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SUMMARY

INVESTIGATION OF THE HEAVY METAL ADSORPTION ABILITY (Cd, Pb)
OF PECTIN EXTRACTED FROM SEAGRASS ENHALUS ACOROIDES

This study aims to investigate the factors affecting the adsorption process of Pb(I1) and Cd(lIl) ions on pectin
prepared from seagrass Enhalus acoroides. These factors include pH (2.0-8.0), the degree of esterification
(DE), and the initial concentration of the adsorbate. The results show that the optimum adsorption pH was 5-
7, and the adsorption ability of pectin increased with decreasing DE value. The adsorption of Cd(Il) and
Pb(11) onto seagrass pectin followed the Langmuir isotherm model. The maximum adsorption capacities of
Pb(ll) and Cd(Il) onto pectin, calculated using the Langmuir equation, were 119.04 and 59.88 mg/g,
respectively. These results suggest that seagrass pectin could be used to develop water treatment systems for
removing heavy metals from contaminated water. Further research could focus on optimizing adsorption
conditions, scaling up to pilot scale, and eventually applying this technology on an industrial scale.
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1. PAT VAN DE

Pectin 12 mot trong 03 polysaccharide tu
nhién chil yéu cia thanh té bao thyc vat
va thuéc v& nhom cac acidic
heteropolysaccharide. Pectin dugc tao nén
boi cac gbc D-galacturonic axit lién két
v6i nhau théng qua lién két a(l—4)-,
mach nhanh c6 thé duoc tao thanh bai cac
géc duong khac thong qua lién két
a(1—2)- voi gbe galacturonic axit nhu:

arabinose, galactose, rhamnose,
galactopyranse, arabinofuranose,
fucopyranose, apiose,... [1, 2]. Pectin

duoc biét dén nhu 1a chét tao gel, lam day
va chat 6n dinh cling nhu chat nhii hoa.

Trong nhitng nim gan day, cac nha khoa
hoc da phat hién ra pectin tir co bi€n co
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kha ning lién két voi cac cation hoa tri 2
nhu Ca, Cd, Pb nho dic trung ciu trac
chinh ctua pectin 1a sg c6 mat géc
galacturonic axit tao lién két v6i kim loai
theo mo hinh “hdp trimg” [3]. Két qua
nay mo ra kha nang st dung pectin tir o
bién nhu mot chat hip phu nhim loai bo
cac kim loai nang khdi mdi truong va co
thé con nguoi.

Tai Viét Nam c6 ngudn cé bién phong
phu, hién ghi nhan dugc khoang 14 loai
c6 bién tai Viét Nam (Cymodocea
rotundata, Cymodocea serrulata, Enhalus
acoroides, Halodule pinifolia, Halodule
uninervis, Halophila beccarii, Halophila
decipiens, Halophila nho, Halophila
ovalis, Ruppia maritima, Syringodium
isoetifolium, Thalassia ~ hemprichii,
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Ciliatum thalassodendron va Zostera
japonica). Tuy nhién cac nghién ctru vé
pectin tir co blen khoéng nhiéu, dang chi y y
c6 cong bd vé ciu trac pectin tir co bién
Enhalus acoroides cua chang toi vé hoat
tinh sinh hoc va kha nang tao hat nano véi
chitosan [4]. B¢ dinh hudng cho viéc khai
thac va str dung ngudn pectin tir loai cd
bién nay, trong bai bio nay, chung toi
nghién ctru kha ning hap phu kim loai
ning (Cd va Pb) cua pectin tir c6 bién
Enhalus acoroides.

