghién ctiu cua F. F. d. B. va cs. (2015), y-terpenene tao ra tdc dung chdng nhiém triing
trong cac mo hinh hap thu héa hoc thdng qua su tham gia caa hé théng cholinergic va
opioid.

3.4 Két qua phan tich thanh phan tinh dau qua hoang méc leo

Séc ky dd GC cuia mau tinh dau qua hoang moc leo dugc trinh bay & Hinh 3.4. Gian
dd sic ky ¢ céc thoi gian 0-10 phat, 10-15 phdt, 15-25 phat dugc trinh bay & Hinh 3.5,
Hinh 3.6 va Hinh 3.7.

Phé khéi cua cac pic chat va do tuong hop khdi phd so véi thu vién khdi phd NIST
duoc trinh bay trong Phu luc 2.
Két qua phan tich thanh phan cac chat c6 trong tinh dau dua trén do tuong hop khdi

phd véi thu vién phd NIST duoc trinh bay trong Bang 3.3.
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Hinh 3.4. Sic ky d¢6 GC cua tinh dau qua hoang mac leo
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Hinh 3.7. Séc ky d6 GC cua tinh dau qua hoang moc leo 3



38

Bang 3.3. Két qua phan tich thanh phan tinh dau qua hoang mac leo

TT| RT Tén chat Ham Mass Do mfmg l:(.rp
lwong (%0) khoi pho

1 | 5,072 a-Pinene 11,26 136 953

2 | 5,333 Camphene 0,06 136 833

3 | 5721 Sabinene 0,47 136 920

4 | 5,815 B -Pinene 0,20 136 892

5 | 5,958 B-Myrcene 1,18 136 928

6 | 6,163 Octanal 0,05 128 818

7 | 6,282 a-Phellandrene 4,66 136 929

8 | 6,769 D-Limonene 73,54 136 942

9 | 8,201 Linalool 2,95 154 936
10 | 8,791 cis-2-Menthenol 0,04 154 727
11 | 10,145 Terpinen-4-ol 0,05 154 699
12 | 10,447 Terpineol 0,46 154 908
13 | 10,719 Decanal 0,17 156 851
14 | 10,830 Octyl acetate 0,28 172 859
15 | 12,840 Isobornyl formate 0,07 182 783
16 | 14,162 0-Elemene 0,08 204 834
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2,6-dimethyl-2,6-octadien-8-

17 15,169 1 acetate 0,36 196 861
18 | 15,535 B-Elemene 0,34 204 860
19 | 15,809 Dodecanal 0,08 184 768
20 | 16,284 Caryophyllene 2,03 204 912
21 | 17,007 B-Farnesene 0,02 204 695
22 | 17,114 Humulene 0,22 204 900
23 | 17,768 D-Germacrene 0,40 204 895
24 | 18,142 Bicyclogermacrene 0,17 204 828
25 | 18,349 a-Selinene 0,17 204 796
26 | 19,575 Nerolidol 0,08 222 734
27 | 21,407 | 2,5-Furandione, 3-dodecenyl- 0,04 266 660

Téng 99,39

Céac monoterpen hydrocachon 91,37

Cac monoterpen chtra oxy 3,50

Cac sesquiterpen

hydro(j:acboz 3:43

Cac sesquiterpen chura oxy 0,08

Cac hop chat khéc 1,01
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Két qua bang 3.4 cho thiy, trong tinh qua hoang moc leo duoc dic trung boi cac
monoterpen (94,87%), trong d6 cac monoterpen hydrocacbon chiém 91,37,%, céc
monoterpen chira oxy chiém 3,5%, c4c sesquiterpen chiém 3,43% va cac thanh phan
khéc chiém 1.01 %. P4 nhan dang duoc 27 hop chat chiém 99,39% tong lwong tinh dau.
Thanh phan chinh lan luot 14 D-limonene (73,54%), a-pinene (11,26%), a-phellandrene
(4,66%), linalool (2,95%), caryophyllene (2,03%)

D-Limonene a-Pinene a-Phellandrene
OH

Linalool Caryophyllene
Hinh 3.8. Cau trdc hoa hoc ciia mot sé thanh phan chinh trong tinh dau qua hoang

moc leo

Cho dén thoi diém nay, theo tim hiéu tai liéu, chung t6i chua thay c6 céng b nao lién

quan dén tinh dau qua loai Z. scandens ¢ Viét Nam ciing nhu trén thé gidi.

Thanh phan chinh cua tinh dau qua hoang mac leo 1a D-limonene c6 mit trong nhiéu
loai tinh dau nhu tinh dau caa vo cam, chanh, quyt (90%), tinh dau thia la (40%), qua
ho tiéu (22%).

Theo Sun J. (2007), D-limonene dugc liét ké trong Bo quy tic lién bang thudng duoc
cong nhan 12 an toan cho mét chat tao hwong vi va ¢ thé duoc tim thay trong cac mat

hang thuc pham phd bién nhu nudc ép trai cay, nudc ngot, d6 nudng, kem va banh
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pudding. D-limonene duogc st dung 1am sang dé hoa tan so6i mat chira cholesterol. Do
tac dung trung hoa axit da day va hé trg nhu dong binh thudng, no ciing d duoc st dung
dé 1am giam ching o nong va trao nguoc da day thuc quan. D-limonene c6 hoat tinh
chéng lai nhiéu loai ung thu. Bang chang tir mot thar nghiém 14m sang giai doan I da
ching minh D-limonene dap (tng mot phan & bénh nhan ung thu va va bénh 6n dinh

trong hon sau thang ¢ ba bénh nhan ung thu dai truc trang.

D-Limonene c6 tac dung bao vé than kinh ddi véi ton thuong té bao PC12 do
corticosterone gay ra bang cach kich hoat duong dan tin hiéu AMPKa, va do d6 uc ché
cac loai oxy hoat dong va céc yéu té gay viém. Nhitng dir liéu nay cho thay rang D-
limonene c6 thé bao vé chéng lai cai chét no-ron than kinh dé cai thién cac triéu chiing
tram cam (Tang X. P. va cs., 2019). Khoshnazar M. va cs. (2020) da két luan rang o-
pinene ¢ tac dung bao vé than kinh trong d6t quy thiéu méau cuc bo théng qua viéc 1am
suy yéu hé than kinh va wc ché apoptosis.

Theo Fidyt K. va cs. (2016), p-caryophyllene cé hoat tinh chéng ung thu dang ké,
anh hudéng dén sy ting trudng va ting sinh cta nhiéu té bao ung thu.

Linalool cé dic tinh chéng viém, chéng ung thu, chdng tang lipid mau, khang khuan,
chdng nhidm tring, giam dau, giai lo au, chdng tram cam va bao vé than kinh (Pereira
l.va cs., 2018).


https://pubmed.ncbi.nlm.nih.gov/?term=Tang+XP&cauthor_id=31103492
https://pmlegacy.ncbi.nlm.nih.gov/pubmed/?term=Khoshnazar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=32689608
https://pubmed.ncbi.nlm.nih.gov/?term=Fidyt+K&cauthor_id=27696789
https://pubmed.ncbi.nlm.nih.gov/?term=Pereira+I&cauthor_id=30098535

3.5 Két qua phan tich kha niing gy déc té bao ciaa tinh dau qua hoang mac nhiéu

gai trén cac dong ung thw

42

Biang 3.4. Kha ning giy doc té bao ciia tinh dau qua hoang méc nhiéu gai trén

cac dong té bao ung thu

Nong do % Ut ché
(Hg/mL) .
M2Q Ellipticine
A549 MCF-7 A549 MCF7
100 94,60 81,54 100,26 92,61
20 29,23 20,60 82,82 79,58
4 3,00 0,49 50,08 48,52
0,8 -2,68 -0,56 26,35 25,97
1Cso 41,17+4,30 56,17+2,37 0,35+0,03 0,39+0,05

Ghi chd: Ellipticine thtr nghiém & cac ndng do 10-2-0,4-0,08 pg/ml

Két qua trén cho thidy mau nghién ciru da thé hién hoat tinh gay doc cac dong té
bao ung thu thir nghiém véi gia tri 1Cso tir 41,17 -56,17ug/mL. Chat dbi ching duong

Ellipticine hoat dong 6n dinh trong thi nghiém.

Téc dung chéng ung thu ¢6 duoc ¢d thé 1a nho cac monoterpene cé trong tinh

dau qua hoang moc nhiéu gai nhu 14 sabinene, terpinen-4-ol, o-terpineol, ...
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KET LUAN VA KIEN NGHI

1. Kétluan
Qua qua trinh tim hiéu nghién ctu va tién hanh thyc nghiém chung cat tinh dau va
xac dinh thanh phan mét sé loai tinh dau thudc chi Sén (Zanthoxylum), nhém nghién

cteu rat ra mot s két luan sau

- Ham luong tinh dau c6 trong 14 cua mau xuyén tiéu (Z. nitidum), mudng truong (Z.
avicennae), hoang moc leo (Z. scandens), cdy sén (Z. acanthopodium) rat thap khdng

thé thu duoc tinh dau bang phuong phép 16i cudn hoi nuéc.

- Ham luong tinh dau c6 trong mau qua kha cao: trong qua khé hoang moc nhiéu gai

(Z. myriacanthum) la 19,75%, trong qua twoi hoang méc leo (Z. scandens) la 0,94%.

- Tinh dau qua khd hoang moc nhiéu gai c6 chtra 39 hop chét, trong d6 thanh phan
chinh caa tinh dau 1a: Sabinene (37,63%), terpinen-4-ol (9,26%), cis-B-terpineol
(7,78%), o-terpinene (5,44%), E-piperitol (4,36%), o-cymene (0,62%), linalool (0,31%),
D-limonene (0,13%).

- Tinh dau qua tuoi hoang moc leo ¢d chtra 27 hop chét, trong d6 thanh phan chinh cua
tinh dau la: D-limonene (73,54%), a-pinene (11,26%), a-phellandrene (4,665%),
linalool (2,948%).

- Mau tinh dau qua hoang méc nhiéu gai di thé hién hoat tinh gay doc té bao trén céc
dong té bao ung thu A549 va MCF-7 thir nghiém véi gia tri 1Cso twong tng 41,17 va
56,17ug/mL.

2. Kién nghi

Trong qua trinh thyuc hién dé tai nghién ctu, diéu kién thiét bi va thoi gian con han
ché nén chung toi chua giai quyét triét dé mot s6 van dé lién quan dén tinh dau chi Sén
(Zanthoxylum). Chung t6i dé xuét cac hudng nghién ctu tiép theo nhu sau:
- Tiép tuc nghién ctru phuong phap diéu ché tinh dau hiéu qua hon dé thyc hién cat tinh
dau nhiing mau c6 ham lugng thap.

- Tiép tuc thu thap mau 14 va qua cac loai thudc chi Sén moc tu nhién tai Lim Pong dé

lam nghién ciru thanh phan tinh dau.
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- Tinh dau sau khi diéu ché s& duoc mang thir nghiém mot sé hoat tinh khac nhu khang

nam, khang viém, chéng oxi hoa.
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PHU LUC 1. PHO KHOI CUA CAC THANH PHAN TRONG TINH DAU QUA
HOANG MQC NHIEU GAI

Bicyclo[3.1.0Jhex-2-ene, 4-methyl-1-(1-methylethyl)-

bes clo[ ‘ma MRS OGRS Formula C10H16, MW 136, CAS# 28634-89-1, Entry# 72658
= 32,18 Bicyclo| mainlib 2-Thujene
3 9.81 a-Phell: mainlib
@ ° a-Pinen mainlib
z (1R)-2,¢ mainlib
“ ¢-Terpit mainlib
g 4-Phell: mainlib
% Bicyclo[ mainlib
(18)-2,¢ mainlib |
Bicyclo[ mainlib !
80 .72 3-Carer mainlib |
12 795 797 0.66 Tricyclo mainlib
13 784 784 0.45 (+)-3-Ci mainlib
14 780 780 0.38 trans-a- mainlib
15 778 820 0.35 1,4-Met mainlib
16 777 784 0.34 4-Carer mainlib
17 775 775 0.31 &-Ocim mainlib |
18 773 773  0.29 Tricyclo mainlib
19 772 773 028 3,5-Met mainlib |
20 770 775 0.25 4-Carer mainlib
21 763 764 0.19 a-Phell: mainlib
22 760 764 0.17 1,3,6-O mainlib
23 756 784 0.14 Cyclohe mainlib |
24 7556 755 0.14 Cyclope mainlib |
25 751 751 0.12 1,3,7-O mainlib
26 747 781 0.10 1,5-Dim mainlib
o Tm NCooeE2 | Raw data - Library entry
L 32005-0703#2041 RT: 6.67
AV: 1.5B: 237 7.52-8.00 , 1004
8.10-8.42 T: + c El Full ms
(29.00-550.00] 1
91 | 4
{ ]
i s0-
§ ] 91
2 s 92
79 136 2 ]
2 P8 Pesl e g W& a2 i 37 45 57 65 | 8allos 105 115 122 136
L3 3 NL: 9.99E2 i I
1 1902, RSI 912, mainiib, §
Entry# 72658, s
80 28634-89-1, & i
Bicyclo[3.1.0)hex-2-ene, g
4-methyl-1-(1-methylethy))- 50+
4 77 9 g
27 4 ] -100-
# 1o 79 |los
115 29‘,‘353 6558“30 105 121 136 T ———— e T e
f 1A - A A 20 40 60 80 100 120 137
20 40 60 80 100 120 miz
miz
a-Pinene
Formula C10H16, MW 136, CAS# 80-56-8, Entry# 72826
= (1S)-2,¢ mainl Bicyclo[3.1.1]hept-2-ene, 2,6,6-trimethyl
2 9 Bicyclo[ mainlib
@ $.19 (1R)-2,¢ mainlib
g 2 3-Carer mainlib
a i &-Ocim: mainlib
g 165 Bicyclo| mainlib |
g ¢ Tricyclo mainlib |
g Tricyclo mainlib |
% (+)-3-C: mainlib |
1 865 893 296 4-Carer mainlib |
12 864 884 2.84 1,3,6-O mainlib
13 862 889 2,62 Bicyclo[ mainlib
14 861 876 252 3,5-Met mainlib
15 856 871 203 Cyclope mainlib |
16 849 864 1.55 trans-&- mainlib
17 849 863 1.55 1,3,7-O mainlib I
18 843 858 1.22 a-Phell: mainlib
19 841 865 1.13 4-Carer mainlib
20 841 843 1.13 Cyclopr mainlib |
21 840 854 1.08 ¢-Terpit mainlib |
22 835 872 0.87 Cyclohe mainlib
23 832 854 0.77 Bicyclo| mainlib |
24 827 847 0.62 Bicyclo] mainlib i
25 816 829 0.42 Bicyclo[ mainlib |
26 812 849 0.36 a-Phell: mainlib B )
100+ 93 :‘%Ez | Raw data - Library entry
] 32008-
] RT: | 100~
o THe AT, ]
1 cElFullms | R
60 129.00-550.00] | ]
1 91 | 1
40
] 32 " s ] 32
20 “ . s
67 80 105 121
] 29| |[#8 5 o8] es)|ia1 ﬂlLs:s |, el P | 31|36 4449 5064 76 85 91 92 104 120 135
o VTR e L . Lo 2 ol > .80 76 8Tl 92704 20 3
100 9.99E2 5 i |
] 1906, RS| 926, 3 1
oo 3-Pinene A
] i 4
4 1
79 ]
-100-
| B T < A SN o N ...
b Ul J,%.ltil,ﬂf-, o, 118laz2 ] 20 40 60 80 100 120 137
80 100 120 miz

miz
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| Bicyclo[3.1.0]hexane, 4-methylene-1-(1-methylethyl)-
STUAER Formula C10H16, MW 136, CAS# 3387-41-5, Entry# 72809
1 4 k

&-Pinen mainlib
Cyclohe mainlib |
Cyclope mainlib |
Bicyclo[ mainlib
Bicyclo[ mainlib |
3-Carer mainlib |
834 8 .95 &-Ocim« mainlib |
10 833 836 0.91 a-Pinen mainlib
11 831 832 0.84 Tricyclo mainlib |
12 831 831 0.84 Bicyclo[ mainlib
13 827 828 0.71 Cyclopr mainlib
14 826 844 0.68 Bicyclo[ mainlib
15 826 827 0.68 g¢-Terpit mainlib
16 825 825 0.65 a-Phell: mainlib
17 825 825 065 Tricyclo mainlib
18 824 824 0.63 (+)-3-C: mainlib
19 821 822 0.55 (1R)-2,¢ mainlib
20 816 816 0.45 (1S)-2, mainlib
21 815 815 043 1,3,7-O mainlib !
22 808 809 0.33 Bicyclo[ mainlib |
23 808 808 0.33 trans-&- mainlib |
24 805 806 0.29 Bicyclo] mainlib |
25 804 804 0.28 35-Met mainlib
26 803 814 0.27 Bicyclo[ mainlib

= 93 “NL:9.99E2 | 7 Rawdata- Library entry
1 32005-0703#2345-2374
RT:8.01-8.11 AV: 30 SB: i
- 237 7.52-8.00 , 8.10-8.42
91 T:+ cEl Full ms |
5 (29.00-550.00] |
60 ]
7. 4
4 | 501
| ] o1
4 80 1 5
? 3 o5 & e e E 1 ” 92
43 53 121 1 " |
s || B el fnlle 95 197 135122 § Janles oo |la | 94 107 115 119 138
o 93 NL: 9.99E2 A
s 51952, RS| 955, mainlb, | £
Entry# 72809, CAS# k-
80 3387-41-5, 2 4
1.0}hexane, E
4-methylene-1-(1- 50
60 methylethyl)- ]
-100-!

L L S R L B R R R R R S SRR AR R R AR RR ]
30 40 50 80 70 80 90 100 110 120 138
miz
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4-Myrcene
Formula C10H16, MW 136, CAS# 123-35-3, Entry# 4103
1,6-Octadiene, 7-methyl-3-methylene-

0.35 Cyclohe
0.35 (E)-3,7- mainlib
0.31 1,3,7-O mainlib
1 772 773 029 &-Ocim mainlib

14 768 769 0.25 (1R)-2,¢ mainlib
15 763 784 020 &-Phell: mainlib
16 763 765 0.20 35-Met mainlib
17 762 763 0.19 (fi)-Lavi mainfib
18 759 762 0.17 Cyclohe mainlib
19 759 759 0.17 4-Hexel mainlib
20 756 772 0.15 Bicyclo] mainlib
21 755 761 0.14 a-Pinen mainlib
22 755 757 0.14 (1S)-2,€ mainlib
23 753 754 0.13 (+)-3-C: mainlib
24 744 745 0.09 Tricyclo mainlib
25 741 755 0.08 26-Oct mainlib
26 741 742 0.08 Cyclopr mainlib
93 NL: 9.99E2 Raw data - Library entry
32005-0703#2441 RT:
69 8.33 AV:1SB: 237 |
7.52-8.00 ,8.10-842T: |

+cEl Full ms |

[29.00-550.00] ’ <

Relative Abundance
-3

of
. - 77
s 10 T 0 1w s 6% | llse 199 124

NL: 9.99E2 ] 4 d
51885, RS 897, mainlib, ]
3 Entry# 4103, CAS#
123-35-3, &-Myrcene i
50~
-100-
[
{107'21|36137 ™ T = T
——— e 20 40 60 80 100 120 152

1 T
100 120 140 miz
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a-Phellandrene
IS ORI Formula C10H16, MW 136, CAS# 99-83-2, Entry# 72819
1,3-Cyclohexadiene, 2-methyl-5-(1-methylethyl)-

23.29 Bicyclo| mainlib
21.48 Bicyclo[ mainlib
3.67 Bicyclo[ mainlib
3.67 a-Pinen mainlib
2.44 Tricyclo mainlib
2.25 g¢-Terpit mainlib
2.16 a-Phell: mainlib
9 g 9 2.08 a-Phell: mainlib
10 773 800 0.82 Cyclohe mainlib
11 772 777 079 3-Carer mainlib
12 771 771 0.76 (1S)-2,€ mainlib
13 768 768 0.67 (1R)-2,¢ mainlib
14 761 774 0.51 Bicyclo| mainlib |
15 756 756 0.41 Cyclope mainlib

16 765 755 0.39 (+)-3-C: mainlib

17 749 749 0.31 &-Ocim: mainlib

18 745 816 0.26 1,4-Met mainlib

19 743 744 024 a-Pinen mainlib \
20 740 747 021 4-Carer mainlib

21 740 740 021 Methylt mainlib l
22 740 740 0.21 3,5-Met mainlib

23 736 738 0.18 Cyclopr mainlib ‘

MM32005.281526381

24 725 725 5 malnllb
25 724 724 .
26 723 727 .11 mainlib
mo—' N 93 = “NL: 8.99E2 y [ ' " Raw data - Library entry
] 32005-0703#2515-2619
] RT: 888860 AV.5SB112| 15
80 57:-3.58
. cElFums[2900-55000] 5
3 01 ]
60 [ 4
e 7 o
9 136 B bl
20] g4 o
a 65 79 94 4 92
1 P48 T oes 105 119 134|137 3 31 58 65 |78 103 w7 136 137
s 93 NL: 9.98E2 ] i i ¥
] S1 883, RSI 883, mainib, é
- Entry# 72819, CAS# k|
0] 90-83-2, a-Phellandrene | & |
1 -50-]
BO: -4
3 ]
40 | N
zo-; ot 136 g
94
2 l 61 oo 65 g |79 05 119 AT T T T T T T T T
oz i N O, . - LB 30 40 S0 60 70 8 90 100 110 120 139
40 60 80 100 120 140 miz
miz
Hit Name Library Name [ iene, 1-methyl-4-(1
1 cyc|°| mamlib Formula C10H16, MW 136, CAS# 99-86-5, Entry# 112331
a-Terpinene

Cyclohe mamllb
2-Carer mainlib
(+)-4-C: mainlib
Cyclohe mainlib
Cyclohe mainlib
g-Terpit mainlib
Cyclohe mainlib
Bicyclo[ mainlib
Bicyclo[ mainlib
4-Terpit mainlib
Bicyclo[ mainlib |
1,4-Hex mainlib
2-Cyclo mainlib
1,3,6-H mainlib
Bicyclo[ mainlib
2,4,6-0O mainlib
3-Carer mainlib
(+)-3-Ci mainlib
2,4,6-0 mainlib
Tricyclo mainlib
Cyclope mainlib
3-Octer mainlib
Tricyclo mainlib
Cyclope mainlib

93 NL: 9.99€2 Raw data - Library entry

003 32005-0703#2566 RT:
9 8.76 AV: 18B: 12
80 121 857-8.56 ,8.60-862T:+ | 1007
] CEI Full ms [29.00-550.00] g
60 ]
E 9 | 4
a0 7 29 136 |
1 i 8
3 105 8
1 s g e g (e 122 S 5 AP
Joo || W 95 | ![I M8 la2s | 3 Ao 45 5861 77" 39[194 195 115 116 128
o . < U T TT VI T L) e I
121 NL: 9.99E2 I [
100 9 o g
| 51915, R8I 920, mainb, |2 |
1 93 Entry# 112331, CAS# | 8
80 99-86-5, 2
B 1,3-Cyclohexadiene, -
1 1-methyl-4-(1-methylethyl)- .50
60-] | i
1 -9 136 ]
407127 39 2 ]
- 4
] A
20 43 o 00-
= l | - l
B T T T T T [T S T T
i 32y |\| ‘\lu‘ B | I LA 30 40 5 60 70 80 9 100 110 120
60 80 20 miz

miz



MM32005.281526381

MM32005.281526381

Prob Name
1,3,5-C

o
ged
N

[

§

Library Name
* mainlib

& Imalnlib

mainlib

o-Cymene
Formula C10H14, MW 134, CAS# 527-84-4, Entry# 108484
Benzene, 1-methyl-2-(1-methylethyl)-

9.5
6.7 mainlib
5.44 p-Cyme mainlib
3.62 Benzen mainlib
3.48 Benzen mainlib |
2.94 Benzen mainlib
225 Benzen mainlib |
2.16 Benzen mainlib {
11 853 853 1.74 Benzen mainlib |
12 849 850 1.47 Benzen mainlib
13 848 848 1.41 Benzen mainlib
14 847 847 1.36 Benzen mainlib |
15 846 847 1.31 1,3-Cyc mainlib |
16 821 821 0.39 Benzen mainlib ‘
17 820 823 0.38 1,4-Cyc mainlib |
18 812 827 0.28 1,3,8-p- mainlib
19 809 810 0.25 Benzen mainlib |
20 807 810 0.23 p-Mentt mainlib |
21 794 794 0.15 trans-3- mainlib |
22 792 794 0.13 Cyclobt mainlib |
23 790 790 0.12 7-Meth¢ mainlib |
24 776 782 0.07 Ethanot mainlib
25 771 785 0.06 2,6-Dim mainlib |
26 771 776 0.06 Ethanor mainlib i
it = 19 NL9.9oE2 ] Raw data - Library entry
32005-0703#2600 RT:
8.87 AV:1SB: 12 |
857858 ,860-862T: | 100
+ cElFull ms | 1
[29.00-550.00) ' 1
| 804
91 134 1
2 17 - .‘% J
wh 5158 F et | 10 "5l|. = | |8 o] 37 42 54 57 60 67 80 86,90 101 106 118 128 134
18 NL: 8,992 il L y o
S1919, RSI 928, maini, | £
Entry# 108484, CAS#
527-84-4, 0-Cymene é 1
-50+
91 4
134
17 =9
g2 103 AL“” e T i e e e S SRR Ay
i ' - 20 40 60 80 100 120 135
100 1 miz
D-Limonene
3 ﬂ Formula C10H18, MW 136, CAS# 5989-27-5, Entry# 36343
mainlib | Cy 1-methyl-4-(1 + (R)-
mainlib
mainlib
mainlib |
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
. mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
% mainlib
z mainlib
23 789 790 0.22 1,6-Cyc mainlib
24 787 790 0.20 Bicycio[ mainiib
25 785 786 0.19 Cyclohe mainlib
26 783 784 0.17 Bicyclo[ mainlib
8 NL: 9.99E2 Raw data - Library entry
197 3200507034269 RT:
4 8.94 AV:1SB: 12
s0d 8 857-8.58 ,860-862T: 1007
] +cEl Full ms | b
1 o3 [29.00-550.00] E
601 4
40 79 50 67
1 94 .
3 92 8
204 4 53 1 107 121 g5 5 .
; 2
S “ 51;.|| ] Ix[L” - 1|11°a 122 | 3 ol a_s08s 8 | M 10715 1as
g 68 NL: 9.99E2 = = I :
100 1910, RSI 910, mainlib, | = |
3 Eniry# 36349, CAS# K
80 5989-27-5, D-Limonene | @ ]
] -50-1
oo T -
g 67 1
40% 4
201 394 s gl g5y a2 18 Ly
:2?29I51I55 nBOZM951m L e e T A e e S e S
P L e P N ‘A7°|u‘8 i 20 40 60 80 100 120 138
20 40 60 80 100 120 miz

mwz
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4-Phellandrene
Formula C10H16, MW 136, CAS# 555-10-2, Entry# 72661
C 3 6-(1
Y {

18 805 805 0.28 &-Ocim: mainlib
19 804 804 0.27 (1R)-2,¢ mainlib
20 802 805 0.25 Bicyclo[ mainlib
21 799 800 022 Bicyclo[ mainlib
22 797 806 020 Bicyclo| mainlib
23 793 793 0.17 1,3,7-O mainlib
24 790 803 0.15 4-Carer mainlib
25 . 789 789 0.14 Bicyclo[ mainlib |
26 785 785 0.12 trans-4- mainlib

z EX) TNL o992 3 == Raw data - Library entry
32006-0703#2627 RT:
8.97 AV:18B: 12 00
857-8.58 ,860-862T: | 1
+ c El Full ms | 1
.00-550.00] ] E
91 ]
4 ” | 50-_
|
P m 136 ;E ] o 91
41 65 80 | R
o 135t T8 [ler [[les 107 "2 45 13 31 38 51 6265 67 | g2|92 107 115 122 134
93 NL: 9.99E2 ]
1928, RSI 936, mainlib, | £ |
Entry# 72661, CAS#
555-10-2, &-Phellandrene 1
-50-{
o ]
91
B = o 138 -100-
30 % 4355 65 60 3"39“195 . T T T T T T T T T T T T T
bl Lol — Tt - 30 40 50 60 70 8 9 100 110 120 138
40 60 80 100 120 miz
miz
¢ 4-Ocimene
gy Formula C10H16, MW 136, CAS# 13877-91-3, Entry# 72620

11.42 1,3,7-0 mainlib 1,3,6-Octatriene, 3,7-dimethyl-
5.89 trans-a- mainlib
4.39 3-Carer mainlib
1 4.05 (1S)-2,¢ mainlib |
2.94 Bicyclo| mainlib
/ 2,94 13,6-O mainlib i |
2,82 a-Pinen mainlib
2.38 (+)-3-Ci mainlib
88="5 220 (1R)-2,¢ mainlib
1 875 876 177 Cyclope mainlib
12 869 875 1.39 Bicyclo[ mainlib
13 867 867 1.28 Tricyclo mainlib
14 862 863 1.03 Cyclopr mainlib
15 856 857 0.81 3,5-Met mainlib
16 852 868 0.68 Bicyclo[ mainlib
17 845 847 0.52 Tricyclo mainlib
18 838 847 0.40 Bicyclo[ mainlib
19 835 848 0.35 4-Carer mainlib
20 833 835 0.32 Bicyclo| mainlib |
21 832 832 0.31 3-Octer mainlib |
22 830 838 0.29 4-Carer mainlib |
23 830 832 0.29 &-Pinen mainlib !
24 829 838 0.28 Bicyclo| mainlib
25 827 830 0.25 1,36-H mainlib ‘\

26 824 824 0.22 Bicyclo[ mainlib

63 NL: 9.6062
32005-0703#2689 RT:
9.18 AV: 1SB: 12
8.57-858 ,8.60-862T: | 1007
+ ¢ El Full ms
29.00-550.00)

Raw data - Library entry

Pt 8

9
79

77|80

o

41

»N

105

43 53 8 121

[0 ifom 55 Jf onlpor oo e
93

29|
1

Relative Abundance

79 9
] ; ss 67 T | e2 103 123
T

NL: 9.99E2

$S1 962, RSI 962, mainlib,
Entry# 72820, CAS#
13877-91-3, &-Ocimene

107

| 122 138 U G st Tt e L 2 T

120 140 miz
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g-Terpinene
} Formula C10H16, MW 136, CAS# 99-85-4, Entry# 72839
= ¥ | 1,4-Cyclohexadiene, 1-methyl-4-(1-methylethyl)-
g 5.24
e 4.63 Cyclohe mainlib |
a3 4.63 Cyclohe mainlib |
§ 4.45 Bicyclo[ mainlib |
a 4.10 1,3-Cyc mainlib
"él 3.47 3-Carer mainlib
3.20 (1R)-2,¢ mainlib
3.07 Bicyclo[ mainlib
2.95 Bicyclo[ mainlib
2.49 &-Phell: mainlib
2.49 Tricyclo mainlib
2.49 Cyclope mainlib }
2.30 Cyclopr mainlib |
2112 Tricyclo mainlib |
1.96 a-Pinen mainlib |
1.80 Cyclohe mainlib
1.569 4-Carer mainlib
1.47 (18)-2,€ mainlib |
1.47 2-Carer mainlib |
1.36 Bicyclo| mainlib |
1.30 &-Ocim mainlib i
1.15 Bi [ mainlib |
1.15 (+)-4-C: mainlib
1.11_Cyclohe mainlib - S 4.
93 NL: 9.60E2 N N Raw data - Library entry
32005-0703#2737 RT:
9.34 AV:1S8:12 1000
8.57-8.58 , .60-8.62 T:
+ ¢ El Full ms &
o 129.00-550.00] | 4
77 N
501
79 a5 18 g ] o1
af 80 105 2.4 71
65 L 2
[ll St Lo e [l o3| |22 h 2839 51 58 68 67 |[ ue | 105 115 128
biou o) d : o
93 NL: 9.99E2 i " e
1911, RSI 911, mainib, §
Entry# 72839, CAS#
99-85-4, o-Terpinene &
50+
4
91 136 g
121 B
43 79 -100-
41 105 119 B 5 "
. JJ-I- i 65}371'9"” I 1)), nz)|i=2 % | 4 e | s "0 Tako | ide
80 100 120 miz
miz
Hit S| RSI Prob Name Ll Name Cy 1-methyl-4-(1 , cis-
1 934 9 | Formula C10H180, MW 154, CAS# 7299-41-4, Entry# 9392
— 2, g + !gi Terpineol, cis-a-
g OH
@
=
]
v
g
:
809 yclohe mainlib
1 806 815 0.21 Bicyclo[ mainlib
12 805 806 0.20 Linalool mainlib .
13 802 807 0.18 Cyclope mainlib
14 801 806 0.17 Cyclope mainlib
15 799 802 0.16 S5-Carar mainlib
16 798 806 0.15 3-Cyclo mainlib
17 797 797 0.14 Cyclohe mainlib
18 790 828 0.11 (1R,2S, mainlib
19 786 787 0.09 3-Cyclo mainlib
20 784 786 0.08 S5-Carar mainlib
21 784 785 0.08 Cyclohe mainlib
22 783 786 0.08 (1R,2R, mainlib
23 783 785 0.08 Cyclohe mainlib
24 782 783 0.08 Cyclohe mainlib
25 780 783 0.07 Cyclohe mainlib
26 780 780 0.07 Bicyclo| mainlib ) )
o NL: 9.95E2 Raw data - Library entry
] 32005-0703#2786 RT:
1 9.51 AV: 1S8B: 12
80-] 8.57-8.58 ,8.60-862T:+ | 1007
1 c El Full ms [29.00-550.00] =
505 4
40 ] i
1 g 1 8 93
e 2dh = o7 8|79 | @ Mg
5 5 128 |40 o8, 'Ill g 1L9s 07| | 125 139 154
2 NL: 9.99E2 >
1003 1923, RSI 933, mainib, | S | “
] Entry# 9392, CAS# 2
80-] 7299-41-4, Cyclohexanol, |&
B 1-methyl- - | B
] methylethenyl)-, cis- | 504
60 7 1
o 41 -
40 s 93 3
a4 62l & -100-
20+ 3| 67 " oo
; sussg"““h‘ev‘ T i - RS .
P N 11 1O O R 2 80 80 100 120 140 158
40 80 80 100 120 140 miz
mz




1
11.92
10.54
7.86
7.25

MM32005.281526381

clohe
Cyclohe

Bicyclo|
(+)-4-C:
2-Carer
Cyclohe
1,3-Cyc
Bicyclo|
g-Terpit mainlib
1,4-Hex mainlib
Bicyclo| mainlib
Bicyclo[ mainlib
4-Terpit mainlib
2,4,6-0 mainlib
Bicyclo[ mainlib
Cyclope mainlib
1,3,6-H mainlib
2,4,6-0 mainlib
mainlib
mainlib
mainlib
i mainlib
mainlib
mainlib

Cyclopr_ mainlib

3-methyl-6-(1 i
MW 136, CAS# 586-63-0, Entry# 73267
p-Mentha-2,4(8)-diene

&
Formula C10H16,

1
3 39 ",43 53
2 |.“5°|‘|1 %

93 NL: 9.99E2

32005-0703#2835 RT:

a1

67
s

o

MM32005.281526381

80
87
93 NL: 9.99E2
S1928, RSI 929, mainlib,
267, CAS#
ene.

mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
' mainlib
mainlib
mainlib

Fencho mainlib

Relative Abundance
2
. WY

Raw data - Library entry

45 59
T T T

132

0 79 &7 % 101108 122
T T ‘ T

LU L B B L S L B S |
30 40 50 60 70 80 90 100 110 120 138
miz

Linalool
Formula C10H180, MW 154, CAS# 78-70-6, Entry# 42410
1,6-Octadien-3-ol, 3,7-dimethyl-

41

KAl NL: 8.99E2
32005-0703#2881 RT:
9.83 AV: 1 S8B: 12

8.57-8.58 ,8.60-862T:

8

80

83 121
91194 96 I
N i 136 130 156

]

7
I
1 NL: 8.99E2

93 78-70-6, Linalool

69
80
121

N

8
79|91 %

f
T

60

136
,|z7’L 139 154
|y
120 140

l

f b Lol

} Ml
80 100

mwz

S1931, RSI 933, mainlib,
Entry# 42410, CAS#

100+

@
=3
A TR T

o

Raw data - Library entry

3 B 134

Relative Abundance

&
S
¥ o0y o

57 67 79 85 g5 gg 113 119
Ll m T T

T T

L o e e e s |
140 156




MM32005.281526381

MM32005.281526381

5 2. icyclo[3.1.0Jhexan-2-ol #
3 2 = | Formula C10H180, MW 154, CAS# 546-79-2, Entry# 42409
34.74 Cycloﬁe mainlib Bicyclo[3.1.0]hexan-2-ol, 2-methyl-5-{1-methylethyl)-
10.22 Bicyclo[ mainlib OH
6.80 4-Isopr¢ mainlib
4.39 2-Cyclo mainlib
1.60 2-Cyclo mainlib
1.10 (1R,2R, mainlib
0.32 3-Cyclo mainlib
0.26 Bicyclo[ mainlib
858 8 0.26 Cyclope mainlib
11 800 838 0.23 (1R,2S, mainlib
12 797 797 0.20 Cyclohe mainlib
13 792 792 0.16 Cyclohe mainiib
14 788 792 0.13 5-Carar mainlib
15 785 786 0.12 Terpine mainlib
16 785 786 0.12 Linalool mainlib
17 783 786 0.11 (1R,2R, mainlib
18 783 785 0.1 5-Carar mainlib
19 776 788 0.08 (1S,3S, mainlib
20 775 777 0.08 Cyclohe mainlib
21 774 775 0.8 Cyclohe mainlib |
22 772 775 007 Cyclohe mainiib |
23 770 779 0.06 Bicyclo] mainlib
24 770 771 0.06 Cyclohe mainlib I
25 768 777 0.06 Bicyclo] mainlib
26 768 770 0.06 Eucalyr mainlib

NL: 9.99E2 | Raw data - Library entry
32005-0703#2888-2893
RT: 9.85-9.87 AV:65B:50 |
9.79-9.85 ,9.87-9.97 T: + |

CEl Full ms [29,00-550.00] |

"M 50

79
3135[45 58 6979 |84 o7 408 139
NL: 9.99E2 T
1923, RS1 923, mainiib,

Relative Abundance
L

81 X 121

41 55 79 51
67 136 130 -100-

opyk-2- §
g:emylblcydopj Olhexan-2- 504
# 4

-

|
|
H““‘ 125‘ 154 T — T — 0
w\l U }. L 40 60 80 100 120 140 156
40 60 80 100 120 140 miz
miz

27 , s1|
ol _bbly J

2-enol

2 4
Formula C10H180, MW 154, CAS# 619-62-5, Entry# 9738

mainlib | p-Menth-2-en-1-ol
mainlib OH
mainlib
mainlib
mainlib
mainlib
.38 5-Carar mainlib
0.36 Bicyclo[ mainlib
0.32 Cyclope mainlib
0.32 3-Cyclo mainlib
0.32 5-Carar mainlib
0.27 Cyclohe mainlib
0.24 Cyclohe mainlib
0.23 (1R,2S, mainlib
16 786 786 0.23 Cyclohe mainlib
17 781 783 0.18 (1R,2R, mainlib |
18 772 779 0.13 Cyclope mainlib |
19 771 772 0.13 Cyclohe mainlib |
20 767 780 0.11 (1S,3S, mainlib
21 765 767 0.10 Cyclohe mainlib [
22 762 764 0.09 Cyclohe mainlib |
23 761 761 0.08 Ethanol mainlib |
24 761 761 0.08 Isopule; mainlib |
25 760 763 0.08 2-Cyclo mainlib
26 758 759 0.07 Eucalyp mainlib \
100 o 43 NL: 99?;'52 Raw data - Library entry
g n-ns oara0rT | 100
+ ¢ El Full ms | 51
|2900-55000| ‘ g
4 | 5o
1§ E o
5
. NL: 9.99E2 ] " .
51926, RS1 926, mainib, | 2 |
Enlry# 9738, CAS# i
8 619-62-5, 1
4-Isopropyl-1- B
1 methylcyclohex-2-enol 50+
” 4
a5 % -100~
27 | - o
S5 AL e G s S G e e B B o o e e
26,31 L 20 40 60 80 100 120 140 156
20 miz




MM32005.281526381

WW
2-Cyclohexen-1-ol, 1-mett
(B:ydohexanol. 1-methyl-4-

i

5-Caranol, trans, trans-(+)-
3-Cyclohexen-1-ol, 1-mett
5-Caranol, (1S,3R,5S 6R)
Cyclohexanol, 1-methyl-4-
Cyclohexanol, 2-methyl-5-
Cyclohexanol, 1-methyl-4-
(1R 2R, 5S)-5-Methyl-2-(pr

icyclo[3.1.0]hexan-2-ol,
(1R,2R,4R)-2,7,7-Trimeth)
Bicyclo[3.1.0]hexan-2-ol, 2
Cyclopentanol, 1,2-dimeth

mainlib
maiinlib
mainlib
maiinlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib

58

2-Cyclohexen-1-ol, 1-methyl-¢(1-m¢myiethyl
Formula C10H180, MW 154 29803482-5 EnM 11122
(1RA4R)-4.

OH

1-Cyclopentene-1-methan maiinlib
1-Cyclopentene-1-methan mainlib
(18,38,4S,5R)-1-Isopropy mainlib
2-Cyclohexen-1-ol, 3-mett mainlib
Cyclopentanol, 1,2-dimeth mainlib
Bicyclo[3.1.0]hexan-3-ol, ¢ mainlib
(1R,2S,4R)-2,7,7-Trimethy mainlib
Cyclopentanol, 1,2-dimeth mainlib
Ethanol, 2-(3,3-dimethylcy mainlib

2-Cyclohexen-1-ol, 3-mett mainlib B
NL 99952 Raw data - Library entry = i
5-0703#3018-3024 RT:
4 15301032 AV. 7 5640
80| 10.24-10.30 , 10.31-10.38 T: | 100
] + ¢ El Full ms [29.00-550.00] b
601 03 4
] ¢ 50
o 7 P o ]
1 #f 55 m 9 11 g ]
207 49 o5 4 136 é ]
] 53| 65 = i 69 79 93
EC N M ] x’ N 'F’[ e« 4 3 ol 4 so®,|| | 95 10 "2 43 a1
100+ 43 NL: 9.99E2 il l T ¥
] 1898, RSI 902, mainio, | 2
b Entry# 11122, CAS# § 1
80-] 29803-82-5, e A
1 2-Cyclohexen-1-ol, g
1-methyl-4-(1-methylethy)-, 50
60 cis- 4
1 93 1
w] @« 69 139 1
] 5 e LU ]
o] 4 e ! 136 -100-
1|29 53{ L H 97, 122 ’ 154 NI S P B s wa e L e
ot ) n il J.Im 1 40 60 80 100 120 140 186
40 120 140 miz
m/z
Terpinen-4-ol
Formula C10H180, MW 154, CAS# 562-74-3, Entry# 42565
% 5 3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-
2
E .|
o X
& £
. |
g i 1 HO
g . |
B {
i
: |
. |
. |
: |
: |
26 707 708 0.05 Cyclc mainlib . [ N 1
B NC 9892 | Raw data - Library entry
005-0703#3136 RT:
10.70 AV: 1 SB: 40 4§
10.24-10.30 , 10.31-10.38
T: 4 GEl Full ms
129.00-550.00) ]
11 50
e
136 54 % :
4 43 55 67
112 125 [ 130 | 3 ot $ I m 01 % W95 110 125 136 437
NL: 9.99E2 ] [ ¥ : |
51920, RS1 020, mainlb, | £ |
Entry# 42565, CAS# k|
80 562-74-3, Terpinen4-0l & |
-50-
60- ]
o m 4
i 4
86 "
[ a8k -100-
27 39 81 |
% 53 “"“ 95 | = 113?‘39‘ o N o B e s  SRLLIS N B e e i |
o Al W oy LTl 20 40 60 80 100 120 140 156
20 40 60 80 100 120 140 miz

miz
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Lil m
mainlib
‘mai w
mainlib
ir mainlib
mainlib
mainlib
it mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
, mainlib
, mainlib
mainlib
mainlib
mainlib
mainlib
mainlib

P Tk

a

»N
o

3

@

>

N
S

8o

Faus

Tiin

AT A U

a4

11138
v T

43

67
4 d
I R e Y I B:"
1 .138 AL LD

43

8

92
ke

59

81 I

92|95
67
53 56 79

96 107|122
97 109 |

A

Ll

139

40

60

80
miz

100 120

Undeca m
Cyclode mainlib

T

140

Formula C10H180, MW 154, CAS# 10482-56-1, Entry# 32870

L-a-Terpineol

3-Cyclohexene-1-methanol, a,a,4-trimethyl-, (S)-

OH

32005-0703#3170 RT:
10.81 AV:1

SB: 40
10.24-10.30 , 10.31-10.38
T:+cElFullms
[29.00-550.00] |

NL: 8.99E2 i‘

NL: 9.99E2

$1903, RSI 904, mainlib,
Entry# 32870, CAS#
10482-56-1, L-a-Terpineol

31414|34454556|7

Raw data - Library entry

81
78 o2 i 94 105

40

Decanal
Formula C10H200, MW 156, CAS# 112-31-2, Entry# 6581

n-Decaldehyde

- o
80 100 120

140

Dodeca mainlib
2-Decel mainlib
2-Decer mainlib
.27 trans-2- mainlib
: 2-Decer mainlib
.73 2-Tride« mainlib
1. 13-Mett mainlib
1.66 trans-2- mainlib
& 1,2-Epc mainlib
13 799 805 1.47 Trideca mainlib
14 788 788 1.01 Oxirane mainlib
15 786 806 093 2-Octer mainib ’/\/\/\/\/\0
16 782 783 0.78 Pentad¢ mainlib "
17 775 776 060 Tetrade mainlib |
18 773 773 0.55 Oxirane mainlib |
19 772 805 0.53 Oxonan mainlib |
20 772 773  0.53 1,10-De mainlib
21 768 775 0.45 1,2-Epc mainlib ‘
22 768 771 045 Oxirane mainlib
23 767 772 0.43 Heptad: mainiib |
24 766 767 0.41 Hexade mainlib -
25 765 765 0.40 E-2-Tet mainlib \
26 761 767 0.33 Octade: mainlib |
P NL: 9.99E2 | Raw data - Library entry
] 32005-0703#3191 RT:
] 10.88 AV: 1 SB: 40 |
&0 10.24-10.30 , 10.31-10.38 | 1007
- T: + cEl Full ms N
7 [29.00-550.00] g
" ]
Lea i 57
B : - 82
207 5 67 71 8
] 2 4 [ 95
o |3 39 54 551‘ & il ”|| 85 | 199 112 128
.0 43 NL: 9.99E2 < I’ }l
] $1917,RSI 917, maintb, |2 |
1 - Enlry# 6581, CAS# =
80 112-31-2, Decanal © =
so—j 57 50~
i i
T = 70 4
03 o 68171 82 ]
E 7l 89 112 ]
20 39| 145 9|5 % | s
145 Har |fil 53 [l 58 |ifl 72 155 109 | T T T
] dar [l 53 128 T i | T i T ) .|
B i - L e 3|', H“‘ kil 25 20 40 60 Py 100 120 140 156
20 40 60 80 100 120 140 miz

miz




Acetic acid, octyl ester
Formula C10H2002, MW 172, CAS# 112-14-1, Entry# 9257
n-Octyl acetate

= g mainlib
g 2.83 Acetic ¢ mainlib
i 2.05 Cyclopr mainlib
= 1.24 Formic mainlib
] 0.80 1-Octar mainlib
= 0.77 1-Unde mainlib
% 89 0.74 Lauryl 2 mainlib
8 0.71 Acetic ¢ mainlib
8 0.63 2-Prope mainlib
1 785 818 063 ne, mainlib | 0. re)
12 783 854 0.58 Octane mainiib ‘\/\/\/\/
13 782 788 0.56 Acetic z mainlib [
14 779 817 = 049 1-Decal mainlib
15 777 785 0.45 Octyl ct mainlib |
16 776 832 0.43 Cyclopr mainlib |
17 776 818 0.43 1-Nona mainlib !
18 775 814 0.42 1-Hepte mainlib
19 774 838 0.40 Octane. mainlib
20 773 773 0.38 Tridecyl mainlib
21 771 837 0.35 1-None mainlib
22 768 849 0.31 trans-1- mainlib
23 766 846 0.29 cis-1-Bt mainlib
24 766 817 0.29 Formic mainlib
25 763 815 0.25 1-Decel mainlib
26 762 814 024 Cyclopr mainlib Ep— )
43 - NL: 9.99E2 Raw data - Library entry
1 32005-0703#3197 RT
10.90 AV: 1.S8: 40 | 4
e 1024-10.30 . 10311038 | 1007
T+ cEl Full ms | 1
(29.00-550.00)
s6 70 4
50-{
4 83
41 M 3 ]
82 2]
29 Il 54 7 1J‘2‘ 116 12 E i 38 42 55 61 60 g2
43 - NL: 9.99E2 | ] y T T
1of 51940, RSI 940, mainky, | 2
Entry# 9257, CAS# 5
8 112-14-1, Aceticacid, octyl | @
ester 4
-50-{
6 ” E
56 84 1
441§
-100-
20 % ‘ I & 12 s
27 ! 97 6 e LI B m e
T ! A Auﬂ Mo IL‘IT 129 139 157 173 20 s 60 80 100 120 140 173
E:n 100 m/z
miz
2-C 1-ol, 3-methyl-6-(1 , trans-
¥ A BN Tl Formula C10H180, MW 154, CAS# 16721-39-4, Entry# 58226
= .70 2-Cyclo mainlib | (IRER)-6 3 vy 2-enol, rel-
2 .44 2-Cyclo mainlib
a 0.49 2-Cyclo mainlib "
8 .22 4-Isopr¢ mainlib
§ 18 2-Cyclo mainlib |
& 0.16 2-Cyclo mainlib
g 0.13 5-Carar mainlib
0.12 Amyl cy mainlib
0.08 S5-Isoprc mainlib
0.06 1,2-Cyc mainlib
0.06 Eucalyg mainlib
0.04 2-Isoprc mainlib |
0.03 4,6,6-T1 mainlib
682 0.03 Cyclohe mainlib
675  0.03 Bicyclo| mainlib
673  0.03 4-Isoprc mainlib
703  0.02 2-n-He» mainlib
675 0.02 Bicyclo[ mainlib |
675 0.02 2H-Pyr: mainlib |
668 0.02 2-Isopr¢ mainlib |
686 0.02 I|-Menth mainlib
670 0.01 11-Oxa mainlib |
650 0.01 Cyclohe mainlib
748 0.01 4,4,6-T1 mainlib
648 0.01 2(3H)-E mainiib ‘ OH - I
"'” B4 “NL:9.99e2 Raw data - Library entry
32005-0703#3208 RT:
10.94 AV: 1S8: 40 100+
10.24-10.30 , 10.31-10.38 T: |
+ ¢ El Full ms [29.00-550.00] | 1
4 83 | 50
lg
20 M85 o 93 ‘,;, 4 a
12
3139[“ 53,|]‘ sm IJ_f] | 12ass % 3 ol30.07 40 us 5 67 7172 | 91 98 112 413 126 139 153
L 7y = NL: 9.99E2 D_TQT ] T
100 51908, RS1 926, mainkb, | & |
58226, CASH# g 1
80 16721-39-4, & 1
2-Cyclohexen-1-ol, |
3-methyl-6-(1-methylethyl)-, -50-
trans- !
i o J
| 4 1
| 43 83| o3 100
g B Tse 00 7 il
| 53 | ' lo7 121 135 154 ~
[0 ) I O s A
40 60 80 100 120
mz




[ 1-methyl-4-(1 i
Formula C10H180, MW 154, CAS# 586-81-2, Entry# 73130

2 X mainiib 1 g-Terpineol
2 8.83 Cyclohe mainlib ‘ OH
pa) 7.12 4-Terpit mainlib |
a 5.59 (1R,3R, mainlib
§ .94 (1R,3S, mainlib
a 3.49 (1R,3S, mainlib
g 842/ 2.74 2-Carer mainlib
B 263 a-TERF mainlib
B35 8 2.63 (+)-3-C: mainlib
11 831 858 222 c¢-Terpit mainlib |
12 830 852 2.14 a-Terpit mainlib
13 829 865 205 (1R,3R, mainlib
14 821 850 1.53 Cyclohe mainlib |
15 815 838 1.20 Tricyclo mainlib |
16 814 847 1.16 Bicyclo| mainlib |
17 813 839 1.1 Cyclopr mainlib |
18 813 838 1.11 (+)-4-C: mainlib !
19 812 813 1.07 trans-a- mainlib
20 810 825 098 Bicyclo] mainlib |
21 807 848 0.87 Terpiny mainlib |
22 807 838 0.87 cis-Ocir mainlib |
23 806 820 0.84 Bicyclo| mainlib i
24 805 829 0.80 (1R)-2,t mainlib
25 803 842 0.74 Bicyclo[ mainlib |
26 803 829 0.74 Bicycle] mainlib | )
100 C TNLO99E2 [ Raw data - Library entry =
] 32005-0703#3224 RT: |
E 11.00 AV: 1 SB: 40
80-] 10.24-1030 , 10311038 100
2 T: + cEIFull ms 5
] [29.00-550.00] i g
60 |
407 501
] g
20 s
] Bl 91
] § 30 3645 5960 62 77 78 | 92 103 118 150
(= N 00082 o——,—E——T—na—m i g T
o 51884, RS 884, mainlb, £ |
. Entry# 73130, CAS# 5
80 §50.81-2. Cyslfmaal, & 1
] 1 5 4
] ) .
601 S
40 1
20—: -100-
1 e Lt ki B L T T 2 L 5 T
oLy 40 60 80 100 120 140 155
miz |
C 1-methyl-4-(1 i . acetate
Formula C12H2002, MW 196, CAS# 10235-63-9, Entry# 11112
= 1-Acetoxy-p-menth-4(8)-ene
2 i
a K
E §
g # .
2 4
g : 0
25 775 788 026 Bicyc mainlib ; E
26 774 781 0.25 3-Cyt mainlib | g
o 03 NL: 9892 | Raw data - Library entry g
32005-0703#3307 RT: 11.28
AV: 1SB:30 11.00-11.04 .
11.06-11.12 T: + cEl Fullms | 1007
(29.00-550.00] &
o
a 136 s0-
§ 4
2
1 91
137 §
154 %6 1 304245 60 77 79| 93 105 141 152
4 il NL: 9.99E2 é o1 T v |/ T ¥
o0 51038, RS 638, mainiib, | & |
Entry# 11112, CASE#
~ 10235-63-9, Cyclohexanol, § 1
1-methyl-4-(1- -
136 methylethylidene)-, acetate 50
1
4
-100-
T T e
20 40 60 80 100 120 140 160 180 197
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mainlib

1-Decanol
Formula C10H220, MW 158, CAS# 112-30-1, Entry# 40357
Decyl alcohol

19 *
.63 Form mainlib ‘
.84 Cyclc mainlib
3.89 1-Do mainlib
3.73 1-Un: mainlib ‘
2.56 Cyclc mainlib |
058 2.16 Cyclc mainlib
878 1.52 Cyclc mainlib
8 1.47 1-No: mainlib
11 874 874 1.41 n-Tric mainlib
12 872 878 1.30 Decy mainlib
13 872 878 1.30 1-De: mainlib | OH
14 872 878 1.30 Cyck mainlib |
15 872 875 1.30 Cyclk mainlib |
16 871 878 125 1-Un mainlib |
17 868 875 1.10 Cyclk mainlib {
18 866 869 1.02 Cyclc mainlib
19 863 870 0.90 1-Do mainlib !
20 863 866 0.90 Cyclc mainlib
21 861 867 0.83 3-Teil mainlib |
22 857 866 0.70 Cyclc mainlib
23 857 864 0.70 Cyclc mainlib |
24 857 864 0.70 Cyclc mainlib ’
25 857 857 0.70 Cyclc mainlib {
26 855 861 0.64 Pent: mainlib }
g NLOGOEZ [ Raw data - Library entry .
] 32006-0703#3351 RT:
1 11.43 AV: 1.58: 30 | 1008
80 11.00-11.04 , 1|oe-111z‘
B T: + cEl Full b
B m.oosso.ool | E
€0} ! 1
407 50
o e
] {2
] 140 3 = 38 56 67
NL: 9.99E2 "=l ! " I ! T
1003 51955, RS1 955, mainib, | £ | [ I I l I
- Enlry# 40357, CASE 5 1
801 112-30-1, 1-Decanol &=
k| 50
60| 4
] y
40 B
1 4
. -100-
1 T T T —1—n
ol 5, 20 40 P 8 100 120 o 187
140 miz
4-Cubebene
n: gt Formula C15H24, MW 204, CAS# 17699-14-8, Entry# 165326
. mainlib
. mainlib |
i mainlib |
5 , mainlib
3 mainlib
. mainlib
i mainlib
3 mainlib
X mainlib
X mainlib
5 mainlib
3 mainlib
. : mainlib |
4 mainlib |
2 . mainlib
; mainlib
18 828 842 0.78 (1R,4at mainlib
19 826 834 0.72 1-Isopr¢ mainlib
20 822 822 061 a-Muurc mainlib
21 821 823 0.58 (+)-epi-l mainlib ‘
22 820 822 0.56 1,2,4-M mainlib |
23 818 819 0.52 Naphth: mainlib |
24 815 856 0.46 Bi ¢ mainlib |
25 813 816 0.42 Naphthi mainlib |
26 810 812 0.37 Bicyclo[. mainlib |
o 105 NL: 9.99E2 ‘ [ Raw data - Library entry
32005-0703#3540 RT:
12.07 AV: 1 88: 30 [ 1602
11.00-11.04 , 11.06-11.12
T: % cEl Full ms 1
129.00-550.00) l g
| w]
! 3 1
|8 1
| Sl 91
O 7 | 105 12 133 141 160 175 190
NL: 8.99E2 ] f[' T P i ¥
51920, RSI 935, mainiib, | S
Entry# 165326, CAS# | 1
8 17699-14-8, a-Cubebene 5 1
-50-1
60 4
81 g4 120 4
- 204 -100-
39
5351]" 95 133 447 'EQL S 5 0 R 1 o 7 1 LR, LB T
TS S, 40 60 80 100 120 140 160 180 206
150 200 miz

miz




Ht Sl RSl i Geranyl acetate
= : I3 ¥ By 7 Gy e Formula C12H2002, MW 196, CAS# 105-87-3, Entry# 36812
= ) ) 2,6-Octadien-1-ol, 3,7-dimethyl-, acetate, (E)-
a
8
& mainlib
3 1.13 2,6-Oct mainlib
b3 1.08 (2)-3,7- mainlib
5] 0.92 Geranyl mainlib : |
% 0.92 4-Hexer mainlib
0.88 (E)-3,7- mainlib
: 0.85 (E)-3,7- mainiib
11 838 840 0.85 Geranyl mainlib o o.
12 837 841 0.81 Propant mainlib
13 834 843 0.72 Heptan: mainlib |
14 832 850 0.66 Neryl bu mainlib i
15 832 835 0.66 Butanoi mainlib
16 828 832 0.56 (E)-3,7- mainlib
17 826 853 0.52 Hexano mainlib
18 824 830 0.47 Butanoi mainlib
19 822 828 044 (E)-3,7- mainlb
20 822 826 0.44 Butanoi mainlib
21 819 837 0.39 Geranyl mainlib
22 818 834 0.37 Geranyl mainlib
23 816 831 0.34 Butanoi mainlib
24 803 809 0.26 (E)-3,7- mainlib
25 808 817 0.25 Carbon mainlib !
26 806 806 023 (E)-3,7- mainlib B
NL: 9.99E2 ‘ Raw data - Library entry
32005-0703#3585 RT:
12.22 AV: 1S8B: 30 | 1004
11.00-11.04 , 11.06-11.12 |
T:+ cElFul ms | 5|
[29.00-550.00] ‘ g
| 4
| =]
2
e
4
| S
18 & 60 68 80
NL: 9.99E2 E ] L ; L
S1 945, RSI 945, mainlb, 2 |
Entry# 36812, CAS# =
105-87-3, Geranyl acetate @ |
-50+
43 1
| 8 1
93
e [ s w0 J #1138 .
jl 3| 5 |
| 94 107 5 L I e o e e e
o L vr{&l,wh, ol | 20 4 80 8 100 120 140 100 160 196
50 100 150 miz
miz
it Name ngene
> , sl Em1 ubel mainli Formula C15H24, MW 204, CASH 14912-44-8, Entry# 88458
= AR Tricyclo[4.4.0.0(2,7)|dec-3-ene, 8-isopropyl-1,3-dimethyl-, (1S.2R 6R,7R,8S)-(+)-
§ 15.27 Copaen mainlib
@ 12.00 (1S,4aF mainlib
& 3.40 (1R,2S, mainlib
g 2.33 (1R,3a¢ mainlib
& 2.15 Germac mainlib
E 2.15 g¢-Muurc mainlib
2.06 Cubene mainlib

g 1.66 Tricyclo mainlib
1 852 859 1.53 (S,1Z,6. mainlib
12 849 860 1.35 (1R.4a¢ mainlib
13 846 859 1.20 isoleder mainlib
14 842 842 1.01 a-Muurc mainlib
15 841 850 0.97 1H-Cyc mainlib
16 836 837 0.78 Naphth: mainlib
17 835 846 0.75 Cedren mainlib
18 833 833 0.69 Di-epi-2 mainlib
19 831 838 0.64 (1S.4S, mainlib
20 831 831 0.64 1,24-M mainlib
21 830 830 0.61 1H-3a,7 mainlib
22 829 833 0.59 Naphth: mainlib
23 829 830 0.59 Tricyclo mainlib
24 828 829 0.57 a-Muurc mainlib
25 827 871 0.54 cis-mut mainlib
26 826 837 0.52 1-Isoprc mainlib