2. PHUONG PHAP NGHIEN CUU
2.1. MAu ¢6 bién

Co bién cé bién Enhalus acoroides thu
hoach tai dam Thuy Triéu, huyén Cam
Lam, tinh Khanh Hoa, vao thang 3 nam
2021, miu co bién dugc ra sach bang
nudc bién trudéc khi dwa vé phong thi
nghiém va dugc phan loai bai Nguyén
Xuén Vy la chuyén gia phan loai co bién
cua Vién Hai Duong hoc. Mau sau khi thu
vé duoc ngam trong con 96 % tai nhiét do
phong trong 7 ngay dé loai bo chat mau
va chat c6 khéi luong phan tur thap tan
trong cdn. Sau do, co bién dugc loc tach
khoi dich chiét 06n va phoi kho trong
bong mat, dem cat nho kich thudc 1-2mm
dung cho nghién cuu.

2.2. Chiét xuit pectin tir cé bién

Chiét tach pectin tir co bién E. acoroides
theo phuong phap dugc MmO ta boi
Youjing va cong su [3]. Cac mau pectin
cd muc do ester hoa khac nhau (42% va
21%) dugc diéu ché bang phuong phép
khur ester theo mo ta boi Khotimchenko
va cong su [5].

2.3. X4ac dinh mdt s6 thanh phan héa
hoc chinh

Phuong phép xac dinh ham lugng axit
uronic: Ham luong axit uronic dugc Xac
dinh sir dung phuong phap Carbazole, sur
dung axit D-gluconic lam chét chuan [6].
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Phuong phap xéac dinh céc chi sé dic trung
cua pectin: _Trong lugng tuong duong duoc
su dung dé tinh ham luong AUA tong va
chi s6 ester hoa, duoc xac dinh theo
phuong phap chuén do axit-bazo, str dung
phenolphtalein 1am chat chi thi mau [5].
Ham lugng Methoxyl (MI) duoc thuc hién
theo cong b6 caa Pham Dtrc Thinh va cong
su [7]. Tur @6 tinh duoc tong s6 ham luong
anhydrouronic axit AUA cua pectin thu
duoc [7]. Ham lugng ester hoa (DE) cua
pectin dugc tinh dua trén co s¢ ham lugng
methoxyl va AUA [7].

2.4. Xac dinh kha ning hip thu kim
loai cua pectin

Kha nang hip phu kim loai cua pectin
dugc tinh toan theo phuong trinh sau [5]:
_V(Co—Ce)
B m
Trong d6: Q la dung lwgng hap phu ion
kim loai cua pectin, mg/g; V la tong the
tich dung dich phan tng, mL; Co la nong
d6 ion kim loai ban dau, mg/ml, Co (Cd):
2 mg/ml; Co (Pb): 2 mg/ml; Ce Ia nong
do ion kim loai con lai sau khi bi hap phu
boi pectin, mg/ml; m 1a khoi lwong cua
pectin tham gia phan ng (g).

Ham Iuong ion kim loai dugc xéc dinh bing
phuong phap quang pho hap thu nguyén tir
(AAS) trén may Shimadzu AA-6800.

2.5. Anh hwéng mdt s6 yéu té dén kha
nang lién két véi kim loai héa tri 1l
(Cd, Pb) caa pectin

Déanh gia sy anh hudéng ctia moi truong
pH: Dé danh gia anh huong cua moi
truong pH, tt ca cac yéu to nhu nong do
ban dau cuia cac dung dich nghién ctu (Co:
2mg/ml), thé tich dung dich (V = 40+50
ml), khéi lugng chat hap phy (m = 0,05 g)
duoc giit ¢é dinh; cac gia tri pH cua dung
dich thay d6i trong khoang 2+9 [5].

Anh huong micc d6 ester hda (DE) cua
pectin: 03 loai pectin c6 cac muc do ester



hoa khéc nhau gom pectin ty nhién c6 DE
60,1% va pectin dugc chuyén héa co gia
tri DE 42,0% va DE 21,0% dugc st dung
dé danh gia anh huong cta mic do ester
hoa t6i kha nang hap phu 02 ion kim loai
Cd(ll), Pb(I1) cta pectin trong cung diéu
kién pH.