105 119 B NL:9.98E2 S " Raw data - Library entry
32005-0703#3608 RT:
161 12.30 AV: 1 S8: 30 q
11.00-11.04 , 11.06-11.12 00+
T+ cEl Full ms 1
[29. .00] | 1
t 1
50
120 g |
o b 139 Lo |12 204 § 1 119 10
Jies 1S L 3 ol 30 40 62 75 81 82 103 117 160|162 173
105 T NL: 9.99E2 ] il i
51908, RSI 909, mainkib, § 3
e Entry# 88458, CAS# 1
120 14912-44-8, Ylangene 2
161 50
121 2‘0‘ '100:
o4 136
ol U ol B 175 | 40 60 80 100 120 140 160 180 06
100 150 200 miz




MM32005.281526381

MM32005.281526381

(1R,28 68,7S,8S)-8-Isopropyl-1 02,7]d 1
Formula C15H24, szo4 CAS#18252~44-3 Ennyh 18
1H-Cyc mainlib Tricyclo[4.4.0.02,7]decane, 1-methyl . (1R,25,68,78,88)-rel-
8.17 Tricyclo mainlib
8.17 (1S,4aF mainlib
6.90 cis-MuL mainlib
4.32 Germac mainlib H
2.87 a-Cubel mainlib : |
> 2.26 (S,1Z,6. mainlib
3 217 (+)-epi- mainlib
568 1.756 Bicyclo[ mainlib
1 856 863 1.61 isoleder mainlib
12 849 889 1.23 Bicyclo: mainlib
13 843 843 0.97 (1R,3a¢ mainlib
14 841 845 0.89 ¢-Muurc mainlib
15 836 842 072 (1S.4S, mainlib [
16 834 839 0.66 1-Isoprc mainlib |
17 828 828 0.52 Ylanger mainlib |
18 827 861 0.50 cis-mut mainlib
19 827 836 0.50 Zonarel mainlib
20 825 832 046 1H-Cyc mainlib
21 824 824 044 Copaer mainlib | H
22 818 824 0.35 (3R,3aF mainlib
23 817 819 0.33 Naphth: mainlib l H
24 812 813 0.27 3a,7-M¢ mainlib
25 809 809 0.24 (-)-Arist mainlib
26 808 808 0.23 a-Muurc mainlib |
100+ 161 NL9S9EZ ) Raw data - Library entry
] 32005-0703#3632 RT: 12.38 AV 1 |
B $8:30 11.00-11.04 , 11.06-41.12 | 2
a0 T: + ¢ E1 Full ms (29.00-550.00] ; o?
o] 1
] B
40 [ 8
204 1% ] 91 105
1 | 81 119
- Ty 5 ™ LLLML“ .L % 147 160 204
o NL: 9.99E2 2 o]
1007 S1 935, RSI 935, mainlib, Entry# % ]
a2 165318, CASH 18252-44-3,
a0 (1R,25,65.7S 8S)-BIsopropyk-1- | &
] imethyl-3- 4
1 imethylenetricyclof4.4.0.02.7)decane- | _g0-
60 rel- ]
0 105 4
. b il ]
1 -1
204 4, 7770 |03 133 162 2
;as]jz J‘w“sgz‘?‘ L e e T e I—
ol ol WK b398 18 | 40 60 80 100 120 140 160 180
50 100 150 200 miz
miz
Acetic acid, decyl ester
na Formula C12H2402, MW 200, CASO 112-17-4, Entry# 9249
mainlib n-Decyl acetat
mainlib
mainlib
mainlib |
mainlib |
mainlib
mainlib
mainlib
mainlib
3 mainlib :
12 828 867 0.80 1-Dode mainlib o
13 823 823 0.65 1-Pentz mainlib
14 820 821 0.57 1-Hexa mainlib
15 818 818 0.53 Heptad: mainlib
16 817 864 0.51 Dichlorc mainlib
17 814 871 045 1-Unde mainlib
18 814 824 0.45 Decyl tr mainlib
19 813 859 043 E-11,12 mainlib
20 812 829 0.41 Pentadc mainlib
21 812 818 0.41 3,7-Dim mainlib
22 810 854 0.38 Cyclode mainlib
23 810 853 0.38 Cyclodc mainlib
24 809 854 0.37 Cyclooc mainlib
25 807 859 0.34 1-Unde mainlib
26 804 839 0.30 Formic mainlib
1 43 NL:9.99E2 Raw data - Library entry
SZDOSWOWB RT:
12.44 AV: 1SB: 30 |
11.00-11.04 , 11.06-11.12 | 1007
4 50+
'8
20 5 a8
2
AN 31 42 5561 g
o 3 NL: 9.99E2 S L il R | " T
51957, RSI 957, mainlb, | ;
Entry# 9249, CAS# g 1
8 112-17-4, Acetic acid,
decyl ester R
-50-
4
-100-
) L UL I I e e e e e e e e
128341 167 185 20 40 60 80 100 120 140 160 185

miz




Dodecanal
Formula C12H240, MW 184, CAS# 112-54-8, Entry# 2744
Lauraidehyde

=3 3
g X
= .42 Undeca mainlib |
& 3.16 1,1-Doc mainlib |
§ 254 trans-2- mainlib |
a8 225 Pentade mainlib ‘
% 1.81 Tetrade mainlio |
1.67 13-Mett mainlib |
1.47 1,15-Pe mainlib |
1.47 Hexade mainlib |
1.04 Cyclode mainlib
0.88 Heptad: mainlib
0.71 2-Tride« mainlib /\/\/\/\/\//\
0.68 Eicosar mainlib o
16 816 842 065 trans-2- mainlib {
17 816 819 0.65 1,11-Ur mainlib |
18 815 838 063 11-Eico mainlib |
18 812 812 0.55 E-2-Tet mainlib |
20 811 814 0.53 Octader mainlib i
21 807 828 0.45 2-Decer mainlib |
22 807 822 0.45 1,2-Epc mainlib |
23 804 806 0.40 Oxirane mainlib |
24 802 804 0.36 Oxirane mainlib f
25 801 801 0.35 1,12-Dc mainlib |
26 796 799 0.28 1,19-Eic mainlib |
NL: 9.99E2 Raw data - Library entry ¥
32005-0703#3657 RT:
1247 AV: 1 SB: 30 603
11.00-11.04 , 11.06-11.12
T:+cElFull ms | =
[29.00-550.00] | &
i ]
| 504
| i
B 1
140 [ B 5 5768 8:13233 %
i 156 168 i 0 fes .Ilu AT M0 128 151 187
NL: 9.99E2 SN I
1950, RS| 956, mainkb, = |
Entry# 2744, CAS# =
8 - 112-54-9, Dodecanal & 7
-50-4
82 B
29 67 4
. 44 70 % ]
2 54 85 |97 410 Vb 1
68 |iil 72 %8| 123 —T — T e
Bl k! | l‘,. “8,6."‘, L3 L 158 tes 1 a0 g 8 100 120 140 160 12
50 00 150 miz
miz
a Caryophyllene
>aryopl émmj ’ Formula C15H24, MW 204, CAS# 87-44-5, Entry# 73222
= .97 Bicyclo| mainlib Bicyclo[7.2.0Jundec-4-ene, 4,11,11-trimeth ylene-, [1R-(1R* 4E,95"))-
3 62 Bicyclo[ mainlib
a | Bicyclo| mainlib
1 $ 1R,3Z,£ mainlib
>3 .53 (1R,9R, mainlib
51 .29 5-Hydrc mainlib
g .02 Longifol mainlib
: Cyclohe mainlib
4 Bicyclo[ mainlib
.83 Bicyclo[ mainlib
. Spiro[5. mainlib
A 1H-Cyc mainlib
.73 1H-Ben mainlib
% Bicyclo[ mainlib
.65 Bicyclo[ mainlib
17 855 856 0.63 Alloaror mainlib
18 854 859 0.60 &-Longi mainlib
19 854 859 0.60 4,11,11 mainlib
20 853 858 0.58 (S,1Z,6. mainlib
21 849 853 0.49 cis-a-F¢ mainlib
22 849 852 0.49 Aromar mainlib
23 845 845 041 1,4-Met mainlib
24 843 847 0.38 10,10-C mainlib
25 838 839 0.30 (-)-Tricy mainlib
26 837 839 0.29 a-Guaie mainlib
D  NL:8.89E2 - Raw data - Library entry
: m Ry
1 4 L 11.00-11.04 , 11.06-11.12| 1007
80 T T ?% El Ig:l ms 5 '\g il
b (29.00-550.00] g
60 J
40 501
] § |
20 g 7 8
] 3 o o ser % 9 e
g NL: 9.99E2 p it R L "|‘” | ==
] 51963, RS1 963, mainlib, |2 |
1 Entry# 73222, CAS# |
80 87-44-5, Caryophyllene § 1
3 50~
60 :
] 107 A
a0 55 67 4
1 x| ® L i
o 189 0
12l M L 204 T - T : o Bt e
o | JKJLﬁ« ok 20 40 60 80 100 120 140 160 180 205
50 100 150 200 miz




MM32005.281526381
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1-Undecanol
Formula C11H240, MW 172, CAS# 112-42-5, Entry# 21717

S mainlib Undecyl alcohol
5 mainlib |
g mainlib |
% mainlib
. mainlib
5 mainlib
4 mainlib
4 mainlib
V i mainlib
3 mainlib
o mainlib
¢ mainlib |
14 796 836 1.58 4-Dode mainlib | \/\/\/\/\/\
15 796 831 1.58 3-Tetrar mainlib OH
16 795 840 1.51 4-Tetrar mainlib
17 794 844 146 Cyclope mainlib |
18 794 820 1.46 3-Hexa mainlib |
18 793 871 140 6-Dode mainlib
20 793 871 1.40 Cyclope mainlib |
21 793 830 1.40 7-Hexa mainlib |
22 793 810 1.40 1-Tride« mainlib
23 792 831 1.34 3-Dode mainlib ;‘
24 791 829 1.29 6-Tetrar mainlib i
25 790 867 1.24 1-Methy mainlib
26 790 858 1.24 Cyclote mainlib |
100+ 55 NL: 9,99E2 | Raw data - Library entry
] 69 32005-0703#3784 RT:
] 12.90 AV: 1 §8: 30 |
80 o 11.00-11.04 ,11.06-11.12 | 1007
5 41 |s6 [ 83 T: + cEl Full ms 7
] 129.00-550.00) | g
60-] 57 | 4
] 97 1 4
407 6s 82| % Ly 0
] m 1
o @ 54 % ul“z g 1 80 e
] e 121 | 4 57 121 140
11 l..‘ [ 11 180 204 |2 so40 7 7l o4 P M e e 2
d 55 NL: 9.99E2 i l[l ||" " T T
1083 60 51838, RSI 944, mainiib, 2
1 4 Entry# 21717, CAS# 3
80-] s |70 112-42.5, 1-Undecanol | @ |
1 43 & i)
*3 57 N
1 97 E
40 6 -
J28.3 o &2 o
] 100~
20 27 ’ 4 . T as
] TEETT IS I S B 2 o e e s e R L A R AL 1
puiadlI 9 8 y ,”L M. . 20 40 60 80 100 120 140 160 180 208
50 100 150 200 miz
miz

| (18,2E 6E,10R)-3,7,11,11-Tetramethylbicyclo(8.1.0Jundeca-2 6-diene
'J.Bq Formula C15H24, MW 204, CAS# 24703-35-3, Entry# 112320

|

|

Bicyclo[8.1.0Jundeca-2, 6-diene, 3,7,11,11-tetramethyl-, (1S,2E 6E,10R)-

mainlib
10.19 g¢-Elem¢ mainlib
1,5-Cyc mainlib
(1R,4R, mainlib
A 1-Cyclo mainlib !
41.74 (3S,3aS mainlib :

3 Bicyclo¢ mainlib

Naphthi mainlib

1H-Cyc mainlib

Cyclohe mainlib |
Bicyclo[ mainlib |
mainlib

Longifo mainlib

(1R,9R, mainlib

1H-Ben mainlib |
(-)-Isoar mainlib |
(1R,4R, mainlib |

4
w
£
£
w
SR S o A
S2IIBYLLRERY
5
S

19 835 836 1.07 1H-Ben mainlib |
20 831 838 0.90 (S,1Z,6. mainlib

21 831 833 0.90 Alloaror mainlib |
22 830 831 0.87 aHumt mainlib |
23 828 829 0.80 Azulene mainlib |
24 827 828 0.77 1H-Cyc mainlib |
25 826 858 0.74 Cyclohe mainlib |
26 826 828 0.74 Patchou mainlib

121 NL: 9.99E2 Raw data - Library entry
32005-0703#3858 RT:13.15 |
AV: 1 $8:30 11.00-11.04 ,
11.06-11.92 T: +cEl Fullms | 1007
26.00-550.00) i
[ ]
| s0+

il 41 105

a9 55 81 B 161

o 4 P 687 |ls3lfee I}OG 124 142 160 | 162 179 207
: 12

NL: 9.99E2
S1912, RSI 914, mainlib, Entry#
112320, CAS# 24703-35-3,
(18,2E 6E,10R)-3,7,11,11-

al

Tetr: lof8.1.0Jundeca- -
-50-{
136 181 -100~
147 189 2
| 162 i S B e WA A e e ]
T T 40 60 80 100 120 140 160 180 208
150 200 miz
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00004 aamnal
8RR8IIN

@ o w©
@ oeN

¢

(1S,4aF
¢-Muurc
(1R,2S,
(1R,3a¢
a-Muurc
(184S,
cis-MuL
Copaen
Naphth:
1H-Cyc
a-Muure
(+)-epi-
a-Cube
1-Isoprc
Zonare!
1H-Cyc
1H-Cyc
a-Cupre

72 Naphth:

coooo0
o N »
02 o - o

0.59

5-Azule
12,4-M
Naphth:

mainlib

mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib

Tridecy!
1-Pentz
1-Hexa
Heptad«
1-Unde:
Acetic
Cyclodc
1-Dode:
1-Aceto
Cyclopr
1-Tride
2-Buten
Fluoroa
Formic
1-Tetrac
1-Dode:
Acetic ¢
Eicosyl
n-Tride
1-Dode
1-Hexar
Heneicc
n-Pentz
3-Octac

mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib
mainlib

T
mainlib

82|84

97

100

m

QGW}L

112 140

14 156 198 160

miz

4,7-dimethyl-1,2,3,5,6,8;

Formula C15H24, MW 204, CAS# 16729-01-4, Entry# 165423

Cadina-1(10),4-diene

NL: 9.99E2

11.06-11.12 T: + ¢ El Full ms

|
32005-07¢ . }
AV:188:30 11.00-11.04 . |
[29.00-550.00] |
|
|

Relative Abundance

NL: 9.99E2
S1 904, RSI 921, mainlib,

Raw data - Library entry

222

100
501
: 81 105 119
1%
) 79|83 95 L107|121 147 159 163 189 207 p0g
o - T
50+
-100-
B 2 e L R M o R L B T 7T n
40 8 100 120 140 160 180 200
miz

Lauryl acetate
Formula C14H2802, MW 228, CAS# 112-66-3, Entry# 7817

Dodecan-1-yl acetate

|
|
|
|

" NLS.9GE2
32005-0703#4031 RT:
13.74 AV: 1 SB: 30 |
11.00-11.04 . 11.06-11.12

[29.00-550.00] ’

Relative Abundance

213

NL: 9.99E2
S1849, RS| 953, mainiib,

213

Raw data - Library entry

100+
50
- €9 720
1 S 7 14
9 hi [L & '1' 125 139 159 168 187
[ -
-50-1
-100-
o L L A LA 5 . L 1 AL L L5 |
20 40 60 80 100 120 140 160 180 213
m/z




MM32005.281526381

Pentadt
Dodeca
Trideca mainlib

Tetradecanal
Formula C14H280, MW 212, CAS# 124-25-4, Entry# 27669
Myristaldehyde

MM32005.281526381

Hexade mainlib |
893 13-Mett mainlib
& .56 Heptadi mainlib
8 3.31 Eicosar mainlib
8 266 trans-2- mainlib
860 2.15 Octader mainlib
897 2.06 Undeca mainlib
865  1.82 2-Tridet mainlib
848  1.43 Oxiranc mainlib
891 138 1,15-Pe mainlib
847  1.16 Cyclodc mainlib
860 1.03 Pentacc mainlib
869  0.99 1,1-Doc mainlib
838 0.99 Oxirane mainlib
837 0.99 E-2-Tet mainlib
860 0.87 11-Eico mainlib
857 0.87 Tetraco mainlib
862 0.84 trans-2- mainlib
842  0.80 1,12-Dc mainlib
833 0.77 18-Non mainlib
828 0.65 1,19-Eit mainlib
828 0.63 Oxirane mainlib
7 NL:9.69E2
82 32005-0703#4049 RT:
13.80 AV: 1 SB: 30
11.00-11.04 , 11.06-11.12
T:+cEl ms
[29.00-550.00] |
67 | 96
| 97 8
2
10 1oy g
l [ .78 104 218 385 ‘5
NL: 9.99E2
51909, RS) 914, mainiib, é
ntry# 27669, CAS#
124254, Tetradecanal | &
9
|
a7 |
110
111 168
el o
L B 3% BB m T T
100 150 200 250 300 350

miz

g

Raw data - Library entry

N T

| -100-

g
30 4155 | 206 147 75 218
ey T
T T T
50 100 150 200 250 300 355
miz

n PRI AR AR AR |
mainli
& mainlib

mainlib

mainlib

mainlib

mainlib : ‘

mainlib

mainlib
Heneicc mainlib ‘
& mainlib |

mainlib L
891  1.28 Cyclohe mainlib
855 1.23 1-Doco: mainlib ‘
854  1.19 1-Tetrar mainlib
887 1.08 n-Hept: mainlib
846  0.86 Tricosyl mainlib |
893 0.82 Cyclodc mainlib |
853  0.82 Tetrade mainlib
894 0.7 n-Tride: mainlib
884 0.79 n-Pentz mainlib
909 0.73 Cyclotri mainlib
880 0.73 1-Tetrar mainlib
872 070 1-Tetrar mainlib
857 067 1-Unde mainlib
885 0.62 Cetene mainlib |

1-Tetradecyl acetate
Formula C16H3202, MW 256, CAS# 638-59-5, Entry# 7916
Tetradecanol acetate

FS

~N

3 NL: 9.99E2
32005-0703#4373 RT:
14.90 AV: 1 SB: 30

6 8 [ | |
97
m
29 125
1 LL 126 188 196 497 241 281
3 NL: 9.99E2
51928, RSI 928, mainiib,
nry# 7916, CASE
638-60-5, 1-Tetradecyl
acelate
55

83

125

126 168 4g¢ 197 241
T T

50 100 150 200 250
miz

Raw data - Library entry

Relative Abundance

69
AT
4 'hll L L M 125 139 167 196 207

5 s o S B o e B Rt o [ a2 L S i LG

50 100 150 200 250 281
miz




69

PHU LUC 2. PHO KHOI CUA CAC THANH PHAN TRONG TINH DAU QUA

HOANG MQC LEO
Unknown; InLib=101

100~ =S
91
50+
77
79
4 53 67 105
121
43 | | ’ 136
0 }‘Al..w.‘,‘x.li«_74.!,1..8.6?2 P N R N
40 50 60 70 80 90 100 110 120 130 140 150

(Text File) 5.070 min, Scan: 166

Name: 5.070 min, Scan: 166
MW: N/A ID#. 24905 DB: Text File Comment: TD 2 SCANDENS BLUME_6-8-

2020.xms Synonyms: no synonyms.
Unknown; InLib=-229

100- S

50+ 79 121

a1 9

107

53
136

191 208 232 249265 322 343 429
60 a0 120 150 180 210 240 270 300 330 360 390 420
(Text File) 5.335 min, Scan: 207

0,

Name: 5.335 min, Scan: 207
MW: N/A ID#: 24907 DB: Text File Comment: TD 2 SCANDENS BLUME_6-8-

2020.xms Synonyms: no synonyms.



70

Unknown; InLib=-113

100~ =2
91
50+ 7
79
41
65 69
43 53 - 105 121 136
ol L0 lliss @l L eollll 198 ' 1o8 r__ 151
40 50 60 70 80 90 100 110 120 130 150 160 170

(Text File) 5.723 min, Scan: 267

Name: 5.723 min, Scan: 267

MW: N/A ID#: 24908 DB: Text File Comment: TD 2 SCANDENS BLUME_6-8-

2020.xms Synonyms: no synonyms.

Unknown; InLib=-138

100- e

50+

41 77

53

121
107 136

253 282

0 N 163 193207
o LA L L B B B N B R BN B

(Text File) 5.814 min, Scan: 281

Name: 5.814 min, Scan: 281

MW: N/A ID#: 24909 DB: Text File
Comment: TD 2 SCANDENS
BLUME_6-8-2020.xms Synonyms:

no synonyms.

60 90 120 150 180 210

240 270 300 330 360 390

373 389
T



71

Unknown; InLib=109

100~ 83

41
69

50+

77
53

107 121
R R O A T - QU 249 265 281

40 60 80 100 120 140 160 180 200 220 240 260 280
(Text File) 5.956 min, Scan: 303
Name: 5.956 min, Scan: 303
MW: N/A ID#: 24912 DB: Text File
Comment: TD 2 SCANDENS
BLUME_6-8-2020.xms Synonyms:

Nno synonyms.
Unknown; InLib=-151

1004 41

57

50+

100

128 142 157 193 209 226 249 281 307 323 343

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
(Text File) 6.163 min, Scan: 335

Name: 6.163 min, Scan: 335

MW: N/A ID#: 24913 DB: Text File
Comment: TD 2 SCANDENS
BLUME_6-8-2020.xms Synonyms:

no synonyms.



Unknown; InLib=155

72

100~ =S
91
77
50
41 65 79 136
43 oL 6 105
oL A e Tlor NI elll| 8 me
40 50 60 70 80 90 100 110 120 130 140 150
(Text File) 6.279 min, Scan: 353
Name: 6.279 min, Scan: 353
MW: N/A ID#: 24914 DB: Text File
Comment: TD 2 SCANDENS
BLUME_6-8-2020.xms Synonyms:
no synonyms.
Unknown; InLib=116
100~ B
93
50 79
91
77
53
41 107 121
- 65 136
63
0 !1'..%\!4\.5‘8,<M‘l |174|!, 89|||l||||115|| : — :
40 50 60 70 80 90 100 110 120 130 140 150

(Text File) 6.771 min, Scan: 429

Name: 6.771 min, Scan: 429

MW: N/A ID#: 24915 DB: Text File
Comment: TD 2 SCANDENS
BLUME_6-8-2020.xms Synonyms:

no synonyms.



73

Unknown; InLib=312

100~ A
43 o
41 55
50- -
67 -
53
g3 91 121
77
51 65 H H 26 107
136
I T O PP O A 3 o O O P S U - S

40 5 60 70 8 90 100 110 120 130 140 150 160
(Text File) 8.200 min, Scan: 650

Name: 8.200 min, Scan: 650

MW: N/A ID#: 24916 DB: Text File
Comment: TD 2 SCANDENS
BLUME_6-8-2020.xms Synonyms:

no synonyms.
Unknown; InLib=-825

1004 40
50
69
55 79 93
139
207
. Wl 147160 177 191 221934

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
(Text File) 8.795 min, Scan: 742
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DANH MUC GHI TAT

BYT Bo Y té
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NF Nanofiltration

QCVN Quy chuan k¥ thuat qubc gia
TCVN Tiéu chuan Viét Nam
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TCVN Tiéu chuan Viét Nam
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3 V6 Ngoc Thao Trang — 1710935 TS. Nguyén Cdng Nguyén
4 Nguyén Thi Cam Van — 1710939

5 Manotham Saiysack — 1710050




MO PAU
% Tinh cép thiét cia dé tai

Viét Nam 13 dat nuée ¢ phan 16n 1anh thd giap bién vai chiéu dai 1a 3260 km
ngudn thay hai san phong phu, nguén nude doi dao. Tuy nhién tinh hinh xam nhap man
dién ra ngay cang nghiém trong anh huéng lén dén sinh hoat ciia nguoi dan. Anh huong
cua tinh hinh xam nhap man nén 8 tinh ven bién c6 nguy co xAm nhap man véi dién tich
339.234 ha, chiém 35.51% cua viing ven bién dic biét 1a khu vuc Da Ning va toan viing
Pong Bang Séng Cuu Long udc tinh ndng d6 mudi 1on hon 1.600 mg/L. Hon 2/3 dan
s6 TP.Pa Ning ding nudc sinh hoat Iy tir sdng Cau Do, nhung thoi gian qua, d6 man
& day luén & mirc cao nén sy viéc khién nguoi dan bat an. Nhiéu khu vuc dan cu & quan
Lién Chiéu, Ngii Hanh Son, Son Tra... lién tuc xay ra tinh trang tut ap, cot nudc giam
manh anh hudng dén sinh hoat.

Bén canh d6, cing véi su gia ting nhanh chong vé dan sb thi ngudn nuéc ngot ngay
cang khan hiém va hoat dong cta ngudi dan do xam nhap man khién cho sinh hoat cua
gan 2.600 ho va nhiéu co quan dong chan trén dia ban gip kho khin thi viéc tao ra ngudn
nuéc sach sir dung cho nhu cau sinh hoat dwoc xem [a nhiém vu cip bach.[1]Vi vay,
viéc tng dung cong nghé mai dé xir Iy nudce nhiém min thanh nudc ngot 1a xu hudng
rat dang dugc quan tim nham cung cip nuéc sach cho ngudi din dic biét 1a ving ven
bién. Viéc ung dung cdng nghé mang chung cat VMD (Vaccum Membrane Distillation)
xt Iy nuéc min thanh nuéc ngot cho ngudi dan ving ven bién 1a can thiét. Uu diém
vuot troi cia phuong phap nay 1 hiéu qua xu ly cao, chi phi thip hon so véi cac cong

nghé RO, tham tich dién ED, tiét kiém nhiét ning, ap suét rat thip nén do tham thau cao.

Pé tai: ““ Nghién ciu wng dung céng nghé VMD (Vaccum Membrane
Distillation) dé xir Iy nwéc nhiém main tai song cau Poé - Pa Ning’’ dong vai tro quan
trong trong viéc tim ra giai phap loai mot s6 ion mudi, mam bénh trong nudc bi nhiém
man nham cung cap nudc sach cho ngudi dan.

< Muc tiéu cta dé tai nghién ciu

X1r Iy nuéc nhiém mén thanh nudc ngot dat QCVN 01:2009/BYT (P duc, TDS,
Ca%**, Mg?,...)) bang hé théng cong nghé mang chung cit (Vaccum Membrane

Distillation -VMD) véi cac muc tiéu cy thé nhu:



- Thiét ké va danh gia hiéu qua cia md hinh VMD cho mé hinh xu 1y nuéc nhiém man;

- Tim céc diéu kién van hanh téi wu dé xa Iy nude bi nhiém man ¢ khu vyc séng Cau

D6 - Pa Ning nham cung cap nudc sach cho ngudi dan.
% N§i dung nghién ctu

- Khao sat, diéu tra s6 liéu tinh hinh nhidm man va chét luong nudc.

- Thiét ké va chay mé hinh dang phang véi mau nude nhiém man gia lap.

- Ghi nhan sé liéu tinh toan, hiéu suat xt ly, tim ra nhiing yéu diém md hinh va tim
huéng khac phuc.

- LAy mAu thyc dia, phan tich chat luong nuéc dau vao.

- Thtr nghiém mé hinh dang phang véi mau nudc thuc dia.

- Phan tich chat lugng mau nude dau ra tai phong thi nghiém.

- Hoan chinh lai m6 hinh loc nugc VMD c¢6 kha niang xir Iy nuéc nhiém man thanh nuéc
ngot.

% Phwong phap nghién ciru
- Phwong phap nghién ctiru
+ Thu thap sb liéu: Tinh hinh nudc bi ngap man & cac ving ven bién hién nay
+ Phuong phap Iy miu: Theo QCVN 10:2008/BTNMT
+ Thuc nghiém, diéu tra, danh gia, phong van, phan tich
+ Thuc dia khao sét thong ké

- Phuwong phap tinh toan:

14
Axt

L
(mzh

*Thong luong tham: ], = )

Trong do:

V: thé tich tham (L)

A: dién tich mang (m?)
t: thoi gian tham (h)

P n Yy us Moo =My x
*Hiéu qua xu ly: RY% = —hoe —thim x 100

truéc



Trong do:
R: hiéu qua xu ly
M, ysc - TDS , DO duc, Clorua, Sunfat, Do oxi hda ban dau

Mnsm < TDS, D6 duc, Clorua, Sunfat, Do oxi hda tham
- Phwong phap xac dinh cac thong sé:

Thong s6 Po duc : phuong phap do tan xa 4nh sang hodc do nhanh bang bat thir TDS
(TCVN 6184:1996)

Thong s6 Ca**  : Phuong phap chuan do voi EDTA (TCVN 6224:1996)
Thong s6 Mg?*  : Phuong phap chuan d6 véi EDTA (TCVN 6224:1996)

Thong sé Clorua : Chuan d6 bac nitrat (AgNO3) véi chi thi cromat (phuong phap
Mohr) (TCVN 6194 - 1996)

Do oxi hoa : Phuong phap dung kalipemanganat (KMnOa) (TVCN 4565-88)
Théng sé pH : Phuong phap do nhanh dung pH ké (TCVN 6492:°1999)
< Poi twong va pham vi nghién ciéu
- Pham vi Nghién ciru:
+ Nué6c nhidm min séng Cau Do - Quan Hoa Vang — TP Pa Ning
- Péi twong nghién ciru
+ Mau nuéc & TP Pa Nang
+ Mang MD
+ Cau hinh mang VMD (Vaccum Membrane Distillation)
% Y nghia thuc tién

v' Pé tai da nghién ctru dugc céc thong sé van hanh tdi wu cho md hinh mang
VMD dé loc thanh cong nudc nhiém min thanh nudc ngot.

v' Pé tai dugc thuc hién l1a sy tién phong cho viéc ung dung cong nghé mang
loc VMD mét cach hiéu qua nhat trong xir Iy nudc nhiém mian thanh nudc
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ngot cho ngudi dan viing nhiém min ma chwa ¢ mot cong trinh nghién ciu
nao trén thé giGi tiép can dén n6é mot cach cu thé.

Viéc thuc hién thanh cong dé tai 12 tién dé dé tao ra may loc nudc nhiém man
véi chi phi thap, hiéu qua xir Iy cao, d& sir dung, giai quyét tinh trang thiéu
nudc sach sinh hoat ciia ngudi dan ving nhiém man & nudc ta néi riéng va

trén thé gigi ndi chung.



CHUONG 1: TONG QUAN TINH HINH NGHIEN CUU

1.1. Hién trang thiéu nwéc & cac ving bi nhiém man

Nudc sach dong mot vai trod rat I6n dbi voi doi sdng con ngudi: boi nudc chiém mot
lwong 16n trong té bao, nudc van chuyén, dwa mau di khip co thé, nudc thanh loc than.
Nguoi ta ¢6 thé nhin 4n vai ngay hoic tham chi 12 vai tuin nhung khong thé nhin uéng
qua ba ngay. Khong c6 nudc, con ngudi s& khdng thé duy tri dugc su séng cho chinh
minh. Nudc sach con 12 yéu té khdng thé thiéu dé san xuat, tudi tiéu cho néng nghiép,
lam giam nhiét may cho cong nghiép nang, lam sach nguyén liéu cho céng nghiép nhe....
Vi vay nuéc sach 1a mot tai nguyén khong thé thiéu cho su duy tri va phét trién kinh té.
Ngudi dan thuong xuyén sir dung nude nhiém man s& gay anh huong khong tét ddi voi
stc khoe. Nuéc nhidm min khi vao co thé s& gdy mat nudc, teo té bao va gay cac bénh
ly vé tiéu hoa nhu dau bung, ndn mira, tiéu chay cap, viém rudt cap tinh. Lau dai, ching
lam suy giam chtic ning dé khang, nuéc min néu dung dé tam rira thudng xuyén con
gay ra cac bénh ngoai da nhu viém da, mun nhot, ghé 16 va c4c ban vé mat. Bic biét
nuéc nhiém min s& phé hoai,lam ri sét c4c thiét bi, d6 dung sinh hoat trong nha nhat Ia
cac thiét bi bang kim loai. B4i voi ndng nghiép nude nhidm man s& xam hai dén mua
mang, cay cbi s& khong thé sinh truéng va phét trién mot cach ty nhién, gay giam ning
Suit cua cay trong.

Hién tai cac séng sudi, ngudn nudc ngot & nudce ta dang dan bi xam nhap man.
Theo s6 lidu théng ké, ciing nhu qua qua trinh quan tric hién trang méi trudng tai thanh
phé Da Néng cho thiy S6ng Cam Lé doan qua Cau D6 bi nhiém man nghiém trong ngap
man gap 14 1an mac cho phép dan dén khong du ngudn nude dé cung cip cho ngudi
dan. Nhiéu khu vuc tai Pa Ning nhu Son Tra, Cam Lé, Ngii Hanh Son,.... 3 bi mat
nuéc, hut nude nghiém trong do séng bi nhiém man khién nguon nudc sach khong du

san xuat, sinh hoat bén canh dé thuc vat ciing bi anh huong nghiém trong.[2]



Hinh 1.1: Pa niing bi thiéu nwéc sach vi nwéc song Cau Po nhiém main

( Ngudn: Béo tuoi tré)

Céc tinh Pong Bang S6ng Ciru Long trong thoi gian qua dién ra tinh trang khan
hiém nudc ngot rat nghiém trong. Nguoi dan khéng co nudc ding, séng trong canh thiéu
nuéc, mot phan do han han kéo dai mét phan do tinh trang xam nhap man. Hién nay tinh
hinh xdm nhap man trén cac sdng chinh tai tinh Bén Tre dang dién bién hét stc phuc
tap, min xam nhap nhanh, d6t ngot va rat sau. Ranh min khoang 4g/I xam nhap sau nhat
khoang 60-80km trén hé théng séng Tién va khoang 10 — 110 km trén céc hé théng séng
Vam Cé. Ngudn nudéc sinh hoat tai cdc nha may nudc cap cho cac d thi trén dia ban
tinh va hé thdng nha may cia Trung tim Nudc sach va vé sinh méi truong ndng thon
tinh Bén Tre di nhiém min cd noi trén 2%.. Trong thang 3/2020, d6 man 4%o co kha
nang xam nhap sau cach cira song khoang 85km, d6 min 1%o bao trim toan b tinh Bén
Tre. Nudc ngot dugc mua tir cac cdng ty cung cap cap nudc véi gia thanh khé cao tir
100.000 ddng dén 150.000 dong/m?® gap 10 lan so véi ngay thuong 1am nguoi dan lao
dao trong viéc vira "chay dua" dé mua nudc vira ton mot khoang tién kha 1on cho viéc
mua nuéc. Bén canh d6 nguoi dan cac tinh Bén Tre ciing duoc su hd tro tir cac cip chinh

quyén dé phan nao giai quyét nan khat nudc tai khu vyc.[3]
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Hinh 1.2: Han min tai Nam B dat dinh, mién Tay thiéu nwéc nget trim trong

(Nguon: Bao tudi tré)

Ngay 10-10 - 2019 (nim), sau khi phat hién ngudn nudc sach song Pa co mui
kho chiu, nguoi dan thudc 12 toa nha khu d6 thi Linh BDam, Ha Noi phai di mua binh
nudce sach @ dung. Tinh trang hét nudce loc dong chai ciing dién ra ¢ cac ctra hang tap
hoa. Do khong cé gid niém yét nhu trong cac siéu thi, nhidu cha cira hang tap hoa
tranhtht ting muc gia nudc 1én 10.000-20.000 ddng so véi trude day.

Thé nhung do nhu cau str dung cao, cu dan van nham mat chip nhan mic gia nay,
nhiéu cira hang tap hoa ludn trong tinh trang "chay hang".

Ngoai ban céc binh nudc cod xuét xt nhu Lavie, Aquafina, cac ctra hang nho 1€ con
nhdp thém ca binh nudc loai 20 lit v&i gia chi 15.000 dong, dii ho khéng dam chéc vé
xuat x{r va chat lugng ctia cac binh nudc nay.

M6t ngudi dan ving nhidm man chia s& "Mai ngay bo ra 60.000-70.000 dong

dé co nudc dung 1a qué cao, khdng phai ai ciing c6 di kinh té dé bam tru duoc [4]
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Hinh 1.3: Nguwoi din mua nwéc déng chai véi gia thanh cao (Nguén: Béo tudi tré)

Qua ddy da cho ching ta thdy duogc tinh trang thiéu nudce sach cta ba mién Bic —
Trung — Nam cua Viét Nam la rat cao. Cho nén, viéc sit dung céc cong nghé tién tién dé
c6 thé loc nude nhim man thanh nude ngot la van dé rat can thiét cho thoi diém hién tai
dé c6 thé cung cap luong nudce sach cho ngudi dan sir dung trong cac hoat dong sinh hoat
hing ngay ma khong phai lo dén viéc nude sach dit do va ting gia khi c6 su ¢b vé nude

xay ra.

1.2. Cac cdng nghé xit IV nwéc nhiém mian thanh nwéc ngot da dwoc ap

dung
1.2.1 Cong nghé chung cat nhigt

Quy trinh hoat dong cua hé théng nay nhu sau, nuéc man dugc dua vao bé chua,
duoc phan tan dong déu trén toan bo dién tich thu bic xa mit troi (1am bdc hoi nudc).
Nho ¢6 nang lugng mat troi lam nong nude, nudc s€ bay hoi va sau d6 ngung tu lai phia
bén trong tim parnel bang nhya composite bao quanh, nhu Hinh 1.4. Nhiing giot nuéc
cat thu duoc s& chay xudng phia duéi cua thiét bi va theo voi chay ra ngoai. San pham
thu dugc 1a nudc tinh khiét, da loai bé duoc céc vi khuan va cac mam bénh, do d6 ciing

loai bo dugc cac bénh truyén nhidm qua méi trudong[5].
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Nuoc min

Hinh 1.4: Téng quan h¢ théng khir min bang cong nghé chung cat
1.2.2 Cong nghé trao doi ion

Trao d6i ion 13 qué trinh trao ddi qua lai giira ion trong chit 16ng va nhwa trao doi.
Qua trinh nay thuong dugc sir dung dé loai bo cac ion khong mong mudn tir chat 1ong
va thay thé bﬁng cac ion khéc c6 thé chfip nhan dugc & nhua trao ddi. Cac thiét bj trao
dbi ion ciing thuong duge goi 1a thiét bi khir khoang.

C0 hai loai nhua trao ddi ion chinh, 12 nhya Cation — nhya trao d6i ion duong thuong
gip 1a Ca?*, Mg%, Fe?*, H*, va nhwa Anion — nhwa trao d6i ion 4m bao gébm CI', SO,
OH-.

Theo héa hoc, ca hai loai nhya déu thudc vé mot nhom hop chét goi la polymer, la
nhitng phan tir cuc 16n hinh thanh boi su két hop nhiéu phan tir ciia mot hodc hai hop
chat véi cau trac l3p di 1ap lai tao thanh mot chudi dai.

Theo 1y hoc, nhya trao ddi ion 1a cac dang hat nhd, dugc goi 1a hat nhua véi duong
kinh trung binh khoang 0.5mm. Loai nhua nay c6 d6 am, trong su6t mau ho phach,
khong tan trong nudc, acid va bazo.

Thiét bi khir khoang, hay thiét bi trao doi ion 1a mot thiét bi c6 chira mét trong hai
loai nhyua hay c4 hai loai nhua voi tﬁng dau tién chtra nhua Cation va tﬁng tiép theo chira

nhyua Anion.
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Trao d6i ion bang nhya trao doi Trao d6i ion bing cdt trao d6i

Hinh 1.5. Qua trinh trao ddi ion

1.2.3 Phwong phdp tham thiu ngwec RO
Tham thu 12 mét hién twong tu nhién, nudc s& dich chuyén qua mang tir noi co
nong d6 mudi/ khoang thap dén noi c6 néng dd cao hon, nhu Hinh 1.6a. Qué trinh dich
chuyén xay ra cho dén khi ndng d6 mudi khoang giira hai noi nay cin bang. Va ap suat
tham thau s& duoc xac dinh sau d6. Cong nghé tham thau nguoc dyua trén mot nguyén ly
nguoc lai v6i co ché tham thau thong thuong. Mot p luc 16n hon 4p suit tham thau s&
duoc tao ra dé ddy nguoc nudce tir noi ¢ ham lwong mudi/ khoang cao “thAm” qua mang

ban thim dé dén noi khong c6 hoic c6 it mudi/ khoang hon[6].

ban tham ban tham

a) Tham thau b) Tham thau nguoc

Hinh 1.6. Hién tweng tham thau va quéa trinh tham thau nguoc
14



1.2.4 Cbéng nghé mang nano — NF

Muc dich ctia nghién ctu nay 1a tng dung mang loc nano trong cac day chuyén
cong nghé xur 1y nuéc lo va nudc bién thanh nudc dung cho dn udng va sinh hoat trén
co s& nghién ciru trén mé hinh phong thi nghiém, véi nuwdc man va nude lg nhan tao
c6 ndng d6 mudi tir 5-35%0 theo 2 hudng cdng nghé [6] sau:
Cong nghé a:

Nuéc mudi — Loc cat — Siéu loc — Loc nano — Loc trao ddi ion — nudc sach

?-.'_!.Tf:ch Nack Nu |
mudi pha sau UF sl
NFI ; seh
El|E
UF NFI INE
oz Lo =7

J I

Hinh 1.7. M6 hinh thi nghiém khir min sir dung mang NF két hop trao ddi ion
cho cong nghé¢ a
Cbng nghé b:

Nuéc mudi — Loc cat — Siéu loc — Loc nano bac 1 — Loc nano bac 2 — nudc sach

Nuae Nt Nude Nurdc
i paa sl sl sach
UF NFI

o by o

Hinh 1.8. M6 hinh thi nghiém khi man sir dung mang NF hai bac cho cong nghé b

Nguyén Iy loc mang ciia cong nghé NF dua trén sy phan tach cac phan ti trong nuéc
qua 16p vach ngian (mang) nhd lyc tc dung. Lyc tac dung co thé 1a chénh léch ap suét,
dién thé, nong d6 dung dich, nhiét do,... Cac thong sb co ban cua qua trinh loc mang:

Ap lyc; Co ché phan tach; Cau tric mang; va Pha dung dich[5].
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Dung dich sau
mang loc

o

Dong hon hop
din vio  ——

Phan tir gi lai

w

tnroc mang loc

Hinh 1.9. Se' @b tong quan qua trinh khir min bang cong nghé mang nano
1.2.5 Phwong phdp dién tham tich (Electrodialysis -ED)

V& co ban, ED 1a mot quy trinh dién ho4, trong d6 c6 su dich chuyén cua cac ion
qua cac mang ban thdm ion chon loc — 1 két qua cta luc hut tinh dién giita ion va hai
dién cyc. Ngoai chirc nang khtr man, ED con co thé loai bo duoc cac thanh phén 6 nhiém
trong nudc dudi dang cac 1on hoa tan, nho lyc hut tinh di¢n. Hé théng ED bao gém tap
hop cac mang, dat gitta duong di ctia dong dién mot chiéu phat ra tir hai dién cuc ¢ hai
dau. Nudc mubi di qua giita cac mang.

Nguyén tic cta qua trinh ED 13 tach cac ion ra khoi nude bang cach day cac ion
qua 16p mang thAm ion vudng goc voi hudng dong dién va van téc dong mudi phai du
16n dé x4o tron hoan toan. Vé céu tao, CAC mang cation va anion dit xen k& nhau giita
hai dién cuc am, duong ngin cach bdi cac miéng dém plastic va hinh thanh nén cum
ngin. Cum mang ndy c6 hang trim cip ngin, mdi cip gdm ngin lodng va ngin dam dic
canh nhau. Dong ddm dic va lodng duogc thu qua dng thu riéng, nhu Hinh 1.10

Dong mot chiéu khi qua nudc mian s& kéo cac anion vé phia cuc duong tir mot
ngin qua ngin ké bén. Mang tham chon loc anion (mang A) chi cho phép céac anion
tham qua (CI-, SO4%, PO4*), tuy nhién céc anion s& bi giir lai do mang cation (mang K).
Tuong ty Véi cac cation theo huéng nguoc lai. Mang tham chon loc cation (mang K)
chi cho phép céc cation tham qua (Na*, Ca?*, K*, NH4*), tuy nhién cac cation sé& bi giir
lai do mang anion (mang A). Khoang céch gitra cac mang khéng qué 16n, khoang 1
mm|[5].
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Hinh 1.10. Qua trinh di¢n tham tach

Do sy di chuyén ctia céc ion, nudc trong mot ngian 6 ham lugng ion giam di trong

khi lugng ion trong ngan ké bén dam dic hon, nhu vay s€ tao ra hai dong: dong nudc
man loang va dong nudc man dam dac.

Cong nghé khtr man theo phuong phap ED dugc minh chaing la quy trinh hiéu qua

nhét trong viéc xir Iy nudc man (nudc 19) so véi cac phuong phap khac nhu RO.

1.2.6 Uu va nhwoc diém cia cdc phwong phdp da dwec ap dung trong xi Iy

nuwéc bién thanh nwéc nget

Bdng 1. Cac cong nghé xi Iy nwéc bién thanh nwéc ngot di dwoc ap dung

Cong nghé Uu diém Nhuoc diém

- Tiéu tbn mot luong nhiét 16n.
- Xay dung hé théng tén nhiéu
chi phi va cac bo phan dung dé
Chung cit - Van hanh don gian trao doi nhiét d& bi dinh can nén
- Chét luong nudc cao | trong qué trinh van hanh sé ton
nhiéu chi phi cho quéa trinh bao
dudng.

- Dién tich x&y dung lon.
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Trao doi ion

Phuong phip thim
thau ngugc RO

Phwong phap dién
tham tich
(Electrodialysis-ED)

- Nguyén ly hoat dong
don gian.

- Khi cho nuéc bién di
gua, cac ion Na*, Cl" sé bi
trao ddi va bi giir lai & hat
nhya, nhu viy nudc dau

ra s& giam nong dé mudi.

- CO thé loai bo gan hét
d6 man cia nudc bién,
nudc sau khi duoc xu ly
bang céng nghé RO c6
thé udng truc tiép

- C6 thé ung dung
trong cac nganh duogc

pham hay c6ng nghiép

Luong hoa chat tiéu thu
cho tién xu Iy thip hon
RO. ED hiéu qua khi xt
Iy nude co6 tinh dong can
ca0 ¢ nong do TDS
<3.000 mg/I.

- Rat phu hop cho céc
thiét bi khir mudi di dong
- Tudi tho mang (8 — 10
nam) cao hon so véi RO

(1- 2 nam

- Chi phi mua nhya trao dbi cao.
- Hiéu qua loai bo chit hitu co
chua cao.

- Trong qua trinh van hanh hat
nhua s& bi no do d6 can tai sinh
nhya, ton chi phi cho qué trinh

mua mudi.

- Can phai st dung bom ap luc voi
cong suit AP >1000Psi.

- Yéu cau nude dau vao phai dam
bao Iwgng COD < 20 mg/I

- Chi phi dau tu, van hanh va quan

ly cao, mang dé bi bam ban.

- Chi phi déu tu cao.

- Qua trinh nay chi loai bo cac ion
mang dién tich, khéng loai bo
dugc cac chat 6 nhidm khong
mang dién tich.

- Tudi tho dién cuc ti 18 nghich voi
lugng TDS bi loai bo.

- binh ky phai lam sach mang

bang héa chat.

Nguon: Tai liéu téng hop
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Trén co so ké thira, phat huy cac wu diém ddng thoi khiac phuc han ché caa céac
phuong phap xu 1y nudc cap néu trén, cong nghé mang MD (Membrane Distillation) ra
doi. Pay la cong nghé mai hoat dong dua trén su chénh léch nhiét d6 gitta dong néng
va dong lanh, khdng can sir dung ap luc 16n, hay st dung cac dung mdi hd trg, van hanh
don gian, tiét kiém chi phi va ning lwong ma hiéu qua xir Iy cao dat QCVN
01:2009/BYT: Quy chuan k§ thuat qudc gia vé chat luong nudce dn udng.

1.3.  Xir Iy nwéc nhidm man bing moé hinh VMD

1.3.1 Cdu tgo ciia mang MD
v Kich thuéc 16 mang Ién: tir vai nanomet dén vai micromet (0.1; 0.2; 0.45 va 1
micromet)
Do day thap tir 1.5 d¢én 3 micromet
Do rdng cao
Do cong thap
Do xbp va do day anh hudng toi thong luong (D6 x6p cao thi thdng lugng 16n)
Vat liéu mang : polytetra-fluoroethylene (PTFE)
Do nong chay: 327°C

1.3.2 Co ché hogt dgng cira mang MD va mé hinh VMD

1.3.2.1. Co ché hoat dong ciia mang MD

N N N N N

Mang s€ co hai pha ky nudc hoat dong dua trén su chénh 1éch nhiét do gitra dong
nong va dong lanh hai bén mang, nudc bén dong noéng khi duoc gia nhiét s€ ¢ trang thai
hoi va mang chi cho hoi nuéc sach biang qua mang. Céac chat ban, vi khuan, ion kim
loai...s& duoc giit lai bén kia mang[3]. Cong nghé mang MD c6 thé tan dung cac ngudn
nhiét thai hay cac ngudn ning luong tai tao nhu ning lwong Mat troi, do d6 co thé tiét

Kiém duogc nang luong.
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1.3.2.2. Co ché cia m6 hinh VMD

A\

Membrane

- R
balance

Heater L

Hinh 1.11. Co ché m6 hinh VMD

1.3.3 CAc yéu té dnh hwéng
Nhiét d6 dong vao 1a thong sb ¢ anh hudng Ién dbi vai cua qua trinh loc va hiéu
suit truyén nhiét. Nhiét do dong vao cang cao din dén ting luong hoi nudc tai
bé mit mang, do d6 gia ting lwong dong nudc ra.
Nhiét d6 dong ra anh hudng dén luong thé tich tham.
Bé mit mang tiép xtc bén dong nong anh huéng dén luong hoi nudc qua mang.
Luu lugng: tiy theo Iuu lwong nuéc chay qua mang ma hiéu qua thim cia mang
c6 dat hay khong
Dién tich tiép xtc: khi dién tich tiép xdc 16n thi hoi nuéc tiép xuc Ion thi hiéu
suat hoat dong ciia mang cao
Kich thugc 16 mang: khi 16 mang cang 16n thi lugng nudc tham qua mang cang

nhiéu va nguoc lai.
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CHUONG II: PHUONG PHAP LUAN NGHIEN CUU VA

XAY DUNG MO HINH
2.1. So' d6 nghién ciu
— . [ Nude nhidm J
Test thong sb man

Mhiét d6 (45 — 70°C )

dau vao nhu : 1 b
TDS, CI', Ca**, VMD —— .
2+ N At tiw £
Mg, do duc, (m3u gid ip) | Ap sudt tr-0.1 dén-03Pa

H, Do oxi hda L <
P ' L Kich thudce 10 mang (0.1; 0,2;

— 0,451 )4,
Thong s to1 wu ]
( mau thye) Néng 36 mudi ddu vao tir 3-
l 10 g1

Piénh gid higu
qua té1 wu

¥

Vin hanh, tinh toan chi phi
=> Hiéu qua xir Iy nirée nhiem
man thanh mede ngot

Hinh 2.1: So db nghién ciu dé tai cong nghé chung cit chan khong bang md
hinh mang VMD (Vaccum Membrane Distillation)

2.2. Cac ndi dung nghién ciu

- Noi dung 1: Khao sat kich thuéc mang téi vu

- Noi dung 2: Khao sét sy anh huong caa nhiét o dén md hinh VMD

- Noi dung 3: Khao sat &p suat ti wu dé van hanh mé hinh VMD

- Noi dung 4: Khao sat hiéu qua xir ly ciia md hinh qua céc nong do khac nhau
- Noi dung 5: Ap dung cac diéu kién t6i wu dé chay mé hinh vai mau thuc

- Noi dung 6: Panh gia hiéu qua xir Iy nuéc nhiém man caa mo hinh VMD



2.3. Xay dwng mo6 hinh thi nghiém

2.3.1. Vat liéu thi nghi¢m
Bao gom:

- 01 M6 hinh flatsheet
- 01 mang VMD kich thuéc 1 micromet
- 01 tu dién gia nhiét dong nong
- 01 may bom cdng sut 24V
- 01 dong hd do ap suat
- Ong day nhya mém dan nuéc dong néng va dong lanh
- 02 van diéu chinh &p suét
- 01 céy suc nudc
- 01 cbc dyung nudc dong tham
- 01 x6 dung nudc dong néng
- 01 binh dung nudc dong lanh
- 01 thung x4p gitr nhiét dong lanh
- 01 may hut chan khéng

2.3.2. Bé tri va chgy mé hinh thi nghigm

BPuwéng 6ng M6 hinh dong lanh
fastsheet

Dong Bom tuan N e hah Binh chira
noéng hoan nwéc ap nwoc sach
nong

Hinh 2.1. M& hinh VMD trong phong thi nghiém
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Ngi dung thi nghiém 1: Xac dinh diéu kién tdi uvu voi mau nude gia 1ap

- Kich thuéc 16 mang: Chay véi 4 loai mang 1a 0.2, 0.45, 0.1 va 1 micromet
- Nhiét do:
+ Dong nong: dugc gia nhiét bai ta dién ¢ nhiét d6 45, 50, 55, 60, 65 va 70°C

+ Dong lanh: dung nudc da vai nhiét do dao dong khoang 5 -10°C

- Ap suit: Chay véi ap suat tir -0,1Bar dén -0,3Bar
- Nong d6 mudi: Pha nong d6 mudi tir 3g/l — 10g/I

Néi dung thi nghiém 2: xac dinh hiéu qua xir 1y ciia mé hinh VMD véi cac diéu tdi uu

trén v&1 mau nudc nhiém man .

Tién hanh chay mau thuc trén céc thong so6 to1 vu da tim dugc & mau gia 1ap tu

d6 xac dinh dugc hiéu qua xtr Iy cia mang VMD.
2.3.3. Qua trinh v@n hanh

Déi véi thi nghiém méau niréc gia lap:

Chuan bi 8 lit nuwéc gia l1ap véi mudi NaCl voi néng do 5g/1 cho dong néng 60°C

dong lanh 10°C va do nhanh thong sé TDS

Chay lan luot véi 4 loai mang véi kich thuée 16 mang 14 0.2, 0.45, 0.1 va 1 micromet

chay trong vong 2 gi¢ do nhanh TDS va thé tich dong tham tir d6 Iya chon kich thudc

156 mang téi wu.

Sau khi chon dugc kich thudc 16 mang téi vu ta s& liy 16 mang téi vu do tiép tuc chay

véi nhiét @6 dong nong tur 45 — 70°C va dong lanh 10°C trong 2 gio do nhanh TDS

va thé tich dong tham tir d6 lya chon duoc nhiét d6 dong néng téi wu.

Tir 16 mang va dong nong tdi wu ta tiép tuc chay véi dong lanh tir 5 — 10°C trong 2

gid do nhanh TDS va thé tich dong tham tir d6 ta chon dugc nhiét do dong lanh téi

.

Tiép tuc chay vai cac diéu kién téi uu trén 1an ndy ching ta sé thay doi ap suat tir -

0.1Bar dén - 0.3Bar va chay trong 2 gio do nhanh TDS va thé tich dong tham tir d6

ta s& lya chon duoc ap suat téi vu

Sau khi lya chon dugc cac yéu td toi vu trén ta s& cho chay véi cac nong do mudi

khéc nhau tir 3 -10g/1 dé thay dugc kha nang loc nuéc nhiém man caa md hinh VMD
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Déi véi thi nghiém trén mau thuc:

Mau thuc phai duoc tién hanh do va phan tich cac thong sé dau vao: TDS, do
duc, clo, Do oxi héa (KMnQa), do cing Ca?*, Mg?*

- Sau d6 chuén bi 8 lit nudc mau thyc cho dong ndng va do nhanh cac théng sé TDS,
do duc

- Lap dat mo hinh hoan chinh véi cac diéu kién toi wu ma ching ta da tim dugc & cac
lan thi nghiém véi mau gia lap va tién hanh chay trong vong 5 gio

- Sau khi chay xong tién hanh do nhanh thong s6 TDS, d6 duc va thé tich dong tham.

Thé tich tham phai duoc tién hanh do va phan tich cac thdng sb: Clo, Do oxi
héa (Kali pemanganat), @6 citng Ca?*, Mg?* . T d6 xac dinh hiéu qua xir ly cia mo
hinh VMD.

2.4. COng thire xac dinh hiéu qua xu li

Hiéu qua xir ly:

R (%) — (Mt‘f‘u’(]’C_Mthé'm)*loo

Mtruse
Trong do:
R: hiéu qua xu ly
M, use: TDS, Do duc, Clorua, Do oxi hda ban dau
Mnsm: TDS, D6 duc, Clorua, D6 oxi héa thAm

2.5. Cac chi tiéu va phwong phap phan tich dwoc sir dung trong nghién ciru

- Cac phuong phap phan tich cac chi tiéu tai phong thi nghiém dya trén: QCVN
01:2009/BYT:Quy chuan ky thuat qudc gia vé chit luong nudc an udng.

Bang 2: Chi tiéu va phwong phap phén tich

TCVN Do bang may
6492:1999 do nhanh pH
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D)

TDS SMEWW Bao toan khoi May do
2540 C lwong TDS
Do duc TCVN Do truc tiép Puc ké
6184:1996 bang may do do
duc
Clorua TCVN Phuong phap Buret
6194-1996 Mohr
Ham lugng TCVN Chuan do Buret
Mg?* va 6224:1996
Ca2+
Do oxi hoa TCVN Phuong phap Buret
4565-88 dung
Kalipemanganat

2.6. Phwong phap thu thaip mau

- Dya vao céc thong sb quan tric thu thap tir cac co quan chirc ning nhu: Két qua
quan tric cac thdng sb nuéc & séng Cau Do - Quan Hoa Vang — TP Pa Nang.

- Dua vao s liéu quan tric xac dinh viing ¢6 thdng sé vuot chuan can xir Iy, dwa vao
ban d6 hanh chinh TP Da Ning xac dinh vi tri 1y mau.

- Noi lay mau: séng Cau Do - Quan Hoa Vang — TP Pa Ning

- Thoi gian lay mau: 16h30 — 16h40

2.6.1. Ldp ké hoach thu thgp mdu

- Ki thuat 1y mau: duogc thyc hién theo huéng dan TCVN 6663-3:2016 (1SO 5667-
3:2012) Chit lwong nudéc - LAy mau - Huéng dan bao quan va xir Iy mau.
- Céc hoat dong khac: Xac dinh céc thdng sb 1y hoc: Cac théng sé pH, d6 duc, TDS,

nhiét d6 nuéc do dugc bang céc thiét bi do nhanh.
2.6.2. Phwong phdp xdc dinh cac thong sé chit lwpng nuwéc
Xéac dinh Clo: Phuong phap Mohr

- Phuong phap nay duoc C. F. Mohr phat trién cach nay khoang mét thé ky. Hién

n6 van dugc dung dé xac dinh ham luong clorua c6 trong mau nuéc. Phuong phap
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L)

nay duya trén nguyén tic chuan d6 CI- bang dung dich AgNOs trong méi trudng dém
natri bicarbonat khi c6 mat Ko.CrO4 déng vai tro nhu chét chi thi dé nhan biét diém
cudi cua qué trinh chuan da.
- Trong phép chuan d6 Morh, mét it dung dich KoCrOs duoc thém vao mau can
xac dinh clorua. Khi hdn hop nay duoc chuan do bang dung dich AgNOs thi ion CI
c6 trong nudc s& tao két tiia trang véi ion Ag* theo phuong trinh phan wng sau:
Phdn #ng chudn do:

Ag'+Cl =  AgCI (tring)
- Tai diém cudi caa phép chuan d6 khi cho du mét giot dung dich Ag* thi mau

d6 gach cua két tua thir hai 14 Ag2CrO4 tao thanh.
2Ag* + Cro%, = Ag2CrO;4 (do gach)

Tién hanh thi nghiém

Ly 50mL mau nuéc cho vao binh tam giac dung tich 250mL, thém 10mL dung
dich NaHCOs va khoang 2mL K2CrOs 5%. Tur buret nho tu tr dung dich AgNOs
0,01M, lic manh gan t6i diém tuong duong dung dich tré nén trong hon, xuat hién
két tha AgCl. Liic d6 thém tir tir ting giot AgNOQs, Iic manh dén khi xuat hién mau
d6 gach. Lam ba 1an, ghi két qua va tinh gi4 tri trung binh.

Xac dinh Do oxi héa : Phuong phap Kalipemanganat

Nguyén tdc: Dua trén viée oxy hoa cac chit hitu co c6 mit trong nuéc bing dung
dich KMnOg4 0,1N trong moi truong axit & nhiét do so6i. Luong du KMnO4 duogc chuén
d6 bang axi ascorbic 0,1N.

MnOs + (C,H...)+H — Mn?"+ CO; + H,0

MnOs +H 2C,04 + H — Mn?"+ CO2 + H,0

Tién hanh

- Hit 100mL mau cho vao binh tam giac dung tich 250mL. Sau d6 thém 1mL H2SO4
dic, 10mL KMnO40,1N. Sau d6 dem dun s6i dung dich trén bép dién va dé sbi 10
phat.

- L4y binh ra khoi bép dién, nhanh chéng thém vao d6 chinh xac 10mL axit HoC204
0,IN. Lac déu, chuan d6 nguoc lugng axit du bang KMnOs dén khi dung dich xuat
hién mau hong nhat (bén 10s) thi ding chuan do.
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+ Ghi Vkmnos (1) da dung

Tién hanh 1am twong tu v&i 1 mau trang. Thay mau moéi trudng bang nudc cat.

+ Ghi Vkmnos (2) da dung .

Xac dinh do cang: Phuong phap chuan do

Ddu hiéu

- Chuan d6 mét thé tich chinh dung dich hdn hop Ca?* va Mg?* bang dung dich

complexon III trong dém amoniac pH = 10 véi chi thi NET dén khi mau chuyén tir

d6 nho sang xanh cham.

Phwong trinh phan ung

- Phan ung chi thi: M?* + Hind?* —> Mglind + H*
Xanh cham (D6 nho)

- Phan &ng véi chuan do: M2 + HoY? —> MgY? +2H*
Mind + HY>  —> MgY?% + Hind*> + H
Do nho Xanh cham

Tién hanh chudn do

Péi véi miu triang

Dung pipet hat 25mL dung dich nudc cat vao binh tam giac 250mL. Cho 2mL
dung dich NazS 1% vao binh tam giac 250mL, nhé 5 giot hydroxylamin. Thém 5mL
dém pH=10, nhan biét bang gidy quy, néu pH nim ngoai 10 thi diéu chinh bang NaOH
6N, dun trén bép cach cat, dén khi nao thay xuat hién nhirng giot nuéc ngung tu &
mit trong caa binh tam giac. Thém khoang 25mg chi thi NET, lan nay ta kiém tra pH
bang gidy quy maot lan nita dé biét dugc pH co sai léch khéng, néu co thi diéu chinh
bang NaOH 6N dé pH=10, néu khdng thi bat diu chuan d6 bang EDTA 5.10% N dén
khi dung dich trong binh tam giac 250mL chuyén tir &6 nho sang xanh cham. Thi két
thiic qua trinh chuan d. Lam thao tac twong ty nhu trén 3 1an va ghi lai két qua Vepra
(ml).
Poi véi mau thuc

Dung pipet hat 25mL dung dich can phan tich tong Ca?* va Mg?* vao binh tam giac

250mL. Cho 2mL dung dich Na.S 1% vao binh tam gidc 250mL, nho 5 giot
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hydroxylamin . Thém 5mL dém pH=10 (sir dung giay quy tim dé nhan biét khoang
pH, thdy dung dich pH chua dugc 10 thi ding dung dich NaOH 6N dé diéu chinh
pH=10) . Thém 25mg chi thi NET, lan nay ta kiém tra pH bang gidy quy mét lan nira
dé biét duoc pH c6 sai léch khdng, néu c6 thi diéu chinh bing NaOH 6N dé pH= 10.
Sau d6 dem di chuan do bang EDTA 5.10° N dén khi dung dich trong binh tam giac
chuyén tir mau d6 nho sang xanh cham thi két thic qué trinh chuan d6. Lam thao tac

tuong tuw nhu trén 3 1an va ghi lai két qua Vepra (ml) tiéu ton.
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CHUONG 3: KET QUA NGHIEN CUU VA THAO LUAN

3. 1. Khao sat md hinh va chon cac diéu kién tdi wu véi mau gia lap

Véi mau gia 1ap tién hanh chay thi nghiém dé tim ra cac diéu kién t6i wu vé kich
thudc mang, nhiét o, ap suit, va chay v6i cac nong do mudi dau vao khac nhau dé
danh gid hi¢u qua xur li cia mang

3.1.1. Kich thwéc 16 mang

Anh huong cua 16 mang duoc thyc hién véi mang VMD c6 4 kich thuéc 16 rong khac

nhau: 0.1, 0.2, 0,45 va lum. Nudc nhidm min dau vao c6 nong 6 TDS dau vao la

5000ppm duoc gia nhiét 60 °C va duoc bom vao mé hinh VMD, két qua xir ly caa mo

hinh duoc thé hién ¢ bang 3 va hinh 3.1

Hinh 3.1: Biéu d6 két qua khao sat 16 mang

Kich thurde 16 mang)

(R | 1, 0 45

ke by ehvordre Wb enbing | pm )

imgiL)
||

thdm {mL}

E
thi tick

TES dang ol |

&

2

BTDE dbng thden  m el tich didng thim
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Bdng 3. Lwa chon kich thwéc 16 mang toi wu

Nhdgn xét: Déi véi kich thudc 16 mang 0.1 pm (cd thé tich tham 12 7 — 10ml), 0.2
um (c6 thé tich thAm 1a 12 - 15ml), 0.45 pm (cé thé tich thim 12 7 - 9ml), 1 pm (c6
thé tich tham 1a 23 - 24ml). Kich thudc 16 mang 1 um ¢ thé tich thAm cao nhat vi c6
kich thuéc 16 mang 16n thi kha ning cho ap luc hoi nuéc qua mang ting.
Két lugn: Kich thwéc 16 mang 1 pm dwoce xéc dinh 12 t6i wu nhat
3.1.2. Ap sudt

Anh huéng caa ap suat duoc thuc hién véi mang PTFE MD c6 3 &p suét khac nhau:
-0,1 Bar, -0,2 Bar, -0,3Bar. Nuéc nhiém mian dau vao c6 nong do6 TDS dau vao la
5000 ppm duoc gia nhiét 60 °C véi kich thudc 16 mang 1 pm duge bom vao mo hinh
VMD, két qua xir Iy cia mé hinh duoc thé hién ¢ bang 4 va hinh 3.2
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Ap suat
400
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m TDS dong thadm Thé tich tham

Hinh 3.2. Biéu dd két qua khao sat 4p suit

Bdng 4. Lwa chen &p sudt téi wu

Nhdn xét: Déi véi ap suat -0.1 bar (c6 TDS dau ra 1a 15ppm), - 0.3 bar (c6 TDS dau
ra 1a 342ppm), - 0.2 bar (c6 TDS dau ra la 13ppm) hiéu qua xu Ii chat rin lo lirng
dugc danh gia 13 cao nhét.

Két lu@n: M6 hinh chay téi wu nhat & ap suat -0.2 bar
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3.1.3. Nhigr d@

Nudc nhiém man dau vao cé nong d6 TDS dau vao 1a 5000 ppm véi ap suét -0,2 va

kich thuéc mang 16 mang 1pm dugc gia nhiét tir 45°C - 70 °C va duogc bom vao mo

hinh VMD, két qua xir Iy ciia mé hinh dwoc thé hién ¢ bang 5 va hinh 3.3

nhiét dé
120
= 100
£
BD
8-
5 50
g
S 40
[Tr]
E 0 . I I
0
45 50 55 60 65 70
nhigt d& {°C)

mTDS dong tham = Thé tich tham

Hinh 3.3: Biéu do két qua khao sat nhiét do

Bdng 5. Lwa chen nhiét dé téi wu

20
1B
16
14
12

=" I R =

Thé tich tham (ml)

32



Nhdn xét: Ung voi ting nhiét do dong nong 45, 50, 55, 60, 65 va 70°C thi hiéu qua
Xt 1y nude dau vao 1a nhu nhau (R% = >99%). Nhiét ¢6 dong vao cang cao thi thong
luong tham cang tang (tir 5 1én 18 ml).

V& chénh léch nhiét d6 trén bé mat mang khi qué trinh tach cho nudc tinh khiét hoac

rat lodng dung dich va chénh Iéch nhiét do trén bé mat mang nho hon hoic bang 10°C.
Két lug@n: Md hinh chay ¢ nhiét dg téi wu la 70°C
3.1.4. Nong dé muoi

M6 hinh VMD xt Iy nuéc man ¢6 nong do mudi dau vao tir 6000 — 10000 ppm sir
dung mang 1 pm , nhiét @6 70 °C, ap suit -0,2 Bar dé danh gia hiéu qua xu ly, két
qua xt 1y duoc thé hién dudi hinh 3.4 va bang 6

T . -
nong dd mudi

50 20,5
— 20
= 40 195 =
E 19 E
E 30 185 .E
+ 182 =
= 1] 175 €
< 17 g
@ 10 16,5 =
= 16

0 15,5

L] 8 10

nong &6 mudi (gf1)

m TDS dong tham = thé tich tham

Hinh 3.4: Biéu d6 két qua khao sat hiéu qua xir Iy mudi cia mé hinh VMD

Bdng 6. Kiém tra khd ndng Ipc ciia md hinh
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Nhin xét: Doi véi nudc dau vio ¢ cac ndng dd mudi khac nhau thi hiéu qua xur i
sau mang 1a nhu nhau va déu dat chuén tiéu chuan cia QCVN 01:2009/BYT vé chat

lugng nudce dn udng
Két ludgn: Mo hinh c6 thé xir ly ¢ nhiéu nong muoi khac nhau

3.2. Panh gia kha ning xir IV nwéc nhidm miin ciia mo hinh VMD véi cace diéu

kién téi wu dbi voi mau thuc

Kha ning xir Iy cia mé hinh VMD cho nuéc nhiém min & séng Cau Do duogc thé

hién & bang 7
Bang 7: Khd ndng xu ly ciia mé hinh VMD
Nuéc
, » Nuwdc sau Xir QCVN
TT Thong so Pon vi nhiem )
5 ly véi VMD | 01:2009/BYT
man
1 Do duc NTU 1,68 0 2
2 pH - 8,3 7,5 6,6 - 8,5
3 TDS ppm 2650 11 1000
Do oxi
4 ] mgO2/L 44.8 0,16 2
hoa
5 Clorua mg/L 768 0,64 250 - 300
Tong
6 Ca?*, mg/L 348 50 300
Mg?

Két qua phan tich mau nuéc cho thay chat luong nudc séng Cau Po ¢6 dau
hiéu bi nhiém man nghiém trong, dac biét ndng do Clorua trong nudc song vuot 2,56
lan va TDS vuot 2,65 1an, Do oxi hoa vuot 22,4 1an so vai QCVN 01:2009/BYT: Quy
chuan k¥ thuat quéc gia vé chat luong nude an udng, nén can phai dugc xir Iy dé phu

hop cho viée dung trong an uéng.
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Nudc sdng Cau Do trude va sau xu Iy voi md hinh VMD da giam nong do cac
chat 6 nhidm dang ké nhat 1a ham lwong mudi clorua trong mau nudc tir 348mg/L
giam xudng con 0,64 mg/L, Do oxi hoa tir 44,8 mgO2/L giam xudng c6 0,16 mgO2/L
dat QCVN 01:2009/BYT: Quy chuan k¥ thuat quéc gia vé chat lugng nude an ubng,

nén can phai duoc xt Iy dé phu hop cho viéc ding trong an udng.
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KET LUAN VA KIEN NGHI
< KET LUAN

Qua qué trinh nghién cru va tién hanh thue nghiém chay mé hinh VMD véi mau nuéc
séng Cau Do va xac dinh hiéu qua xar 1y nudc nhidm man caa méd hinh mang VMD,

nhom nghién ciu rat ra mot sé két luan sau:

- Tim duoc cac diéu kién tdi wu cho mé hinh VMD nhu kich thudc 16 mang, ap suat,
nhiét do.

- Sau khi chay mé hinh véi miu nuée song thi thu duoc nuéc sach cd cac thong sb thi
thu duoc nudc sach cd céc théng sé chat luong nudc (pH, do oxi hoa, Clorua, do
ctng, TDS, do duc ) dat QCVN 01:2009/BYT: Quy chuan ki thuat quéc gia vé chat

lugng nude an udng.

- M hinh VMD rat hiéu qua trong viéc xt Iy nudc bi nhiém man véi hiéu suat loai bo
TDS >99% va hiéu suat loai bo Clorua > 99%

- Chét luong nudc dau ra dat quy chuan QCVN 01:2009/BYT vé chat luong nudc an

uéng
- Xir Iy dwoc nude ¢6 nong dd mudi cao, ¢ hiéu suat dat téi gan 99,9%
< KIEN NGHI

Trong qué trinh chay mé hinh va nghién ctu, chdng tdi van con gap mot sé kho
khan chua thé gai quyét duoc. Vi thé, nhém kién nghi mot s6 van dé sau, dé gitp

hoan thién san pham mot cach tét nhat. Mot s6 van dé can giai quyét nhu sau:
- Do mang dé bi ban can rira mang thudng xuyén

- Tao ra san pham dya trén m6 hinh va diéu kién téi wu: Giai doan cudi cing la cho
ra san pham. Y tuéng caa nhém 14 tao ra may loc nudce bi nhiém man VMD dua trén
mo hinh va diéu kién t6i wu. O phan nay chung t6i kho khan trong viéc xay dung, bb
tri thiét ké thiét bi cho san pham, sao cho phil hop vai thi truong, ciing nhu vé mau

~

ma.
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MO DAU

1. Tinh cap thiét ciia dé tai

Hién nay, bao vé mdi truong 13 mot trong nhitng méi quan tdm hang dau cua
thé gi6i cling nhu & Viét Nam. Trong d6, bao vé tai nguyén nudc dong vai tro dic biét
quan trong vi nudc 1a thanh phan thiét yéu cua sy séng va méi truong. Tuy nhién,
nhirng nim gan day, tinh trang 6 nhidm ngudn nudc mit 13 mot trong nhitng van dé
nghiém trong & nudc ta ndi chung va thanh phd Da Lat néi riéng. Vi sy phét trién
kinh té - xa hoi va d6 thi héa manh mg, nhiéu loai hinh du lich phét trién da lam cho
chat luong nudc mit tai thanh phd Pa Lat ngay cang suy giam mac du chinh quyén da
¢ su quan tAm dén van dé bao vé va quan 1y moi trudng. Nudce thai sinh hoat khong
qua hé thong xtr Iy duoc x4 truc tiép ra bén ngoai di 1am cho mot sé noi tiép nhan nhu
h6é Xuan Huong, hé Chién Thang, hd Doi C6, hdo Mé Linh, hd Tuyén Lam, hé Than
Thé, subi Phan Pinh Phuing, subi Cam Ly, ho Pa Thién... bi 6 nhiém nang né. Tinh
trang nay da va dang gy ra nhiing tac dong xau toi chat luong moi trudng song ciing
nhu strc khée cua nguoi dan trong thanh phé. Pic biét, tinh trang 6 nhiém nudc mit
con gay anh hudng x4u vé mat canh quan va tac dong truc tiép dén viéc phat trién du
lich tai thanh phd Pa Lat. Do d6, viéc nghién ctru va dua ra giai phap xur Iy ngudn
nudc thai thai ra 1a van dé cap thiét va can phai duoc giai quyét nhanh chéng. Véi
nhimg wu diém vuot troi cua cong nghé Wetland c6 thé ké dén nhu khéng dung hoa
chat, than thién véi moi truong va phu hop voi xu thé phat trién cua thé gidi, cong
nghé nay da duoc tmg dung trong cac hé thong xir Iy nude thai dat hiéu qua rt cao va
on dinh. Ngoai kha nang xur ly lam sach nudc, hé théng Wetland con ¢6 thé tao khudn
vién sinh canh. Hé thong bii loc ciy trong két hop hai hoa giup tao nén khdi khong
gian trong lanh xung quanh hd, va giup diéu hoa khdng khi.
2. Muc tiéu ciia dé tai nghién ciru

e Nghién ctru va danh gia hiéu qua x@r Iy cia mo hinh bii loc trong cay
Wetland cho xtr Iy nuéc thai hd Boi Cé & quy mé phong thi nghiém.

o Dé xuat thiét ké mo hinh bii loc trdng cay Wetland cho hd Doi Co.
3. N¢i dung nghién ciru

e Khao sat va léy mau nudce thai tai khu vuc nghién cuu.

e Phan tich chét luong nudc thai dau vao tai phong thi nghiém.

e Thiét ké cac mo hinh bi loc trong cay.

e Chay thtr nghiém mé hinh v6i mau nudc thai thuc té.

e Phan tich chét luong nudc dau ra sau khi xtr 1y voi bii loc trong cay.

¢ Ghi nhan s0 liéu, tinh toan hiéu suat xu ly ciia cac mé hinh.
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e Tinh toan, thiét ké mé hinh bii loc trong cdy Wetland cho hd Poi C6.

e Xirly sb liéu, viét bao cao.
4. Phwong phap nghién ctru

e Phuwong phap ké thira:

Dua trén nhitng thong tin, nhitng tu liéu c6 sin va phat trién thanh co s¢ dit liéu
can thiét cho nghién ctru nay.

e Phuwong phap héi ¥ kién chuyén gia:

Dua trén ¥ kién ctia cac chuyén gia vé van dé nghién ciru.

e Phwong phap xir 1y s6 liéu:

Str dung cac phan mém trén may tinh nhu Excel dé xu 1y so liéu va dua
vao nghién ctru.

e Phuong phap tinh toan:

Hiéu sudt xir Iy:

C diuvio — C dhura

R= x 100%

C dau vao

Trong do:

R 13 hiéu suit xir Iy

C diu vio 14 nOng dd nudc thai dau vao.

C diura 12 nONg d6 nude thai dau ra.

5. Poi twong, pham vi nghién ciru

e Doi twong nghién ciru: Nude thai ciia hd Doi Co nam trong khudn vién dy
an Golf Valley, duong Bui Thi Xuan va Pinh Tién Hoang, TP Pa Lat.

Cac loai thuc vat sir dung trong nghién ctru gom: thién diéu, thuy trac, co
Vetiver.

e Pham vi nghién ctiru: Quy md phong thi nghiém.

6. Y nghia khoa hoc va y nghia the tién:

Y nghia khoa hoc: Két qua nghién ctru ciia dé tai xac dinh dugc kha ning xir
1y cua céc loai thyc vat nhu thién diéu, thuy trac va cé Vetiver ddi v&i moi truong
nudc thai sinh hoat. Céac két qua nghién ctru 1a rat can thiét dé tinh toan bai loc trong
cay hoan thién dé xtr Iy nudc thai hd Doi C6.

Y nghia thwe tién: Két qua nghién ctru 13 tai liéu tham khao cho cac nghién
ctru tiép theo, dic biét 1a d6i véi sinh vién nganh moi truong. La tién dé& dé tiép tuc
nghién ctru mé rong va ap dung vao thyuc té dé xir Iy nudc thai sinh hoat ctia hd Doi
Co.



CHUONG I: TONG QUAN TINH HINH NGHIEN CUU
1.1. Tong quan vé nwéc thai sinh hoat
1.1.1. Ngudn phit thai 6 nhiém

Nudc thai sinh hoat 1a nude duge thai bo sau khi st dung cho cac myc dich sinh
hoat cua cong déng nhu: tdm, giat gil, téy rira, v€ sinh c4 nhan... Nudc thai sinh hoat
thuong dugc thai ra tir cac ho gia dinh, co quan, truong hoc, chg va cac cong trinh
cong cong khac. Luong nudc thai sinh hoat cuia mét khu dan cu phuy thudc vao dan $0,
vao tiéu chuan cap nudce va dic diém cua hé thong thoat nude. Tiéu chuin cip nudc
sinh hoat cho mét khu dan cu phu thudc vao kha ning cung cap nudc ciia cic nha may
nudc hay cac tram cAp nudc hién co. Cac trung tim d6 thi thudng ¢ tiéu chuan cip
nudc cao hon so véi cadc vung ngoai thanh va nong thon, do dé luong nudc thai sinh
hoat tinh trén mot dau nguoi cling c¢o su khac biét gitra thanh thi va nong thon. Nudc
thai sinh hoat & cac trung tdm db thi thuong duoc thu gom vé nha may xir Iy nude thai.
Tuy nhién, c6 mot s6 khu vuc nuéde thai duogc thoat béng hé théng thoat nudc dan ra
cac song rach, con cac ving ngoai thanh va nong thén do khong c6 hé thdng thoat
nudc nén nudc thai thuong dugce ti€u thoat tu nhién vao cac ao hd hodc thoat béng
bién phap tu tham.

1.1.2. Thanh phén ciia nwéc thdi sinh hoat

- Nudc thai nhiém ban do chét bai tiét ciia con ngudi tir cac phong vé sinh,

- Nudc thai nhiém ban do cac chat thai sinh hoat: cin ba tir nha bép, cac chat
rira troi, ké ca lam vé sinh san nha.

Thanh phén va tinh chit nude thai sinh hoat phu thudc rat nhiéu vao nguén géc
nuéc thai. Pac diém chung ctia nude thai sinh hoat 14 thanh phan ctia chiing tuong doi
6n dinh. Thanh phan cta ching bao gdm 52% chit hitu co, 48% chit vo co, ngoai ra
nude thai sinh hoat con chira nhiéu vi sinh vat gay bénh va cac doc td cua ching. Phan
16n cac vi sinh vat trong nuéc thai 1a cac vi khuan, vi rit gdy bénh nhu: cac vi khuan
gdy bénh ta, ly, thuwong han,...

> Thanh phan nudéc thai sinh hoat dwoe chia 1am 3 thanh phan chinh:

e Thanh phan vat Iy

e Thanh phan héa hoc

e Thanh phan sinh hoc

a) Thanh phén vt Iy: cac chit ban c6 trong nude thai & cac kich thudc khac

nhau, dugc chia lam 3 nhom



Nhom 1: Gom cac chit khong tan chtra trong nuéc thai dang tho (vai, gidy,
canh cdy,..) & dang lo limg va dang huyén phu, nhil twong, bot.

Nh6m 2: Gém cac chat ban dang keo.

Nhom 3: Gdm céc chit ban & dang hoa tan, ching co thé & dang hoa tan hodc
phan ttr.

b) Thanh phin hoéa hoc: cic dang chit ban c6 trong nuée thai sinh hoat c6 tinh
chit hoa hoc khéac nhau:

Thanh phan v6 co: sit, canxi, magie...

Thanh phan hiru co: phan, nudc tiéu. ..

Thanh phan chat thai khac: cat, sét, dau md...

¢) Thanh phan sinh hoc:

e Nim

e Vikhuin dang nim

e Nguyén sinh dgng vat

Céc thanh phan nén trong nudc thai sinh hoat cha yéu gom cacbonhydrat,
protein, chit béo. Cacbonhydrat 1a san pham va 1a dang phan nho cua axit hitu co, n6
1a thanh phan dau tién bj phan huy trong hoat dong sdng cua vi sinh vat. Cacbonhydrat
ton tai chu yéu & dang duong, ho bot khac nhau va ca & dang hop chat xenlulo cta bot
gidy. Cacbonhydrat 12 nguén dau tién cung cap ning luong va hop chat hiru c¢é cho vi
khuan song trong nudc thai.

Protein va cac san phan phan hiy ctia chung nhu amino axit 1a cic hop chat
chtra nhiéu nito c6 ngudn gbc tir dong vat va thuc vat. Protein 1a ngudn cung cip nito
cho hoat dong séng ctia vi sinh vat trong nudc thai. Chat béo va dau md c6 nguodn goc
tor dong thyc vat, chung bi phan hay thanh axit béo dudi tdc dong cua vi khuan. Chét
béo va dau md co d6 hoa tan thay doi trong nudc, & mot so diéu kién nhat dinh thuong
ndi 1én trén mat nudc.

Nudc thai sinh hoat thong thudng chiém khoang 80% luong nude duge cip cho
sinh hoat. Nuéc thai sinh hoat chira nhiéu chat ban hitu co dé bi phan huy sinh hoc,
Ngoai ra con c6 ca cac thanh phan vo co, vi sinh vat va vi tring gdy bénh rat nguy
hiém. Nong d6 chat hitu co trong nudc thai sinh hoat dao dong khoang 150 - 450 mg/1
theo trong luong kho. Co khoang 20 - 40 % chét hitu co khé phan hay sinh hoc. O
nhirg khu din cu dong duc, diéu kién vé sinh thap kém, nudc thai sinh hoat khong
dugc xir 1y thich dang 1a mot trong nhitng ngudn gy 6 nhiém mai trudng nghiém

trong. Ngoai ra, nudc thai sinh hoat thuong chira cac chat dinh dudng rat cao. Nhiéu
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truong hop, luong chat dinh dudng ndy vuot qua nhu ciu phat trién cta vi sinh vat
ding trong xtr 1y bang phuong phap sinh hoc. Trong cac cong trinh xt 1y theo phuong
phap sinh hoc, lwong dinh dudng can thiét trung binh tinh theo ti 16 BOD: N: P = 100
15: 1. Cac chét hitu co ¢ trong nudc thai khong phai duoc chuyén hoa hét boi cac loai
vi sinh vat ma c6 khoang 20 - 40 % BOD khdng qua qué trinh chuyén hoa béi vi sinh
vat, chiung chuyén ra chung véi bun ling.

1.1.3. Tinh chit ciia nwéc thdi sinh hoat

Nude thai sinh hoat thong thudng chiém khoang 80% luong nudc duge cap cho
sinh hoat. Nuéc thai sinh hoat chira nhiéu chat ban hitu co dé bi phan hay sinh hoc,
ngoai ra con c6 ca cac thanh phan v6 co, vi sinh vat va vi tring giy bénh rit nguy
hiém. Nong d6 chét hitu co trong nudc thai sinh hoat dao dong khoang 150-450 mg/I
theo trong luong kho. C6 khoang 20 - 40 % chat hitu co kho phan huy sinh hoc. O
nhimg khu dén cu dong duc, diéu kién vé sinh thap kém, nudc thai sinh hoat khong
dugc xir 1y thich dang 1a mot trong nhitg ngudn gy 6 nhiém méi truong nghiém
trong.

Ngoai ra, nudc thai sinh hoat thudng chtra cac chat dinh dudng rat cao. Nhicu
truong hop, luong chat dinh dudng nay vuot qua nhu cau phat trién ctia vi sinh vat
dung trong xr Iy bang phuong phép sinh hoc. Trong cic cong trinh xtr 1y theo phuong
phap sinh hoc, lugng dinh dudng can thiét trung binh tinh theo ti 16 BOD: N: P
100:5:1. Cac chat hitu co c6 trong nudc thai khong phai duoc chuyén hoa hét boi cac
loai vi sinh vt ma c6 khoang 20 - 40 % BOD khong qua qua trinh chuyén hoa boi vi
sinh vat, ching chuyén ra chung vai bun lang.

1.1.4. Hién trang é nhiém méi trwong do nwéc thdi sinh hoat.

Ngay nay, v6i su gia ting din sé va do thi hoa nhanh chéng, 6 nhiém nudc thai
tré nén nghiém trong, ddng thoi nhu cau tiéu thu nude di gia ting vuot ngoai muc bén
vitng cta nhiéu qubc gia.Theo bdo cao vé Cong tic Bao vé mdi truong cia Bo Xay
dung trinh 1én Qudc hoi (05/2017) c6 khoang 88 % nudc thai sinh hoat x4 thang ra
moi truong. Ty 1& phan tram luong nudc thai duge xir Iy con kha thap di anh hudng
16n dén hién trang chat luong méi truong nudc ¢ d6 thi. Pay la mot trong nhimng
nguyén nhan chinh gay 6 nhiém méi trudng, xudt hién cac hién tuong pha dudng & ao,
hd, song subi. Van dé 6 nhiém chii yéu 13 6 nhiém hitu co, chat dinh dudng va vi sinh,
mirc d6 6 nhiém da kha nghiém trong. Véi téc do phat trién nhanh cua du lich va do
thi hoa, thanh phé Pa Lat cling khong tranh khoi viéc qué tai trong cong tac xur 1y
nuéc thai ra méi truong. Mdi ngay tai thanh phd Da Lat c¢6 khoang 5000m3 nudc thai
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sinh hoat dugc dwa vé nha may xu 1y trudc khi thai ra méi truong. Tuy nhién, nha may
nay méi chi thu gom va xir Iy duoc nuée thai cua khu vuc trung tim Pa Lat gom
phuong 1, phuong 2 cing mot sb khu vuc caa phudng 5, phuong 6 va phudng 8, noi
c6 hé thong duong dng thu gom di qua. Luong nudc thai con lai chua duge xir 1y va xa
thai truc tiép vao ngudn tiép nhan.

H6 Po6i C6 1a mot hd lang, nam trong khudn vién du 4n Golf Valley, duong Bui
Thi Xuan va DPinh Tién Hoang, TP Pa Lat, hd co dién tich khoang 5.000 m2, 1a noi
tiép nhan ngudn nudc thai sinh hoat trudc khi d6 ra hd Xuan Huong. Xung quanh hd 1a
khu vyc tap trung hang trim nha hang, khach san. Nhitng ngdy gan ddy, nudc hod
chuyén sang mau den xit, mat nudc dac quanh, bdc mui héi thdi nf)ng nac gay mét my
quan va anh huong nghiém trong dén ngudi dan va du khach. UBND TP Pa Lat da
nhiéu lan dé nghi Céng ty TNHH MTV Cép thoat nuéc Lam Pong ap dung cac giai
phap nhu han ché nguff)n nudc thai sinh hoat ctiia hon 100 ho dan, khach san xa ra hd;
bom nudc xir Iy han ché ngudn nude 6 nhidm.

Dé giai quyét van dé trén, dé tai dua ra cong nghé xur Iy nude thai sinh hoat

bang bai loc trong cdy cho thanh phd Pa Lat.[2]

"~ -
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Hinh 1: Réc thdi tran lan trén mét ho Dgi Co
1.2. Gi6i thiéu mot s6 phwong phap xir Iy nwéc thai sinh hoat

Tong quan phuong phap xtr Iy nudc thai sinh hoat nuéc thai thuong chira rat
nhiéu tap chat. Vi vy muc dich cta xir Iy nudc thai 1a khir cac tap chat d6 sao cho
nudc sau khi xtr ly dat ti€u chuan chét lugng & muc chép nhan duoc theo cac chi tiéu
dd dat ra. Céc tiéu chuin d6 phu thudc vao muc dich sit dung: nudc s€ dugc tai s
dung hay xa vao céc nguén tiép nhéan nudc. Bé dat duoc muc dich trén co thé su dung
cac phuong phap xtr Iy khéc nhau, duge nhom thanh cic cong doan: xir Iy cap 1, xir ly
cap 2, xtr Iy cép 3.



e Xu Iy cap 1 gdm cac qua trinh xir 1y so bo va lang, bat dau tir xong chan rac
va két thuc bang bé ling cap 1. Cong doan nay co tac dung loai bd cic vit rin ndi co
kich thuéc 16n va céc tap chat c6 thé ling ra khoi nude thai dé bao vé bom va duong
dng. Hau hét cac chét ran lo limg ling & bé lang cip 1. O day thuong c6 qué trinh loc
qua song chin rac, tuyén ndi, lang, tach ddu m& va trung hoa.

e Xirly cip 2 gém cic qua trinh sinh hoc (d6i khi ca hoa hoc) 6 tac dung khir
hau hét cac hop chat hitu co hoa tan ¢ thé phan huy duoc bang con duong sinh hoc,
nghia 1a khir BOD. D¢ 1a cac qua trinh: hoat hoa bun, loc sinh hoc hay oxy hoa sinh
hoc trong cac hd va phan hily yém khi. Tat ca cic qua trinh nay déu sir dung vi sinh
vat dé chuyén hoa cac chat hitu co vé dang 6n dinh va ning luong thap.

o Xuly cép 3 g6m cac qua trinh: vi loc, loc két taa hoa hoc va dong tu, hép
phu béng than hoat tinh, trao d6i ion, thAm thau nguoc, Cac qua trinh khir chat dinh
dudng, Clo hoa, Oz6n hoa.

Céc loai nudc thai déu chira tap chat gay 6 nhiém rat khac nhau: tir cic loai chat
ran khong tan, dén nhiing loai chét ran kho tan hoic tan duoc trong nude, xir Iy nudc
thai 1a loai bo cac tap chit d6, lam sach lai nudc hodc thai vao nguén tiép nhan. Dé dat
dugc nhitng muc dich doé chung ta thuong dua vao dac diém cta tung loai tap chit dé
lga chon phuong phap xtr 1y thich hop.

» Thong thwong co cac phwong phap xi ly sau:

Xtr Iy bang phuong phap co hoc.

Xtr Iy bang phuong phap hoa 1y va héa hoc.

Xur ly bang phuong phép sinh hoc.

1.2.1. Phwong phdp co hoc

Trong nudc thai sinh hoat thuong cé nhiing tap chét ran c6 kich c¢& khac nhau bi
cudn theo nhu: rom cd, bao bi chat déo, gidy, cat, soi... Ngoai ra, con c6 cac loai chat
lo lung dang huyén phu rat khé ling. Tuy theo kich c¢&, cic hat huyén phu thuong
dugc chia thanh hat chit lang lo ling c6 thé ling duoc va hat ran dugc khir bang dong
tu. Cac loai chat trén ding cac phuong phéap xir 1y co hoc 1a thich hgp. Mot s6 cong
trinh xir Iy co hoc dién hinh nhu sau: Song chan rac, bé ling cét, bé lang, bé tach dau
md, bé loc.

Song chin rac: song chin rac dung dé chéin giit cac cin ban c6 kich thude 16n
nhu: gidy, rac, rau, cu... duge goi chung 12 rac. Rac dugc chuyén toi may nghiém dé

nghién nho sau d6 duoc chuyén t6i dé phan huy cin.



Song chin rac 1a cong trinh xur 1y so bo chuan bj cho viéc xtur 1y nudce thai sau
d6. Song chin rac gdm cac thanh dan sip xép véi nhau & muong dan nudc. Khoang
céch giira cac thanh dan 1a khe hé. Song chin rac ¢ thé chia theo:

- Theo khe hé: song chin rac loai thd (30-200 mm) va loai trung binh (5-30
mm).

- Theo phuong phap 13y rac: loai 1ay rac thu cong va loai Iy rac co gidi.

e Béling cat

Trén cong trinh xir Iy nudc thai, viéc ling cat lai trong bé lang giy khé khin
cho cong tac 1y can. Ngoai ra trong cin c6 cat thi ¢6 thé lam cho cac dng dan bun cia
cac bé ling khong hoat dong duogc, may bom chong hong. C6 3 loai bé lang cat:

e B¢ lang cat ngang nudc chay thang hoic vong.

e Bé ling cat ding nude dang tir dudi 1én.

e Bé ling cat nudc chay xoan dc.

Luong cat gitr lai ¢ bé le"mg cat phu thudc vao cac yéu td: loai hé théng thoat
nude, tong chiu dai mang luéi, diéu kién str dung, téc d6 nudc chay, thanh phan va
tinh chat nudc thai...

e Béling

Dung dé tach cac chat ban vo co trong luong riéng 16n hon nhiéu so véi trong
lwong riéng ctia nude thai nhu xi, than, cat va cac chat ban ning hon nhiéu khéi luong
riéng cua nude thai ling xudng ddy con cac chit co khéi lugng riéng nho hon nbi 1én
trén mit nude. Dung cac thiét bi thu gom va van chuyén cac chat ban ling va ndi ra
cong trinh xir 1y can. Theo chiéu nudc thai chay trong bé co thé chia lam 3 loai bé
lang:

e Bé ling ngang: Nudc chay theo phuong ngang tir dau t6i cudi bé.

e Bé ling dimg: Nudc chay tir dudi 1én trén theo chiéu thang ding.
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e Bé ling radian: Nudc chay tir tAm ra quanh thanh bé hodc c6 thé nguoc lai.
Ngoai ra trong thuc té ngudi ta con sir dung nhirng loai bé ling c6 chira budng keo tu
bén trong va bé ling 1a bé chira kin hoic hé.
Mang trin

, Vich ngin hutnz démg  Tim ngin
Tim ngin ’ T : /

I o
\ / v/ | Visgm

g /o : 1 =
1 b | Vingling 1] ’I;r::.’f-"'#

L=

Viag vio |

== Ving chifa cin

Hinh 3: Bé ling

e Bé tach dau mé

Trong nhiéu loai nude thai c6 chira dau md. Dau md 1a nhitng chét noi, ching
s& gdy anh hudng xau dén cac cong trinh thoat nudc va nguodn tiép nhan. Chat md sé
bit kin 16 h6ng gitra cac hat vat liéu loc trong bé sinh hoc, canh déng tudi, canh d@)ng
loc. Chung sé& pha huly ciu tric bun hoat tinh trong bé aroten, gay khé khin qua trinh
lén men... Vi vay ngudi ta phai thu hdi nhitng chat nay trude khi thai vao hé thong
thoat nude sinh hoat va san suét.

Bé loc nguoi ta dung dé tach cac tap chit nho khoi nudc thai (bui, dau, mé& boi
tron...) ma & bé léng khong gitr lai dugc. Nhitng loai vt liéu loc cé thé st dung la cat
thach anh, than coc hodc soi nghién. Viéc chon vat liéu loc phu thudc vao loai nudc
thai va diéu kién dia phuong.

Bén canh cac bé loc vai 16p vat liéu loc, ngudi ta sir dung cac may vi loc c6
luoi va 1op vat li€u ty hinh thanh khi may vi loc hoat dong. Cac loai may vi lgc nay
thuong dugc st dung xtr Iy nudc thai ¢o chira chat ban dang soi manh nho.

1.2.2. Phwong phdp hoa hoc

Co s¢ cua phuong phap hoa hoc la cac phan tng hoa hoc, cac qua trinh hoa ly
dién ra gitra chat ban va chat cho thém vao. Cac phuong phap héa hoc 1a dong tu,
trung hoa, hap phu va oxy héa. Thong thudng cac qua trinh keo tu thuong & kém véi
qua trinh trung hoa hoac cac hién tugng vat ly khac. Nhitng phan ung xay ra la phan
g trung hoa, phan tng oxy hoa - khtr, phan ung tao chat két ta hodc phan wng phan
hity c&c chét doc hai 10. Phuong phap déng tu - tao bdng. Pong tu va tao bong 1a mot
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cong doan cua qua trinh xu ly nudc thai, mac du chung chi la hai qué trinh riéng biét
nhung chung khong thé tach roi nhau. Vai tro cua qué trinh dong tu va tao bdng nham
loai bo huyén phu, chét keo c6 trong nudc thai.

Poéng tu 13 pha v tinh bén vitng cua cc hat keo bang cach dua thém chét phan

g goi 1a chat dong tu.

N
A

Tao bong la tich tu cac hat “da pha v& d6 bén” thanh ciac cum nho sau do6 két
thanh cum 16n hon va cé thé ling duoc goi 1a qua trinh tao bong. QU trinh tao bong
c6 thé duoc cai thién b.'?mg cach dua thém vao céc chét phan ng goi la chét trg tao
bdng. Tuy nhién qua trinh tao bong chiu su chi phdi cua 2 hién tuong: két béng dong
hoc va két bong Orthocinetique.

Két bong dong hoc lién quan dén khuéch tan Brao, két bong dang nay thay do6i
theo thoi gian va chi c6 tac dung ddi voi hat nhé hon 1micromet. Két bong
Orthocinetique lién quan dén qua trinh tiéu hao nang luong va ché d6 cua dong chay la
chay ngam hay chay rdi.

e Phuong phap trung hoa:

Phuong phap trung hoa chil yéu duoc st dung trong nudéc thai cong nghiép co
chia kiém hay axit. Pé tranh hién tuong nudc thai gdy 6 nhiém moi trudng xung
quanh thi nguoi ta phai trung hoa nudc thai, véi muc dich 1a 1am ling cac mudi cua
kim loai nang xudng va tach ching khoi nuéc thai. Trong thuc té nudce thai phai ¢ pH
tur 6.7-8.5 thi nudc thai d6 méi dugc coi 1a da trung hoa.

Phuong phap hap phu: Phuong phap hap phu ding dé loai hét cac chat ban hoa
tan vao nudc ma phuong phap xur 1y sinh hoc ciing cac phuong phap khac khong thé
loai bé dwoc voi ham lugng rat nho. Thong thudng day 1a cac hop chat hoa tan co doc
tinh cao hoic cac chat c6 mau, mui rat kho chiu.

1.2.3. Xit Iy nwéc thdi bang phwong phdp sinh hoc

Dua trén hoat dong séng cua sinh vat, chu yéu 1a vi khuan di dudng hoai sinh
c6 trong nudce thai. Qua trinh hoat dong ciia chiing cho két qua la cac chat hitu co gay
nhiém ban dugc khodng héa va tro thanh chét vo co, céc chat khi don gian va nudc.
Cac qua trinh sinh hoc c6 thé dién ra trong cac khu vuc tu nhién, hoic cac bé duoc
thiét ké va xay dung dé phuc vu cho viéc xt Iy mét loai nudc thai cu thé nao dé.

Dang thtr nhat: gdm céc loai canh ddng tudi, canh dong loc, hd sinh vat... Trong
diéu kién xtr Iy nuéc ta, cac cong trinh xt Iy sinh hoc ty nhién c6 mot nghia to 1on.
Thi nhat né giai quyét van dé 1am sach nudc thai dén mac do can thiét, thir hai n6
phuc vu tudi ruong lam mau ma dat dai va nudi ca. Biéu kién quan trong 1a can nghién
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ctru tim cho dugc cac thdng sb tinh toan thich hop véi diéu kién nudce ta va trén co sd
d6 tim phwong phap xir Iy téi vu nhat. Tuy nhién, viéc van chuyén hay lip dit cac hé
théng dan nudc thai sau xt 1y dén noi can tudi tiéu cé thé 1a mot gidi han cho tng
dung nay do chi phi dau tu cao. Dang thir hai: gdm cac cong trinh nhu bé bun hoat
tinh, bé loc sinh hoc nho giot, bé loc sinh hoc cao tai him 1 biogas... Giai doan xu 1y
sinh hoc duoc tién hanh sau giai doan xir Iy Iy hoc. Bé ling & trude giai doan xu ly
sinh hoc duoc goi 1a bé ling so cap. Sau giai doan xir ly sinh hoc bang biofilm hoic
bun hoat tinh, dé loai mang vi sinh vat va bun hoat tinh ra khoi nuéc thai nguoi ta
thuong dung bé lang thir cap. Sau bé lang thir cp thuong 1a qué trinh khir tring dé loai
bo céc vi sinh vat gay bénh. Xir Iy can cua nudc thai: cac cian cua nude thai ¢ cac bé
ling ciing can phai xu ly. Thuong nguoi ta st dung mot phan luong cin ¢ bé lang tha
cap dé bom hoan luu vao bé aroten nham muc dich bo sung luong vi khuan hoat dong
cho cdng trinh nay. Phan con lai cong véi can lang cua bé lang so cap dugc dua vao bé
tu hoai, dé u phan bun, sdn phoi bun, G phan compost, thiét bi lang bun. Nuéc thai sau
khi xir ly bang phuong phap sinh hoc con chtra nhiéu vi khuan. Hau hét cac loai vi
khuan cé trong nudc thai khdng phai 1a vi tring gay bénh, nhung khong loai trir kha
nang ton tai mot vai lodi vi khuan gay bénh nao trong nuéc thai ra nguon cap nuéc, hd
boi, hé nudi ca thi kha nang lan truyén bénh sé& rat cao, do d6 phai cd bién phéap tiét
tring nudc thai trudc khi xa ra ngudn tiép nhan. Céc bién phap tiét tring nudc thai phd
bién hién nay la:

e Dung Clo hoi qua thiét bj dinh luong Clo.

e Dung Hypoclorit - canxi dang bot hoa tan thanh dung dich 3-5 % roi dinh
lugng vao bé tiép xuc.

e Dung Hydrocloit - natri, nuéc javel NaCIO.

e Dung Oz6n, dan ngay vao bé khi vira tao ra.

e Dung tia cuc tim.

Tir trude dén nay, khi tiét trang nudce thai hay ding Clo hoi va cac hop chit cua
Clo vi n6 1a hoa chit duoc cac nganh cong nghiép dung nhiéu, co san trén thi truong,
gia thanh chap nhan dugc ma hiéu qua xir ly lai cao. Nhung nhiing nim gan diy céac
nha khoa hoc dua ra khuyén cao nén han ché dung Clo dé tiét tring nuéc thai vi:

e Luong Clo du trong nuéc thai d& dam bao an toan va on dinh cho qué trinh
tiét trung sé gay hai cho ca va cac sinh vat nudc co ich khac.
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+ Clo két hop véi Hydrocacbon thanh hop chat c6 hai cho méi trudng séng
Trong qua trinh xir 1y nuéc thai, cong doan khtr khuan thuong duoc dit & cudi qua
trinh, true khi 1am sach triét dé va chuan bi 6 vao nguon tiép nhan.[3]

1.3. Xir Iy nwéc thai sinh hoat bing mé hinh bdi loc trong cay
1.3.1. Khéi niém

Bii loc trong cay 1a mé hinh dit ngdp nuée nhan tao va né duoc dinh nghia nhu
sau: “Hé thong duoc thiét ké va xay dung nhu mot ving dat ngip nude nhung viée xir
1y nuée thai hiéu qua hon, giam dién tich va dic biét c6 thé quan 1y dugc qua trinh van
hanh & mtrc don gian™.

D4t ngdp nudc nhan tao hay dit ngdp nudc kién tao hay bii loc trong cay 1a
cong trinh mang day du cac dic diém chirc ning, vai tro va y nghia cua dat ngap nudc
tu nhién thong thuong. Viéc thiét ké va xay dung mot mo hinh dat ngap nude nhéan tao
nham phuc vu cong tac quan 1y va st dung hiéu qua hon. Trong xir Iy mdi truong, viéc
st dung mo6 hinh dat ngap nudc nhan tao la chu yéu va dem lai hi€u qua cao hon, ca vé
mit moi truong va kinh té.

D4t ngap nudc nhan tao hay bai loc trong cay chinh 1a cong nghé xur 1y sinh théi
moi, duoc xay dung nham khic phuc nhitng nhuoc diém cua bai dat ngap nudc tu
nhién ma van c6 dugc nhitg vu diém cua dat ngdp nudce tu nhién. Cac nghién ctru cho
théy, bai loc nhan tao tréng cay hoat dong tdt hon so vai dat ngap nudc ty nhién cung
dién tich, nh¢ day cta bai loc nhan tao c6 do dbc hop 1y va ché 36 thuy luc duoc kiém
soat. BJ tin cdy trong hoat dong cta bai loc nhan tao cling dugc nang cao do thuc vat
va cac thanh phan khac trong bai loc nhén tao c6 thé quan 1y dugc nhu mong mubn.

Bii loc trong cay gan dy da duoc biét dén trén thé gidi nhu mot giai phap cong
ngh¢ madi, xu 1y nude thai trong diéu kién tu nhién v&i hiéu suét cao, chi phi thép va
6n dinh, ngay cang dugc ap dung rong rdi. O Viét Nam, cong nghé trén thuc chat con
rat moi.

Bii loc trong cdy dung dé xir Iy nudc thai trong dicu kién ty nhién. V&i cac
thong sb 1am viéc khac nhau, bai loc trong cdy duogc st dung rong ri trong xu 1y nhiéu
loai nudc thai. Khac véi bai dat ngap nudc tu nhién, thudng 14 noi tiép nhan nudc thai
sau khi xir Iy, voi chat lugng di dat yéu cau theo tiéu chuan va chung chi 1am nhiém
vu xir 1y bac cao hon, bai loc trong ciy 1a mot thanh phan trong hé théng cic cong

trinh xir 1y nude thai sau bé ty hoai hay sau xur 1y bac hai.[1]
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1.3.2. Cdc logi bdi lpc trong cdy va céu tao ciia ching

Bii loc trong cdy c6 thé duoc phan loai theo hinh thirc nudi tréng dién hinh cua
cac loai thuc vat nhu: Hé théng thuc vat ndi, hé théng & chim ndi va hé théng thuc
vat chim. Hau hét cac hé théng déu sir dung cac loai cAy ré chum, tuy nhién co thé
phan loai theo dang vt liéu sir dung va ché d6 dong chay trong hé thong.

C6 2 kiéu phan loai dit ngip nudc kién tao co ban theo hinh thirc chay: Loai
dong chay tu do trén mit dit (Free surface flow) va loai chay ngam trong dat
(Subsurface slow).

e Bii loc trong cay c6 dong chay bé mat (Surface flow wetland - SFW)

Cat tung, 501, dd vin

Hinh 4: So do dat ngdp nede c¢é dong chay ngam theo chiéu ngang
(vé lai theo Vymaza,1997)

Hé thdng ndy mo phong mot dam lay hay dat ngap nudc trong diéu kién tr
nhién. Dudi ddy bai loc 1a mot 16p dat sét tu nhién hay nhan tao, hoac rai mét 16p vai
nhya chdng tham. Trén 16p chong tham 14 dat hodc vat liéu phu hop cho su phat trién
ctia thuc vat c6 than nho 1én khoi mit nude. Dong nudce thai chay ngang trén bé mat
16p vt liéu loc. Hinh dang bdi loc nay thuong 1a kénh dai hep, van téc dong chay
cham, than ciy trong nho 1én trong bai loc 1a nhitng diéu kién can thiét dé tao nén ché
d6 thuy kiéu dong chay day.

Hé thdng dong chay bé mit 1a hé thong duge thiét ké c6 16p nudc bé mat tiép
xuc voi khong khi. Trong hé thong dong chay ngdm, muc nude duge ¢b dinh thip hon
so voi bé mit vat liéu. D6i v6i hé théng dong chay ngdm ngang, 16p vat liéu lubn dugc
gilr trong trang thai bio hoa nudc; ddi voi hé thdng dong chay dung, 16p vat lidu

khong & trang thai bdo hoa vi nudc duge cip khong lién tuc ma theo cac khoang thoi
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gian nhat dinh va dugc thim qua 16p vat lidu (twong tu nhu trong hé thong loc cat gian
doan).

Tat ca cac dang bai loc ngap nudc déu duoc céy tré)ng it nhat 1a mot loai thuc
vat ¢ ré trong mot loai vat liéu ndo d6 (thuong 1a dat, soi hodc cat). Cac chat 6 nhiém
duoc khir nho su phéi hop cua cac qua trinh hoa hoc, 1y hoc, sinh hoc, léng, két tua va
hap thy vao dit, qua trinh déng hoa boi thyc vat va cac sy chuyén hoa boi cac vi
khuan.

Bii loc ngdm trong cdy c6 dong chay bé mat thuong cd dién tich tir vai trim
dén vai chuc nghin mét vudng. Thong thudng, tai luong thuy luc trong cac bai loc tu
nhién thuong nho hon so véi cac bai loc nhan tao do khong duoc thiét ké cho muc dich
xtr Iy nude thai. Cac hé théng dugc thiét ké cho muc dich xir Iy nude thai c6 nong do
nito va phoétpho thap (hodc luu giit hoan toan) thuong cé tai lwong bé mat rat thap,
nguoc lai ddi v6i cac hé thdng dugc thiét ké dé xir 1y cac chat hiru co (BOD) va chat lo
limg thuong c6 tai lwong bé mat cao hon. Chiéu sdu muc nudc trong hé théng khoang
5 dén 90 cm, thong thuong 1a 30 dén 40 cm. Hé théng dong chay bé mat thudng dugc
su dung dé xu ly bo sung va duoc b6 tri sau céc loai ho sinh hoc tuy tién hoac ho hiéu
khi trong day chuyén xur 1y nudc thai.[1]

e Bai loc trong cay cd dong chay ngam (Subsurface flow wetland)

Ongcimg  Mit tiép nhin nudc thai

Ongcoco 16
(~110mm ) / /q[
1 e

5 % | N %
__ , : Z
“Wem | / / Catmin
~15cm % ¢ / S6i D6 mm
. /
o % / Pi D12 mm
~15cm % 2 i _; ; PaD30-60 mm

Ldp chéng thim 1% slope Pa D3060mm'> Ongra

Mang éng thoat day

Hinh 5: So dé dat ngdp nuwée c6 dong chday ngam theo chiéu dimg
(vé lai theo Cooper, 1996)
Bii loc trong cay c6 dong chay ngdm con dugc goi 13 bii loc ngdm trong ciy. O
chau Au, cac hé théng bai loc dong chay ngdm qua dét va soi di dugc ing dung va xay
dung rat phd bién. Sy (Phragmites australis) 1a loai thuc vét dugc cdy trong phd bién

nhét trong hau hét cac hé théng, mot s hé théng co tréng thém cac loai thuc vat khac.
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Pit hoic soi thuong dugc dung lam vat li€u trong cac bai loc vi ching cé kha nang
duy tri dong chay ngdm. Cac hé thong st dung dat thuong gip cac vin dé vé dong
chay tran bé mat, ddi voi cac hé thdng str dung soi thudong gip cac hién twong tic
dong. Hé thong dong chay ngam thuong ¢ dién tich bé mat nho (<0,5 ha) va tai luong
thity lyc 16n hon so v6i hé thong dong chay bé miat. Cac hé thdng dong chay ngam
thuong dugc sur dung dé xu 1y bac hai dbi véi nude thai sinh hoat tir cac khu vuc nong
thon ¢6 dan sé khoang 4400 nguoi. O Bic My, hé thong nay dugc st dung dé xir Iy
béac ba dbi véi nude thai sinh hoat tir cac khu vue ¢ dan sb 16n hon.

Hé thdng nay chi méi xudt hién gan diy va dugc biét dén véi cac tén goi khac
nhau nhu loc ngdm trong cay (Vegetated submerged bed - VBS), hé théng xtr Iy véi
ving ré (Root zone system), bé loc véi vat liéu soi trong say (Rock reed filter) hay bé
loc vi sinh va vat liéu (Microbial rock filter). Cau tao ciia bai loc ngdm trong cdy vé co
ban cling gdm céc thanh phan tuong ty nhu bai loc trong cdy ngap nudc nhung nudc
thai chay ngém trong phﬁn loc cua bai loc. Lop loc, noi thyc vat phat trién trén do,
thuong gém 6 dat, cat, soi, da dam va duogc xép theo thur tu tur trén xuéng dudi, gitr do
x6p cia 16p loc. Dong chay c6 thé c6 dang chay tir dudi Ién, tir trén xudng dudi hodc
chay theo phuong nam ngang. Dong chay phd bién nhét & bai loc ngam 1a dong chay
ngang. Hau hét cac hé thong duoc thiét ké véi do doc 1% hoic hon.

Khi chay qua 16p vét li¢u loc, nude thai dugce loc sach nho tiép xGc vGi bé mit
cua cac hat vat liéu lgc va vung ré cta thuc vat tréng trong bai loc. Vung ngap nudc
thuong thiéu oxy, nhung thuc vat ciia bai loc ¢6 thé van chuyén mot lugng oxy dang
ké t6i hé thong ré tao nén tiéu vung hiéu khi canh ré va ving ré, ciing c6 mot ving
hiéu khi trong 16p loc sat bé mit tiép giap giita dat va khong khi.

Bii loc ngam trong cdy dong chdy ngang c6 kha ning xir Iy chit hitu co va ran
lo ltmg tét, nhung kha niang xir Iy cac chit dinh dudng lai thip, do diéu kién thiéu oxy,
ki khi trong cac bai loc khong cho phép nitrat hod amoni nén kha nang xtr ly nito bi
han ché. X 1y photpho ciing bi han ché do cac vt liéu loc duge su dung (so0i, d4 dam)
6 kha nang hap phy kém.[1]

1.3.3. Co ché trong xir Iy nwéc thdi sinh hoat bang bdi loc trong cdy

e Loai b6 cac chit hitu co c6 kha ning phén hiy sinh hoc

Trong céc bii loc dat ngap nudc, phan hay sinh hoc déng vai trd 16n nhét trong
viéc loai bo cac chat hiru co dang hoa tan hay dang keo c6 kha ning phéan hity sinh hoc
(BOD) c6 trong nude thai, BOD con lai cling cac chit ran ling duoc s& bi loai bé nho

qua trinh lang. Bai loc dat ngap nudc vé co ban hoat dong nhu bé loc sinh hoc. Tuy
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nhién, ddi véi bai loc dat ngap nudc, vai trd cua vi sinh vat lo limg doc theo chiéu sau
cOt nude cua bai loc ddi véi viee loai bd BOD cling rat quan trong. Co ché loai bo
BOD trong cac mang vi sinh vat bao boc xung quanh 16p vat liéu loc tuong ty nhu
trong bé loc sinh hoc nho giot. Phan huy sinh hoc xdy ra khi céac chét hitu co hoa tan
dugc mang vao 16p mang vi sinh bam trén phén than ngdp nudc cua thuc vat, h¢ théng
ré va nhirng viung vat liéu loc xung quanh, nhd qué trinh khuéch tan. Vai tro cua thuc
vat trong dit ngap nudc la:

Cung cip mdi truong thich hop cho vi sinh vét thuc hién quéd trinh phan huy
sinh hoc (hiéu khi) cu trd.

Van chuyén oxy vao ving r& dé cung cap cho qua trinh phan hity sinh hoc hiéu
khi trong 16p vt liéu loc va bo ré.[1]

e Loai bé chit ran

Céc chat ran lang dugc loai bé dé dang nhd co ché lang trong luc vi hé thong
bi loc trong cay c6 thoi gian luu nudce dai. Chat ran khong ling duogc, chat keo co thé
duoc loai bo thong qua co ché loc (néu c6 su dung cat loc), léng va phan huy sinh hoc
(do su phat trién cta vi sinh vat), hut bam, hép phu Ién cac chét rin khac (thuc vat, dat,
cat, sdi...) nho luc hép dan Van De Waals, chuyén dong Brown. DPéi véi sy hat bam
trén 16p nén, mot thanh phan quan trong ctia bai loc ngam, chat ran luo ling duoc loai
b6 trudc tién nhd qua trinh ling va phan huy sinh hoc, twong tu nhu cac qua trinh xay
ra trong bé sinh hoc nho giot.

Céc co ché xu 1y trong hé thong nay phu thudc rat nhiéu vao kich thude va tinh
chét cta céc chét ran co trong nudc thai va cac dang vat li€u loc duogc st dung. Trong
moi truong hop, thuc vat trong bai loc khong dong vai tro dang ké trong viéc loai bo
céc chat ran.[1]

e Loai bo Nito

Nito dugc loai bé trong cac bai loc chil yéu nho 3 co ché chu yéu sau:

+ Nitrat héa/khur nito

+ Su bay hoi cia ammoniac (NHs)

+ Su hép thu cua thuc vat

Hién nay, cac nha nghién ctru van chua thong nhét vé tdm quan trong cua cac
co ché khtr nito nhu ddc biét voi hai co ché nitrat hoa/khtr nitrat va sy hap thu cia thuc
vat.

Trong céc bii loc, su chuyén hoa ciia nito xay ra trong cac tang oxy hoa va khir

cua bé mat tiep xuc gitra r€ va dat. phan ngap nudc cua thuc vat co6 than nho 1én khoi
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mit nude. Nito hitu co bi oxy hoéa thanh NH," trong ca hai 16p dat oxy hoa va khir.
L6p oxy hoa va phan ngp nudc cua thyc vat 12 noi chil yéu xay ra qua trinh nitrat hoa,
tai ddy NH," chuyén héa thanh NO, béi vi khudn nitrosomonat va cudi cung thanh
NO; boi vi khuan nitrobacter. O méi truong nhiét do cao hon, mot sé NH," chuyén
sang dang NH; va bay hoi vao khong khi. Nitrat trong ting khir s& bi hut di nho qua
trinh khtr nitrat, loc hay do thuc vét hap thu. Tuy nhién, nitrat duoc cip vao tir ving
oxy hoa nho hién tuong khuéch tan.

Déi v6i bé mit chung gitra dat va ré, oxy tir khi quyén khuéch tan vao vung 14,
than, r& cia cac cdy trong trong bai loc va tao nén mot 16p giau oxy twong ty nhu 16p
bé mit chung giita dat va nudc. Nho qua trinh nitrat hoa dién ra ¢ ving hiéu khi, tai
day NH," bi oxy hoa thanh NO3. Phan NO5™ khong bi cay trong hap thy s& bi khuéch
tan vao vung thiéu khi, va bi khir thanh N, vd N,O do qué trinh khtr nitrat. Luong
NH," trong ving ré duoc bo sung nhd nguén NH," tir ving thiéu khi khuéch tan
vao.[1]

e Loai bé photpho

Co ché loai bé photpho trong bai loc dat ngap nudc gom co su hap thu cia thuc
vat, cac qua trinh d@)ng héa cua vi khuan, su hép phu lén dat, vat liéu loc (chu yéu la
1én dat sét) va cac chit hitu co, két tha va léng cac ion Ca?*, Mgz+, Fe®* va Mn%. Khi
thoi gian luu nude dai va dét str dung c6 cdu trac min thi cic qua trinh loai b photpho
chu yéu la su hép phu va két taa, do diéu kién nay tao co hoi cho qué trinh hép phu
photpho va cac phan g trong dat xay ra.

Tuong tu cac qua trinh loai bd nito, vai trd cua thuc vat trong van dé loai bo
photpho van con 1a van dé tranh cii. Du sao, ddy ciing 1a co ché duy nhat dwa han
photpho ra khoi hé thdng bii loc. Cac qué trinh hap phu, két tua va ling chi dua duoc
photpho vao dit hay vat liéu loc. Khi lwong photpho trong 16p vat liéu vuot qua kha
nang chtra thi vat liéu loc hay 16p tram tich d6 phai dugc nao vét va xa bo.[1]

e Loai bo kim loai ning

Khi cac kim loai ning hoa tan trong nuéc thai chay vao hét héng dat ngap nuéc,
cac co ché loai bo chung gom cé:

Két tua va ling & dang hydroxit khong tan trong ving hiéu khi, ¢ dang sunfit
kim loai trong vung ki khi cua lop vat li¢u.

Hap phu 1én cac két tia oxyhydroxit sit, mangan trong ving hiéu khi.

+ Két hop 1an véi thyc vat chét va dat.

+ Hip thu vao ré, than va 14 cua thuc vét trong hé théng dat ngip nudc.
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Céc nghién ctru chua chi ra duoc co ché ndo trong cac co ché néi trén o vai tro
16n nhét, nhung nhin chung c6 thé noéi rﬁng luong kim loai dugc thuc vat hép thu chi
chiém mot phﬁn nhét dinh.

Céc loai thuc vat khac nhau c6 kha nang hép thu kim loai nang rat khac nhau.
Bén canh d6, thuc vat dim lay ciing anh hudng gian tiép dén sy loai bo va tich trir kim
loai ning khi chung anh hudng t6i ché do thuy luc, co ché hoa hoc 16p tram tich va
hoat dong cua vi sinh vat. Vat li¢u loc 1a noi tich tu chu yéu kim loai nang. Khi kha
nang chura cac kim loai nang cua chiing dat to1 gidi han thi can nao vét va xa bo dé loai
kim loai ning ra khoi hé théng.[1]

e Loai bé cac hop chit hiru co

Céc hop chét hitu co dugce loai bo trong hé théng dat ngap nude chil yéu nho co
ché hap phy, phan hity boi cac VSV va hép thu cia thuc vat. Quaé trinh phan huy céc
chét htru co chinh nhd cac vi khuan hiéu khi va ki khi, nhung qua trinh hap phu céc
chét ban 1én mang VSV phai xdy ra trudc qua trinh thich nghi va phan hay sinh hoc.
Céc chit ban hiru co con c6 thé duoc loai bo nhd qué trinh hat bam vat 1y 1én bé mat
cac chét ran lang duoc va sau d6 13 qua trinh ldng. Qua trinh nay thudng xay ra ¢ phan
dau cta bai loc. Cac hop chat hitu co ciing bi thuc vat hap thu. Tuy nhién, co ché nay
con chua dugc hiéu o va phu thudc nhiéu vao loai thuc vat duogc tréng, cling nhu dac
tinh ctia cac chat ban.[1]

e Loai b6 vi khuan va virut

Co ché loai bé vi khuan, vi rat trong cac hé thong dat ngap nude vé ban chat
cling gibng nhu qua trinh loai bé cac VSV nay trong hé sinh hoc. Vi khuan va virut c6
trong nudc thai dugc loai boé nho:

- Céc qua trinh vat Iy nhu dinh két va ling. loc, hip phu.

- Bi tiéu diét do diéu kién méi trudng khong thudn loi trong mot thoi gian dai.

- Céc qua trinh vat ly ciing dan dén sy tiéu diét vi khuan, virut nhu: nhiét do,
pH, btic xa mit trdi. Cac yéu t6 sinh hoc bao gom: thiéu dinh dudng, do cac sinh vat
khac an. Hién nhiing bang chig vé vai trd cua thuc vat trong viéc khir vi khuan, virut
trong hé snh thai dim 13y con chua nghién ciru rd.[1]

1.3.4. Cdc nguyén Iy co bén trong bii loc trong cdy

Xt 1y nude bang cach loi dung kha ning hap thu cac chit 6 nhiém cia cac loai
ciy trong, chiing hap thy cic chat 6 nhi®m nhu ngudn thic an tir d6 phat trién thanh
sinh khdi. Hé Wetland dugc nudi tréng ndi trén beé, hodc tréng trén hé vat liéu mang

két hop hinh thanh mang biofilm tang hiéu qua xu Iy nudec.
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Cac thuy thuc vat sau ddy ciing c6 thé dudce ap dung trong hé théng Wetland
nhu: Co Vetiver, Cay co nén, cdy thay trac - Cyperus alternifolius, cdy chudi hoa -
Canna, Cay c6 voi — elephant grass. Tuy nhién, c6 mot van dé hét sitc quan trong trong
viéc st dung thuy thuc vat trong h¢ théng Wetland 1a: Kha nang hép thu cao nhiing
chat doc hai, 6 nhiém ma khong thai ra cac cac can ban, cac chat 6 nhidm trong qué
trinh phat trién.

Céc loai thyc vat duoc sir dung trong nghién ctru ndy gdm:

» Cay thiuy trac (Cyperus flabelliformis)

Thuy trac thudc dang cay than thio, thuong moc thanh bui, ré chum, séng tdt
trong moi truong bun lay, cao trung binh 50-70 cm, c¢6 khi phat trién dén 1,5 m. R&
clia cdy dang ré chum bam chic va rat khoe, ré an siu trong méi trudng bun nudc.
Thuy trac phét trién rat nhanh, c6 thé séng trong bong ram, ngoai troi, hay dudi nude
déu phat trién rat khoe, ciy thich hop 1am cy thuy sinh.

Thuy trac séng tot trong moi trudng nude c6 kha ning loc sach nudce, lam nudce

ling cin, trong hon vira c¢6 kha ning hap thu khi doc trong khong khi dem dén moi

trudong an toan, trong lanh. Loai cé nay c6 dac tinh hép thu amoni va asen rat tot.

/" \\\ - , =\ _
A Z \, D - “‘l ; ) \‘

Hinh 6: Cay thuy truc
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» Co Vettiver (Chrysopogon zizanioides)

Dang than cong, dac chic va hoa g0, moc thanh bui day dic. Ré 1a ph?m co tac
dung 16n va quan trong nhat, co dang moc thanh chum. C6 stc chiu dung 16n voi bién
d6i khi hau nhu han han, 1ii Iyt. Kha nang chiu dung ngap ung 1én t6i 45 ngay.

Ung dung cua co Vettiver.

e (o Vetiver phu hop véi dét c6 d6 chua, d6 man, do phén cao, c6 ham luong
Na va Mg cao.

e C6 Vetiver phi hop véi dat va nude c6 ham luong Al, Mn cao va nhing kim
loai nang nhu As, Cd, Cr, Ni, Pb, Hg, Se va Zn.

e Co Vetiver c6 kha ning hip thu mot luong 16n N va P hoa tan trong nudc
thai.

e (Co Vetiver phu hop vé6i dat c6 ham luong chét dinh dudng cao.

e (o Vetiver c6 kha ndng chiu néng do thudc trir sau, thude trix ¢o cao.

e (6 Vetiver c6 kha nang phan hiy mot s6 hop chét hiru co lién quan véi thude
trir sau, thude trir co.

e Co Vetiver co thé phuc hdi rat nhanh sau khi bi anh huong cua han han, gia
lanh, chdy, nhiém min va nhitng diéu kién bat loi khac sau khi nhitng diéu kién nay
két thic.

e AN

Hinh 7: Cay Vettiver
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> Cay thién diéu (Strelitzia reginae)

Cay hoa Thién diéu vang (tén khoa hoc 13 Strelitzia reginae) con dugc goi 1a
hoa Chim Thién dudng c6 ngudn gdc xuat xitr & Nam Chau Phi va ving Chau M¥ nhiét
d6i... Pay 1a loai cay d& trong, c6 kha nang thich nghi cao v6i méi truong sdng, chiéu
cao khi truédng thanh khoang 1,2 - 1,6 mét, co6 tur 5-6 14, khi n¢ hoa, canh hoa thuong
cung, map map.

Thién diéu ra hoa quanh nam. Loai hoa nay c6 cAu truc rat dic biét v6i 5 canh
moc xép dbi nhau nhu nhitng chiéc 14 theo chiéu dai cua than. Hoa moc phia trén tan
14, cuéng hoa dai mau do tia, dai hoa mau vang da cam ryc rd, trang hoa mau lam sam,
nhuy mau tréng. Thién diéu 1a loai hoa da sic mau ruc 1, lau tan nén duogc chon cdm
lo trang tri trong nha hodc trong nhu cay canh trong khuon vién gia dinh, khu vui choi
giai tri... Pay 1a loai cay co stic chiu dung cao & moi loai dat trong, cAy moc phu hop
trén dét giau dinh dudng, toi x6p nhiéu mun, pha cat, ua chiéu sang, anh ning.

Theo nghién ctru, ty 1€ cay séng cao, it bi sau bénh hai nén khong phai sir dung
thude trir sdu, an toan cho nguoi tréng va su dung hoa; dic biét, cay rat phu hop voi

diéu kién tu nhién, khi hau va dong dat.

Hinh 8: Cay thién diéu
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CHUONG II: PHUONG PHAP LUAN NGHIEN CUU
VA XAY DUNG MO HINH

2.1. So d0 nghién ciru

L4y mau, phan tich cc théng sb dau
vao (pH, TDS, BOD, COD, NH,+-N,
PO*-P

Thiét k& mé hinh bii loc trdng cay va
chay thi nghi€m mé hinh ¢ quy moé
PTN

Chay thi nghiém xac dinh tho1 gian
luvu cho moé hinh

DPanh gia hiéu qua xu Iy

Chon md hinh ti wu

DPé xuit mod hinh va tinh toan thiét ké
ap dung thuc té
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A

Hinh 9: a) So d6 nghién citu ciia dé tai, b) Cac mé hinh bdi loc trong cdy tai PTN All,

truong Pai hoc Da Lat

Budc dau tién, dé tai tién hanh 1dy mau nudc thai hd Poi C6 va phan tich cac
thong s6 dau vao (pH, COD, BOD, Amoni, photphat, TDS).

Tiép theo 1a thiét ké cac mo hinh bai loc trong cay va mot mé hinh d6i ching
chi gém vt liéu loc. Sau d6 tudi nude thai vao ciac mo hinh bai loc trong cdy dé ciy
thich nghi. Khi tién hanh chay thi nghiém, dé tai sir dung may bom tuan hoan dé chay
cho cac md hinh. Dé tai chay thi nghiém véi cac thoi gian luu khac nhau 1a 30h, 20h,
va 10h, mau dau ra s& duoc iy sau cac thoi gian luu va phan tich cac thong s6 dau ra
(PH, COD, BOD, Amoni, Photphat, TDS) va danh gia hiéu qua xu ly. Dya trén két
qua thu dugc, dé tai tién hanh danh gia, lwa chon md hinh bai loc trong cay t6i wu nhat
va dé xuit ing dung thuc té.

2.2. Céac chi tiéu va phuwong phap phan tich dwge sir dung trong nghién ciru.

Phin tich mdt s6 chi tiéu theo mot s6 cac tiéu chuin sau:

TCVN 6663-1:2011 (ISO 5667-1:2006) — Chét lwong nudc — Phan 1: Hudng
dan 1ap chuong trinh 14y mau va k§y thuat 1dy mau

TCVN 6663-3:2008 (ISO 5667-3: 2003) - Chat lugng nudc - Lay mau. Huéng
dan bao quan va xir Iy mau;

TCVN 5999:1995 (I1SO 5667 -10: 1992) - Chét lugng nudc - Ly mau. Hudng
dan 1ay mau nudc thai.

TCVN 4557:1988 Chat lugng nudc - Phuwong phéap xac dinh nhiét do.
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TCVN 6492:2011 (1SO 10523:2008) Chat lwgng nuéc - Xac dinh pH.

TCVN 6185:2008 - Chét lwong nudc - Kiém tra va xac dinh mau sic.

TCVN 6001-1:2008 (ISO 5815-1:2003), Chit lwong nuéc — Xac dinh nhu cau
oxy sinh hda sau n ngay (BOD) — Phan 1: Phuong phap pha lodng va cy c6 bd sung
allylthiourea.

TCVN 6001-2:2008 (ISO 5815-2:2003), Chit lwong nuéc — Xac dinh nhu cau
oxy sinh héa sau n ngay (BODn) — Phan 2: Phuong phap dung cho m au khéng pha
lodng.

TCVN 6491:1999 (ISO 6060:1989), Chit lwong nudc - Xac dinh nhu cau oxy
hoa hoc (COD).

TCVN 6625:2000 (ISO 11923:1997), Chat lugng nuéc - Xac dinh chat rin lo
ling bang cach loc qua céi loc soi thuy tinh.

Tién hanh phan tich mau tai phong thi nghiém Khoa Moi trudong va Tai nguyén,
truong DH Da Lat theo cac phuong phap sau:

Chi tiéu pH: Do bang may do pH.

TDS: Po bang may TDS.

COD: Xéc dinh nhu cau oxy hoa hoc bang phuong phap Bichromat (COD -
Chemical Oxygen Demand).

Phén tich P-PO4: Phuong phép tric quang so mau voi thudc thir Vanadat —
Molybdat.

Phan tich Amoni (N-NH4): Phuong phap tric quang so mau véi thudc thir
Nessler.

Phan tich BOD: Phuong phéap do su hd hap (Str dung cho thiét bi BOD sensor-
system 10).

2.3. Phuwong phép thu thip miu va phwong phap phén tich miu

- Dung cu lay mau: DUng can dung miu bang polime c6 nap ddy, duoc trang
sach bang nudc cat trude khi 1dy mau tai khu vuc nghién ctru

- Phuong phap ldy miu: Co s& TCVN 5999:1995 (ISO 5667-10: 1992) — Chat
luong nudce — Liy mau.

Hudng dan 1dy mau nude thai.

+ Tién hanh ldy mau nudc thai tai ho Doi Co.

+ Dung can nhwa di trang sach bang nudc cat va dit huéng vé dong nudc t6i va

lay dén khi day can.
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+ Lay mau tranh khong dé rac hay nhitng vat dung khac chui vao can. Nudc 1y
vao ddy can khong dé khong khi chui vao.
2.3.1. Phwong phdp phén tich COD

a. Tom tit 1y thuyét

Mot phuong phap kiém tra ham lugng chat hitu co c6 mit trong nudc thong qua
viéc xac dinh chi s6 BOD5 thu duoc két qua mot cach gﬁn ding. Tuy nhién mot test
BOD trong 5 ngdy c6 mot sd bat thuan loi, ching han néu BOD trong nudc 1a rit cao
thi gid tri DO sau 5 ngay bang zero. Nhu vy c6 nghia 1a khong c6 di oxy hoa tan
trong nude dé co thé oxy hoéa hoan toan nhirng chét hitu co c6 mit trong mau. Mic du
chung ta c6 thé ding thém dung dich pha lodng dé cung cip thém oxy, nhung s& khong
biét chac chan thoi gian dé vi sinh vat tiéu thy hét luong oxy trong mau. Ngoai ra, mot
bat tién nira ciia test BOD 14 sy ¢ mat ciia nhitng yéu t6 chua biét cing ton tai trong
mau. Pé giam bat thoi gian cho qua trinh oxy hoa ciing nhu ting kha ning oxy hoa,
ngudi ta co thé ding phuong phap test COD dé xac dinh ham luong cac chat hitu co ¢o
trong nudc. Dé xac dinh nhu ciu oxy hoa hoc nguoi ta diung chat oxy hdéa manh trong
moi trudng acid manh, thuong ding 1a K,Cr,0,. Sau khi dun gan 2 gio ¢ nhiét do
khoang 150 C thi c6 khoang 95, 100% cac chit hitu co c6 mit trong nudc cé thé bi

oxy hoa theo phan Ung sau:

Ag,SO —
C,H 0, N, + dCr,02~ + (8d + C)H* 23 nCO, + “*"j ¢ H,0 + 2dCr3t
Trongdo d =22+ 2 — ==
3 6 3 2

Vai tro ciia Ag,So, 12 1am chét xtic tic cho qua trinh oxy hoa cac chét hitu co
c6 khéi lwong phén tir thap. Néu trong nude ¢ mit cac ion €I~ s& lam giam hoat tinh
xuc tac cia Ag*, ngoai ra Cl~ con c6 thé tham gia phan g v&i ion bicromat trong
moi trudng acid. Khi 6 ngudi ta cho H gSo, vao dé tao phtrc véi CL~ theo phan Gmg
Sau:

Hg?*+4Cl _HgCl3~

Sau d6, chuan do luong du chat oxy hoa bang dung dich phén sit amoni (FAS) véi chi

thi ferroin

ferraoine

6Fe’t + Cr,0%~ + 14 Ht ————6Fe3t+ 2Cr3*7H,0
b. Dung cu - héa chit

1. Ampule c6 nép van, chiu nhiét.

2. Thiét bigia nhiét dén 150 £ 2 0C.

3. Dung dich K,Cr,0,0,1 N pha 1,0 L.
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Muéi K,Cr,0, M = 294,192 g/mol. lugng can 4,903g mudi.

Lay 500 mL nudc cit 4,903 g mudi K, Cr,0, di duoc nung trong ta sdy tai 103
oC trong 2 gid, dé ngudi), 167 mL H,So, (dd) va 33,3 g HgSo,. Hoa tan, 1am lanh,
pha lodng bang nudc cat dén thé tich 1,0 L.

4. Dung dich Fe(NH,),(50,),.6H,0 0,1 M (FAS) pha 1000 mL.

Mubi Fe(NH,),(S0,),.6H,0 M= 392,140 g/mol. luong can 39,219405 g mubi

Hoa tan luong can 39,219405 g mudi Fe(NH,),(S0,),.6H,0 bang nudc cit.
Thém 20 mL dung dich acid sulphuric dic (d = 1,84 g/mL). Lam lanh, pha lodng bang
nuéc cat dén thé tich 1,0 L. Xéac dinh chinh xac ndng d6 ctia dung dich nay: Lay 10,00
mL dung dich chuan K,Cr,0, 0,0167 M cho vao binh dinh mic 100 mL, thém 30 mL
dung dich H,So, dic. Pinh mic t6i vach bang nuéc cat. Lam lanh. Chuan do bang
dung dich Fe(NH,),(50,),.6H,0 0,1 M (vtra pha) vdi chi thi ferroin (khoang 2-3
giot).

5. Dung dich H,S0,/Ag,S0,

Dung dich acid nay c6 chtra Ag,So, theo ty 1¢ 5,5 g Ag,So,/kg. H,So,

6. Dung dich acid sulfuric dam dac 1,0 L (Chai c6 sa:m)

c. Tién trinh

Péi v6i miu.

Stc rira sach ampule va nip vin bang acid sulfuric 20 % trudc khi st dung. Lay
2,5 mL mau can dinh phan; 1,5 mL dung dich K,Cr,0, 0,0167 M; can than thém 3,5
mL dung dich acid chira bac sulfat. Van chat nép, lic déu nhiéu lan. Pat cac ampule
thiét bi gia nhiét, hiéu chinh nhiét d6 dén 150°C, dun trong 2 gid. Liy ampule dé
ngudi, chuyén tit ca sang binh tam giac 125 mL, thém 1 — 2 giot chi thi ferroin. Chuan
bang dung dich FAS 0,10 M dén khi dung dich chuyén tir mau xanh - luc sang nau do.
Lam ba lan, tinh két qua trung binh.

Déi v6i miu trang.

Tién hanh giéng nhu myc 3.2.2.1, nhung thay 2,5 mL mau nuéc bang 3,5 mL
nuéc cat phong thi nghiém.

Tinh toan két qua

COD (tinh theo mg 0y1) = L2—"2) ",M <8000
Trong do:
Vb: thé tich dung dich FAS 0,1 M da str dung dé chuan do mau tréng, mL.

Vs: thé tich dung dich FAS 0,1 M da st dung dé chuan d6 mau, mL.
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M: ndng d6 dung dich FAS 0,10 M.

V: thé tich mAu can dinh phan, mL.

Phuong phap phan tich p — Po,Phuong phap tric quang so mau vé6i thude thir
Vanadat — Molybdat

a. Tém tat Iy thuyét.

Nhin chung nudc thai sinh hoat c6 ham luong cac hop chat ctia phospho twong
d6i cao. Trong cac loai chat tiy rira tong hop ham lugng phospho vo co chiém tir 2 dén
3 ppm va cac dang phospho hitu co chiém tir 0,5 dén 1,0 ppm. Phan 16n cac dang
phospho vo co duoc bat nguon tir nhitng hoat dong xa thai ciia con ngudi. Ngay nay,
cac chét tay rira tong hop c6 tac dung tdy sach manh thuong chtra 12 dén 13% phospho
hodc trén 50% pholyphosphat. Cac vi sinh vat trong qua trinh xir 1y nuéc thai bang
bién phap sinh hoc doi hdi cin mot lwong nhét dinh phospho dé tai san sinh cac té bao
moi

b. Héa chét va dung cu.

Dung dich vanadat — molybdat:

- Dung dich (1): Hoa tan 12,5 g amonimolybdat (NH,)¢Mo,0,,.4H,0 trong
100 mL nuéec.

- Dung dich (2): Hoa tan 0,625 g amoni vanadat NH,V 05 vao 150 mL nudc
trong binh dinh muc 500 mL. Pun dén tan hoan toan, 1am lanh dén nhiét do phong.
Thém cin than 165 mL HCI dac, lam lanh dén nhiét d§ phong.

- Rét can than dung dich (1) vao dung dich (2), dinh mirc dén vach bang nudc
cat. Dung dich duoc bao quan trong chai thily tinh mau nau.

Dung dich gbc PO4 3- 0,20 mg/mL: Hoa tan 0,7521 g Na,HPO,.12H,0, dinh
mirc dén 1,0 L bang nudc cit.

Dung dich 1am viéc PO4- 20 mg/L: Rat 100 mL dung dich gdc, chuyén vao
binh dinh mic 1,0 L. Pinh mirc dén vach bé“mg nudc cét.

c. Tién hanh

Xay dung dwong chuin photphat:

Chuéan bi day dung dich chuin c6 ham luong PO4 3- 0,00; 0,40; 2,00; 4,00;
6,00; 8,00 va 10,00 mg/L bang cach: LAy 7 binh dinh muc dung tich 50 mL da duoc
danh nhan theo thi tu tir “0” dén “6”.

Dung pipet hat 1an lugt vao cac binh chinh xac V (mL) Dung dich lam viéc
PO4 3- 20 mg/L twong tmg: 1,0; 5,0; 10,0; 15,0; 20,0 va 25,0 mL. Thém vao mdi binh
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5,0 mL dung dich hdn hop vanadat — molybdat, dinh mirc t6i vach bﬁng nude cat, lic
ky. Dé yén trong 10 phit tai nhiét do phong.

Do d6 hip thu quang & bude séng 400 nm trén mdy spectrophotometer UV-Vis
6305. Mau trang 1 binh danh nhan s6 “0”

Phén tich miu va tinh todn két qua tir phwong trinh dwong chuin:

Hat 25,0 mL miu nudc can dinh phan vao binh dinh mtc dung tich 50 mL.
Thém 5,00 mL dung dich hdn hop vanadat — molybdat, dinh mirc dén vach bang nuéc
cat. Lic k§. Dé yén 10 phut, do mat do quang tai budc séng 400 nm véi mau so sanh
1a nude cat va ciing duoc 1én mau tuong tu trong qué trinh dyng duong chuan.

d. Tinh toan két qua.

Sau khi dung dudng chuan xong, phuong trinh dudng chuan cé dang:

A = a + bC Néu goi Cx - ham luong chét dinh phan trong mau phan tich, Ax -
gia tri dai lugng A do dugc ing voi mau phan tich trong cung diéu kién nhu khi xay
dung dudng chuin, co thé tinh Cx tir phuwong trinh dudng chuan:

2.3.2. Phwong phdp phdn tich N-NH4:

Phuong phap trac quang so mau véi thude thir Nessler

Hut Sml miu cho vao binh dinh mitc 50ml (tiy vao mau ma ta co quyét dinh
pha lodng hay khong). Thém vao mdi binh 1 ml dung dich mudi xenhet va Iml thudc
thir Nessler. Pinh murc bé“mg nude cit dén vach, lac k¥. bé yén tr 5-10 phut, do mat do
quang cua day dung dich & budc song 450 nm.

Chuan bi mau trang dong thoi va twong tu mau chuan, thay 5 ml miu nudc
bang 5 ml nudc cAt.

Thiét bi, dung cu va hoa chat

e Thiét bi, dung cu

Cbc thuy tinh dung tich 200ml va 100ml

Binh dinh mirc 100ml, 50ml

Pipet cac loai: 1, 5, 10, 25 ml

M4y so mau quang pho UV/VIS

e Hoa chit can dung

- Dung dich mubi xehet (natri kali tartrat) 50%: hoa tan 50g natri kali tartrat
trong nude cat va dinh murc t6i 100ml.

- Dung dich Nessler: hoa tan 10,00g thuy ngan iodua Hgl, va 7,009 kali iodua
KI trong mot it nude cat.

Hoa tan 16,00g NaOH trong 50ml nudc cat va 1am lanh dén nhiét d6 phong.
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- Dung dich K&m sunfat 5%: Hoa tan 5,009 ZnS0,trong nudc cat va dinh murc
té1 100ml

- Dung dich amoni chlorua I, 1mg/ml: hoa tan 0.2973g amoni chlorua khan
(NH4CI), da siy kho 1000C trong 1 gid, bang nudc cit va dinh muc toi 100ml.

- Dung dich amoni chlorua II, 10mg/L: Hat 1,00ml dung dich amoni chlorua I
vao binh dinh mtrc 100ml.

- Dung dich NaOH 6N: cin 24,00g NaOH hoa tan trong nudc cat lam lanh dén
nhiét d§ phong va dinh murc t61 100ml.

- Dung dich amoni clorua I, 1mg/ml: hoa tan 0.2973g amoni clorua khan
(NH4CI), da say kho 1000C trong 1 gid, bang nudc cat va dinh muc toi 100ml.

> Xay dung dwong chuian amoni

Xay dung dudng chuan trac quan amoni lan luot tién hanh cac budc sau:

- Chuan bi ddy dung dich mau chuan va mau trang lay 11 binh dinh mirc 50ml,
dén nhan tir 0 dén 11.

- H(t vao cé4c binh di dan nhan tir 0-10 1an luot cac thé tich NH4+ 10mg/1 1a: 0;
2,5; 5,0; 10; 15; 20; 25; 30; 35; 40 ml

- Thém vao mdi binh 1ml dung dich mudi xenhet va 1ml thudc thir Nessler.
Dinh muic bang nude cat dén vach. Lac k.

- Pé yén tir 5-10 phut, do mat d6 quang cua diy dung dich & budc song 450 nm
trén may tric quang so mau.

- Tién hanh xay dung duong chuan dua trén két qua di phan tich.
2.3.3. Phwong phdp phén tich BOD

a. Hoa chét va dung cu.

Dung cu

1. May Oxymeter.

2. May pH meter.

3. Tt 6n nhiét.

4. B6 BOD sensor.

Hoa chat dung cho phuong phap:

Hoa chat

Mg2+ 21,57 mg/mL, Ca2+ 28,19 mg/mL, Fe3+ 0,26 mg/mL,NaOh

b. Tién hanh

Phwong phap do sw hé hap (Sir dung cho thiét bi BOD sensor—system 10)
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Khi mau nudc thai c6 ham luong chét hitu co (tinh theo BOD) trong khoang
100 000 dén 150 000 ppm thi viéc xac dinh BOD theo phuong phap pha lodng thé hién
nhirng han ché nhit dinh nhu ham luong DO sau 5 ngdy 0 bang zero, sai s6 16n do su
pha lodng, ... Khi d6 ¢ thé xac dinh BOD theo nguyén 1y su ho hip ctia Warburg.

Nhirng miu nude thai co tri sé BOD thap hon 800-900 ppm thi khong can phai
pha lodng. D6i v6i nhitng mau c6 BOD rat cao thi can phai pha lodng dén nhiing gia
tri thap hon theo nhitng ty 1& pha lodng khac nhau dé phu hop véi diéu kién van hanh
cua thiét bi.

- Van hanh thiét bi: thuc hién theo su hudng dan cua gido vién.

- Chuan bi miu: trong nhiéu trudng hop miu nude phai duoc xu 1y trude khi do
BOD: o Khi mau c¢6 pH nam ngoai khoang 6,5-7,5.

o Néu mau duoc khir tring bang Clo, C10,CIO,, ozon, ...

chéucélnatcﬁanhﬁngchétdécdéivéivikhuén.

o Néu mau c6 nhiéu vi khuan nitrat hoa.

o Khi ¢6 qué it vi khuén c6 loi.

o Khi nhiing chit vi dudng (N, P, nhitng nguyén té vi luong khac) cé qua it.

Déi v6i nude thai cong nghiép thi nhitng van dé nay déu c6 thé xay ra.

- Trung hoa méu: hiéu chinh pH ctia mau dén khoang 6,5 — 7,5 bang acid
sulfuric 1 N hoac NaOH 1 N. Luu y: thé tich acid hodc base thém vao khong dugc
vuot qua 0,5% thé tich cia mau can dinh phan. néu can thiét c6 thé tang néng do acid
hoac base 1én.

- Giam thiéu cac tic nhan khir tring: thém mot luong nhé dung dich No. 10.

- Giam thiéu nhitng kim loai ddc: mdt s6 loai nuée thai (vi du: nha may son-ma
kim loai) c¢6 chira nhitng kim loai doc. Tién hanh dua ching vé dang két tia rdi loc dé
loai bo két tia, sau d6 hiéu chinh dén pH mong mudn.

- Do thé tich chai BOD.

- Lay vao mdi chai BOD V (mL) mau can dinh phan.

1. Thém chét {rc ché qua trinh nitrat hoa: tuy theo dung tich ciia chai BOD va
thé tich mau can dinh phan ma chon thém thé tich dung dich No.11 khéc nhau. Thé
tich mau, mL: 100,150,250,400 Thé tich dung dich No.11, mL:0.3,0.5,0.8,1.3

- C4y thém vi khuan: khi mau nudc thai cé sé lwong vi khudn hip thu thdp hon
muc can thiét hodc ¢6 mat cua nhirng tac nhan la co6 tac dung trc ché su phat trién cua

vi khuan.
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- Cung cap dinh dudng: trong mot sd truong hop can phai cung cap thém dinh
dudng cho sy phat trién ctia vi khuan. Thém cac dung dich No.1-4 (phwong phép pha
lodng) dbi voi nhitng mau c¢6 BOD tir 800 dén 900 ppm.

- Tuong tu, tién hanh ddi véi mau trang 1a nude cat phong thi nghiém.

- Tinh toan két qua:

BOD? (rea) =

BOD, - BOD,,
y

i

Trong do:

BOD 20 5 (real): BOD thuc cuia mau nudc, mg/L.
BODs: BOD ctia mau sau ndm ngay u ¢ 20 °C, mg/L
BODb: BOD cuia mau trang sau 5 ngay @ & 20 °C, mg/L.
Vs: thé tich mau nuée trude khi pha lodng, mL.

Vd: thé tich mau nudc sau khi pha loang, mL

2.4. Xay dung mo6 hinh thi nghiém
> B tri thi nghiém

Hinh 10: M6 hinh thi nghiém
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Hinh 11: Mé hinh bdi loc trong cdy Thuy triic VA cay Thién diéu
2.4.1. Vgt ligu thi nghi¢m

- Binh nuéc 24L

- Cat

- Than axit

- Soi nho

- Soi lon

- Dit

- Ong nudc

- Bé chita nuée

- May bom

- Mot sb nguyén liéu khéc

GIOI THIEU VE MO HINH:

M6 hinh bai loc tréng cay cua nhom duoc thiét ké tir binh nuéc 24L, sau khi cit
bo phan phia trén, 13y phan phia duéi cia binh dé 1am thi nghiém.

Dau tién thiét ké mo hinh trong cay tir binh nudc, ¢d dng dan nudc tryc tiép
chay ra tir binh. Sau d6 sip xép cac 16p vat liéu theo tht tu va chiéu day nhu sau: soi
15cm, cat min 10-12cm, than 8-10cm, va mét 16p dat méng khoang 5cm dé lam moi
truong trdng cdy. Tién hanh trong cac cay thi nghiém trén tirng mo hinh.

Dé tai tién hanh nghién ctu thi nghiém trén bén md hinh:

M6 hinh 1: 12 mé hinh bai loc trong cay Thién Diéu.

M6 hinh 2: 1a mé hinh béi loc trong cay Thuy trdc.

M6 hinh 3: 1a mé hinh béi loc trong cay Vetiver.
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MBS hinh 4: 1a m6 hinh d6i ching chi c6 vat liéu loc.
M6 hinh sau khi trong cay dugc dé & bén ngoai ty nhién dé cac cay phat trién
trong diéu kién binh thuong.

Hinh 12: Binh trong cdy
Budc tiép theo 1a thiét ké hé thdng dng nho giot cho mé hinh binh bai loc tréng
cay. Hé théng tudi tu dong chia déu trén toan bo bé mat caa mé hinh, gitp cho kha

nang thadm nude va xir Iy caa mé hinh tét hon.

ig:

Hinh 13: Thiét ké hé thong twdi nhé giot
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Pé tai sir dung may bom luu lugng dé chay tuan hoan lai luong nude dau ra cho
cac md hinh, gidp hiéu qua xt ly cao hon. Day dién va cac 6ng dan nuéc cia may bom

dugc chay di vao bén trong ctia md hinh dé dam bao an toan cho mé hinh vi dé ngoai
troi.
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Hinh 14: Lép ddt mé hinh cé két néi véi méy bom tudn hoan
Nudc thai dau ra s& duoc thu lai trong x6 chira va dugc may bom tuan hoan lién
tuc trong qua trinh chay.

5 e ; ¥l N\
Hinh 15: M6 hinh bai loc di vao hoat dong
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Cac md hinh bai loc trong cay dugc dat trén cao, nho tim dém lam gia d& va
phia trén 1 cac tim van ép dé gilp can bang cho mé hinh hon.
2.4.2. Quad trinh vdn hanh
2.4.2.1. Giai doan cay thich nghi

Thyc vat duoc dung trong nghién ctru 1a nhitng cay khée manh, ré khoang 7- 11
cm va thin cay khoang 40- 45 cm (ddi véi cay vettiver va cdy thuy trac), khoang 80
cm (ddi véi cay thién diéu), cac cdy duoc trong on dinh trén cac thung thi nghiém
trong hai tudn. Sau hai tuan dudng, cay dugc thich nghi véi moéi truong nudce thai &
ndng d6 pha lodng ting dan trong ngdy véi mdi ndong do luu trong 3 ngdy. Giai doan
nay giup cay va VSV thich tung t6t voi nudc thai, han ché séc do sy thay d6i nong do.
Cac muc néng d6 nudc thai ho Boi Co phuc vu cho thi nghiém khdo sat ngudng chiu
dung cua thyc vat dao dong tir 25% - 100%, ngoai ra giai doan nay giup cay thich tng
t6t v&i nudce thai sinh hoat hd Poi Co, han ché sbc do sy thay doi ndng d6. Quan sét va
ghi nhan céc chi tiéu sinh truéng, cac biéu hién cta cidy moi trudng bi 6 nhiém, sb cay
chét. Tr 46 xac dinh dugc ngudng chiu dung ctia md hinh Wetland.
2.4.2.2. Giai doan thi nghiém

Sau khi mo6 hinh Wetland da thich nghi, nudc thai dugc bom va toan hoan lién
tuc dé danh gia kha nang xir Iy cia mé hinh & cac thoi gian luu nude khac nhau.

Cdc chi tiéu va thong so van hanh

- Luu lugng nude 3L/1 ngay

- Thoi gian luu nude 1a 10 gio, 20 gio, 30 gio

- Cac thong s6 khao sat ctia nudc dau vao va dau ra ciia moé hinh bao gom: pH,

COD, BODS5, TDS, NH4,PO4.

- Thoi gian 1y mau dau ra phan tich dénh gia: 3 dot

Dot 1: vao ngay 06/06/2020

Dot 2: vao ngay 08/06/2020

Dot 3: vao ngay 09/06/2020
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CHUONG I11: KET QUA NGHIEN CUU VA THAO LUAN
3.1. Khdo sat giai doan thich nghi ctia thuc vat

Sy ting trudng cua thuc vat trong mé hinh bii loc trong cdy c6 anh hudng 16n
dén hé thdng xtr Iy nude thai, boi vi cAy phat trién nhanh sé& 1iy nhiéu chat dinh dudng
trong nude thai. Pong thoi bo ré cdy dai, tét cling tao nén mang bam dinh sinh hoc cho
vi sinh vat phat trién dan dén hiéu qua xtr 1y nuée thai cang cao. Ca ba loai thuc vt
dugc thi nghiém trong nghién ctru nay (co vetiver, thién diéu, thay trac) sinh truéng
tbt trong cac bai loc trong ciy va phat trién t6t ma khong c6 biéu hién 1a thiéu co chat
hay nhiém doc t6. Diéu nay chimg t6 rang cac loai thyc vat co thé hap thu hiéu qua céc
chét dinh dudng dé gia ting khdi luong, sir dung chét hitu co trong nude thai cho sinh
truong tao ra 16p tham thyc vat ting canh quan méi truong.Dé tai da tién hanh chay
thich nghi cho cdc mé hinh xur Iy theo 3 giai doan.

Giai doan 1: Sau khi 3 loai thuc vat duoc trong vao 3 mé hinh xu 1y (ngay
17/3/2020), cac md hinh dugc tudi bang nude may trong vong 1 tuan dé duy tri kha
ning séng cho cdy. Véi luu lugng 3L mdi ngdy, budi sang tudi vao khoang 1,5L va
chiéu 13 1,5L bang phuong phap tudi thii cong va chua ni may bom.

Giai doan 2: ngay 24/3/2020, 3 mé hinh xir 1y dugc tudi bang nudc thai sinh
hoat hd Poi C6 véi ty 1é pha loang 1a 1/3 va duy tri kha nang thich nghi cho cay trong
vong 3 tudn. Luu lwong mdi 1an tuéi cling 13 3L,gdm 1L nudc thai va 2L nudc
may. Tudi budi sang 1,5 L va budi chiéu 1,5L, va van tudi thu cong chua sir dung may
bom tuin hoan. Sau 3 tuan thich nghi v&i nudc thai pha lodng, ty 1& sinh trudong va
phét trién cua cAy van rat tot, 1a cdy van xanh, cdy cao hon, khong cdy nao cé biéu
hién x4u.

Giai doan 3: Tir ngdy tht 30 ké tir khi trdng cdy, (ngdy 30/04/2020), cac md
hinh duoc twéi v6i nude thai hd Doi C6 véi ndng do 100% trong thoi gian 30 ngay
(dén ngay 30/05/2020).Trong sudt giai doan ndy, ca 3 mo hinh déu thich nghi tot voi
nong do nude thai 100% cac cay déu cé biéu hién sinh truéng va phat trién tét, than va
14 dai ra, co vetiver dd moc 1én day dac, che bong Ién nhau va ti I¢ tang truong da
chitng lai khi so sanh véi lic bat dau thi nghiém, mat do cay bét day hon. Nguoc lai,
ciy thiy tric véi tée do phat trién cham hon van con rat nhiéu khoang tréng giitaa cac
cdy khi thi nghiém két thuc. Riéng cy thién diéu d trd hoa trong qua trinh chay thich
nghi. Dudi day 1a mot sé hinh anh mo hinh thi nghiém ¢ giai doan tudi nudc thai
100%.
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Hinh 16: Cay vettiver khi tuwéi 100% nudc thai

-

Hinh 17: Cady thién diéu khi tuéi 100% miede thdi
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Hinh 18: Cdy thuy tric khi tuwéi 100% nudc thai

3.1.1. Chiéu cao va toc do ting truwong chiéu cao cuia cdy

Bang 1: Chiéu cao va toc do tang truong chiéu cao cua cay

Chiéu cao va toc do tang

. Co vetiver | Ciy thién diéu | Ciy thiiy tric
truwéong chieéu cao cia cay
Giai doan 1 42 cm 50 cm 40 cm
Giai doan 2 47 cm 53 cm 42 cm
Giai doan 3 52.cm 56 cm 45 cm

3.1.2. 86 chéi ciia cdy qua cdc giai doan thi nghiém

Badng 2: 86 chéi ciia cdy qua cdc giai doan thi nghiém

S6 chdi ciia ciy qua cac g A
. Cé vetiver | Cay thién dieu | Cay thiy tric
giai doan
Giai doan 1 4 choi 2 choi 13 choi
Giai doan 2 6 choi 2 choi 15¢hoi
Giai doan 3 8 choi 2 choi 18 choi

3.2. Kha nang xir ly nwée thii cia mo hinh

Sau khi cho céc loai thuc vat thich nghi véi moéi truong nudc thai, dé tai tién
hanh dau n6i bom dinh luong vao cdc md hinh dé€ tuan hoan nudc vé bé va danh gia

hiéu qua xtr Iy & cac thoi gian luu khac nhau. Khi st dung bom dinh lugng, s€ dinh

luong dugc luu lugng nude thai can bom vao céc binh.
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Trude khi danh gid hi€u qua xur Iy cta thi nghi€ém, cdc mo hinh dugc chay thich

nghi thém 30 gid dé 6n dinh hoat dong cua bom va cho cay thich nghi vé6i diéu kién

moi.

Sau khi thich nghi, tién hanh 1dy mau va danh gia hiéu qua xir Iy & cac khoang

thot gian luu khac nhau 1a 30 gio, 20 gio va 10 gio.

3.2.1. Tinh chit nwéc thdi ciia hé Pdi C6 dwoc thé hién nhw bing dwdi ddy:

Badng 3: Tinh chat nude thai dau vao cia hé Déi C6

QCVN QCVN
Chi titu | Ponvi | Két qua | 14:2008/BNTMT | 14:2008/BNTMT
Loai A Loai B
pH 7.62 5-9 5-9
COD mg/L 250
BOD mg/L 112.5 30 50
PO, -P | mg/L 9 6 10
NH,*-N mg/L 48 5 10
TDS mg/L 208 500 1000

Nhéan Xét: So véi QCVN 14:2008/BTNMT thi nuéc thai tai ho khong thé xa
thai tryc tiép ra ngoai mdi trudng, vi mot sd chi tiéu vuot qua quy chuan so voi loai A
va loai B nhu BOD, PO,*-P, NH,"-N

3.2.2. Gia tri pH

Badng 4: Két qua do pH ciia mede thdi da qua mé hinh bdi loc trong cdy va mé hinh doi

chitng
pH dau vao | Thoi gian lwu | Thién Piéu | Thiy Trac | Vettiver | P6i Ching
30h 7.6 7.6 7.4 6.6
7.6 20h 75 7.4 75 6.6
10h 7.3 7.3 7.3 6.8
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» Gia tri pH
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Hinh 19: Gia tri pH cua cdac mé hinh sau thoi gian @) 30h, b) 20h, ¢) 10h

Két qua do dac ¢ hinh 19 (a,b,c) cho thay pH cta nude thai sau khi qua cac md
hinh béi loc trong cdy va mo hinh dbi ching giam nhung khong dang ké ¢ cac thoi
gian luu tir 30 gio dén 10 gio. Gia tri pH dao dong tir 6.6 - 7.6 va déu nam trong

ngudng cho phép cia QCVN 14:2008/BTNMT.
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3.2.3. Kha nang xw ly COD
Bdng 5: Két qud phdn tich COD ciia nude thdi da qua mé hinh bdi loc trong cdy va

mé hinh doi chirmg

COD dau vao | Thoi gian Iuu | Thién Diéu (mg/l) | Thuy Tric | Vettiver | D6i Chimg
(mg/l) | (mg/l) (mg/l)

30h 64 64 64 128
250 (mg/l) 20h 96 96 32 96
10h 96 64 64 96

Két qua phan tich cho thay céac bii loc trong cdy cho hiéu qua xtr Iy COD kha
cao, tir 61,6 % dén 87,2% (hinh 21.b,d,f) d6i vai bii loc. Hiéu suét xir Iy cao nhat ¢ co
vetiver trong thoi gian luu 20h 1a 87,2%, con ddi véi cac bii loc tr@)ng cay khac, hiéu
suit xir Iy dat duoc thap hon, dao dong tir 61,6% dén 74,4%. Pdi véi mo hinh ddi
chtng hiéu suét xir 1y 1a 48 — 61%. Nguyén nhan dé giai thich cho két qua xir Iy COD
cao & cac bii loc trong cay 1a khi co thyc vat sé 1am ting hiéu suat xur 1y cua chét hitu
co nhd vao cdc mang sinh vat hinh thanh trén ré cay do vi sinh vat, & mo hinh dbi
ching do khong c6 thuc vat khong sinh ra dugc mang sinh vat nén kha nang xu ly
COD khéng cao. Két qua di ching minh rang co Vetiver cho hiéu qua xir Iy TDS la

cao nhét va trong thoi gian luu 13 20 gid.
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Hinh 20 (a,b). Khd nang xir [y COD cua cdc mé hinh sau 30h; (c,d: Kha nang xur Iy
COD cua cdc mé hinh sau 20h; (e,f): Kha nang xir [y COD cua cdc md hinh sau 10h.
3.2.4. Khad nang xw ly BOD
Bang 6: Két qua phan tich BOD ciia nuée thai da qua mé hinh béi loc trong cdy

BOD | Thoigian | Thién Piéu | Thay Tric | Vettiver
diu vao lru (mg/l) (mg/1) (mg/1)
112.5 30h 66 64 9.5
(mg/1) 20h 775 74.5 11.5
10h 31.5 72.5 31.5

Két qua phan tich BOD diu ra ctia mu nudc sau khi qua bai loc tréng ciy cho

thiy hiéu qua xtr Iy BOD cao khi ndng d¢6 BOD giam tir 112.5 mg/L xudng murc thip

nhit 12 9,5 mg/L. Hiéu qua xu Iy BOD cua bii loc trong cay co Vetiver dat gia tri cao

nhat 12 91,1% & thoi gian luu 30 gid, va sau d6 hi¢u suat xir Iy giam dan khi & khoang
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thoi gian luu 14 20h, va 10h. M6 hinh béi loc trong ciy thién diéu dat hiéu suét xir Iy
BOD tir 31,11% dén 91,1% qua c4c khoang thoi gian Iuu khac nhau. Trong md hinh
c6 thue vat, chat hitu co dugc cdy va hé vi sinh vat quanh ré cay hép thu, chuyén hoa
sinh hoc thanh sinh khéi ctia cay nén hiéu qua xu 1y cao. Cac vi sinh vt bam vao ré
cling gia tang kha niang xir 1y cac chat hiru co (BOD). Bén canh d,cac vi sinh vat bam
trén 16p vat lidu loc tao nén mot 16p mang loc sinh hoc dan dén hiéu qua xu ly BOD
gia tang. Két qua thi nghiém cho thdy, co Vettiver c6 bo r& nhidu vai dai cho hiéu qua
xtr Iy BOD cao nhat (91,1%).
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Hinh 21 (a,b): Khd nang xit [y BOD ciia cac m6 hinh sau 30h; (c,d): Khd nang xur Iy
BOD ciia cac mé hinh sau 20h; (e,f): Kha nang xu Iy BOD cua cac mé hinh sau 10h.
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3.2.5. Khd ndng xw ly Amoni

Bdng 7: Két qua phan tich Amoni ciia nuée thdi dd qua mé hinh béi loc trong cdy va

mé hinh doi chirmg

Amoni ddu | Thoigian | Thién Piéu | Thiy Tric Vettiver Poi chirng
vao Iuru mg/L mg/L mg/L mg/L
48 mg/L 30h 18.8 1 2.2 1.8
20h 0.78 0.37 0.62 2
10h 0.4 0.34 0.43 2.2

Piém noi bat cia cac mo hinh bai loc trong cdy trong nghién ctru nay 1a kha
nang xir Iy Amoni cao vuot tréi. Ca 3 mo hinh bai loc trong cdy déu cho hiéu qua xir
Iy Amoni trén 95% & cac thoi gian lwu khac nhau, ngoai trir bai loc trong cay thién
diéu chi dat 60,83% ¢ thoi gian luu 30h. Piéu dic biét 1a hidu qua xtr Iy Amoni cao
nhat ctia ca ba mo hinh déu ¢ thoi gian Iuu ngan (10 gid), theo d6 bai loc trong cay
thuy trac dat hiéu sut xir Iy 1a 99,29%, bai loc trong cdy thién diéu dat 99,17% va bai
loc tréng cay co Vetiver dat 99,1%.

Diéu nay cho thy tiém ning sir dung Wetland dé xtr 1y chat dinh dudng trong
moi truong nude thai 13 rat cao va thoi gian luu nude ciing anh hudng dén hiéu suat
phan huy cac hop chat Nito trong chu trinh N. Céc ion nitrate va nitrite trong chu trinh
Nito s& duoc khuéch tan dén cac ré cdy sau d6 sé dé dung lam chét dinh dudng nudi

cay.
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Hinh 22 (a,b): Kha nang xir [y NHy-N ciia cac mo hinh sau 30h; (c,d): Khad nang xur Iy
NHy-N ciia cac mo6 hinh sau 20h; (e,f): Khad nang xiur Iy NH,-N cua cdc mo hinh sau
10h

Véi co ché loc va két hop véi phan hity nhd bam trén ré cay va 16p vat liéu loc
thi ham lugng nito trong nudc thai sé¢ giam di. Pay chinh 1a wu diém cia hé thong
Wetland v6i md hinh dong chay ding va tuan hoan giup ting kha ning chuyén hoa
NH, thanh N,. Ngoai ra, kha nang hap thu dinh dudng cua thuc vat cling 1am ting hiéu

qua xu ly loai bé nito.
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3.2.6. Kha nang xw ly photphat

Bdng 8: Két quda phdan tich photphat ciia nuéc thai di qua mé hinh bdi loc trong cdy

va md hinh déi chirng

Photphat | Thoigian | Thién Piéu | Thiy Tric | Vettiver | Ddi chirng
diu vao luu mg/L mg/L mg/L mg/L
9 mg/L 30h 0.90 0.20 0.70 1.17
20h 1.30 1.10 5 1.13
10h 3.91 0.60 2.10 2.90

> Két qua phan tich cho thay hiéu qua xir 1y photphat ctia 3 mé hinh bai loc
trong cdy dat twong ddi cao. Trong do6, hiéu qua xir Iy cao nhat 13 bii loc trong ciy
thuy trtc, hi€u qua xt 1y twong g vai thoi gian luu 30h, 20h va 10h 1a 97,78%, 87%
va 93,3%. Tiép theo sau d6 13 mé hinh bai loc trdng cdy co Vetiver véi hiéu suat xtr Iy
photphat cao nhit dat 92,2% ¢ thoi gian luu 30h. Va sau cing 13 mé hinh bi loc trong
cay thién diéu v6i hiéu suat dat 90% o thoi gian luu 30h. O mé hinh d6i ching hiéu
suat xur 1y dat gia tri thap hon, trong khoang tir 87 — 90%. Piéu nay chiing minh rang
Khi ¢ thuc vat thi hiéu qua xir Iy P cao hon nhd bo ré ciy tao thanh 16p mang hit chat
dinh duéng va bam dinh cho vi sinh vat phat trién. Dong thoi hiéu suat xir Iy phdt pho
phu thudc vao thoi gian luu nudce trong moé hinh, véi thot gian luu nude 20 h cd 3 mo
hinh béi loc trong cay cho hiéu suét xir 1y cao.

> Két luan vé viéc lra chon mé hinh bdi loc trong cay toi wu:

Két qua xtr 1y cho thay hiéu suat xir 1y ctia moé hinh béi loc trong cay thién
diéu, cay thay trac va cdy Vetiver cao hon md hinh loc ddi chimg (khong c6 cay).
Nhom nghién ctru Iyra chon mé hinh bii loc trong ciy cé Vetiver dé dé xuat ung dung
cho xtr Iy nudc thai hd Poi Co. Boi vi hiéu suat xtr Iy cia mo hinh bai loc trong cdy cd
Vetiver ¢ hau hét cac thong sé déu cao nhat (trir PO, — P), hon nita cay co Vetiver c6
bo ré dai va phat trién rat tét nén s& gitp cho hiéu qua xtr ly nudc thai 6n dinh. Thoi
gian luu nudce dugce chon 1a 20 h dé dat hiéu suat xir 1y cao va giam chi phi dau tu xdy

dung mo hinh.
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Bang 9: So sanh chat heong miede dau ra sau khi qua mé hinh béi loc trong cdy
Vettiver va QCVN 14:2008 (Cot A)

Chat luong nudc dau ra sau khi | QCVN 14:2008(Cot A)
qua md hinh bai loc trong cdy
Vettiver
pH 7.4 5-9
coD 32 -
BODs 11.5 30
TDS 115 500
NH,*-N 0.62 5
PO,>-P 0.50 6

3.2.7. Tinh toan, thiét ké bai loc trong cdy véi mé hinh téi wu
> Thiét ké md hinh bii loc trong ciy cé Vetiver hwéng téi ing dung thue

te

HO DOI CO

Hinh 23: M hinh thuc té tai Ho Péi Cé
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Hinh 24: M6 hinh dé xudt thiét ké cho xit Iy nwéc thai hé Béi C6

> Tinh toan mé hinh bdi loc thuec té

Déi voi ho Poi Co, nhom co dé xuat thiét ké xay dung cong trinh (mg dung bai
loc trong cay co Vetiver dé xur Iy nudc thai sinh hoat tai hd.

Dién tich ctia hd duoc tinh bang cong thire: S=n.R?

V6i dién tich ctia hd 1a khoang 5000 m?

Bén kinh cta hd 1a: R =40 m

Vanh dai ciia hd dé tai du kién xay dung v6i duong kinh 5m, vay dudng kinh
con lai ciia ho 1a 75m.

Suy ra dién tich con lai ctia ho 1a:

S =m.35,5% = 4400 m?

Viy dién tich con lai dé xay dung vanh dai lam bai loc trong cdy cho hd Ia:

5000 — 4400= 600 m?

Xay dyng mot vanh dai bao quanh hd véi bii loc trong cay co Vetiver. Dién
tich ctia vanh dai dugc thiét ké 1a 600 m?.

Theo tai liéu nghién ctru cia V& Thi Diéu Hién va cong su [4], toc d tai trong
thuy luc HLR (Hydraulic loading rate) niam trong khoang gia tri tir 247 — 403
m>/ha.ngay. D& tai chon gia trj trung binh HLR = 300 m*ha.ngay = 30 L/m?.ngay. Do
vdy, v6i vanh dai 600 m? s& xtr Iy dugce 18000 L nude thai trong mot ngay.

Pé xur 1y nhanh va hiéu quéa st dung may bom tudi truc tiép nudc thai 1én trén

vanh dai, ca nudc thai trong hd va tir cac hd dan xung quanh. Trén vanh dai 1a cac cay
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thuc vat ma nhom da duoc tréng va bén dudi 1a cac 16p vat liéu loc, bao g@)m soO1, cat,
than, va 16p dat dé trong cdy. Bén duéi 16p vat liéu chinh 1a khu vuc thu gom nudc
dau ra qua qué trinh xtr Iy va s& duoc dua sang mot bé chira dé dugc tudn hoan xu 1y
thém 1an nita. Sau cac qué trinh xir Iy nudc cudi cing s& duge bom dwa sang H6 Xuan
Huong.
3.3. Két luén va kién nghi
3.3.1. Két lugn

Két qua nghién ctru cua dé tai di cho thiy hiéu qua xur 1y cta cac mo hinh béi
loc trong cdy thuy tric, thién diéu va cé Vetiver d6i véi nude thai sinh hoat ho Doi C6.
Ca ba mé hinh bii loc trong ciy déu phat trién t6t trong méi trudng nude thai, dic biét
1a cay co vetiver va cay thuy tric, toc do phat trién tét hon cay thién diéu. Két qua cho
thdy mo hinh bai loc trong cay cé Vetiver dat hiéu qua xir 1y cao hon so véi hai mo
hinh con lai, cu thé, hiéu qua xir ly TDS, COD, BOD, NH,*-N va PO43' P dat cac gia
tri cao nhat twong ung 1a 44,71%, 87,2%, 84,77%, 99,1% va 92,2%. Bén canh do, d¢
tai cling da tinh toan va dé xuét thiét ké mo hinh béi loc tréng ciy co Vetiver cho hd
boi Co.
3.3.2. Kién nghi

Vi thoi gian thuc hién dé tai ngan nén nhom nghién ciru dé xuét trong tuong lai
nén c6 nhimg nghién ctru sdu hon dé danh gia thém nhiing loai thuc vat c6 kha ning
xtr 1y nuée thai va danh gia cac thong sé con lai dé so sanh véi QCVN 14:2008- Quy
chuan nudc thai sinh hoat.

Ngoai ra, cAn c6 nhiing tinh toan va thiét ké mo hinh cy thé hon dé ting kha
nang tng dung bii loc trong cdy cho xtr Iy nudc thai ho Poi Co.

Nhom nghién ctru dé& xuét wu tién lwa chon phwong phap xtr 1y bang bai loc
tré)ng cay ddi cac hd chira nude thai tai Pa Lat, vira hiéu qua vura than thién voi moi

truong.
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