Anh huong cia nong do ban dau cia chat
bi hip phu: dé nghién cau anh huong
nong d6 ban dau chat bi hap phu, cac yeu
t6 pH cua dung dich chit bi hap phu, thé
tich dung dich hap phu (V = 50 ml), khéi
lugng chat hap phu (m = 0,02 g) duoc gitr
c¢b dinh va thay d6i ndng do ban dau chat
bi hap hap phu Co = 10 + 100 mg/I.

2.5. Phuong phap tinh toan dong hoc
hap phu

Phuong trinh Langmuir dugc st dung dé
xéc dinh dung luong hap phu cuc dai va
moi tuong quan gilta qua trinh hap phu va
giai hap phu thong qua hing s Langmuir
KL, su phu hop cia mo hinhv vo1 thuc
ngl,lién,l, do vay day la co s¢ Qé Iva chon
chat hap phu thich hgp cho hé hap phu [8].
Trong nghién ctu nay, qua trinh hap phu
ion Pb (II) va Cd (I1) cua pectin dugc xac
dinh theo mé hinh hap phu dang nhiét
tuyén tinh Langmuir [5] theo cong thic:
K, C
Tmax 77k, C
Trong do, gmax: dung luong hap phu cuc
dai (mg/g); K.: hé so Langmuir (L/mg).

q=

Mbi tuong quan cua Ry va dang md hinh
thuc nghiém: R > 1, Khéng phu hop; RL
= 1, tuyén tinh, 0 < RL < 1, phi hop; RL
= 0, Khdng thuan nghich.

3. KET QUA VA THAO LUAN

3.1. Pic diém hoéa hoc ciia petin chiét tir
¢6 bién Enhalus acoroides

Pectin tu nhién duoc chiét xuit tir ¢o bién
E. Acoroides (P-Ea), ham luong pectin
thu nhan duogc 1a 12,5%. Két qua nay cho
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thdy, ham luong pectin trong c6 bién E.
acoroides sinh truong tai Khanh Hoa cao
hon chut it so v&i ham lugng pectin ¢
trong mot sd loai co bién khac trén thé
giéi did dugc cong bd nhu: co Zostera
caespitosa Miki (10,8%) [9]; Zostera
marina (10-11%), Zostera pacifica (12%)
[10], va cao hon déng ké so véi ham luong
pectin tir co Phyllospadix iwatensis (6,91%)
[11]. Su khac biét nay dugc giai thich boi
ham lugng pectin phu thudc vao loai, thoi
diém thu hoach, diéu kién maéi truong sdng
va k¥ thuat chiét tach [3, 9, 10].

Cac diac trung hoa ly quan trong cua
pectin (P-Ea) da duoc xac dinh véi két
qua nhu sau: ham luong anhydrouronic
axit (AUA) 1a 45%, cho thay su hién dién
dang ké cua cac nhom uronic axit, co vai
trd quan trong trong tinh chat hap phu va
kha ndng tao gel cia pectin. Ty I¢ ester
hoa (DE) cua pectin dat 60,1%, anh
huong tryc tiép dén kha ning tao gel va
hap phu kim loai ning cia pectin, véi
muc do ester hoa cao thuong lién quan
dén kha ning tao gel t6t hon va kha ning
tan kém hon pectin c6 muc do ester hoa
thiap. Ham lugng nhém methoxyl (MI)
ctia pectin 12 7,3% day 1a chi s6 quan
trong lién quan dén tinh chat hap phu va
kha ning tao gel. Pectin c6 chi s
methoxyl thap (MI<7) tao gel tt nhd cac
lién két hydro, trong khi pectin c6 chi s6
methoxyl cao (MI>7) tao gel tot khi co
mit cua cac inon kim loai. Khdi luong
tuong duong (EW) cua pectin dugc xac
dinh 13 2678,0 g/mol, 1a thong s6 dénh gia
ham luong gdc uronic axit ty do cua
pectin. Pic trung hoa 1y cta pectin quyét
dinh kha nang g dung cuia pectin.

P-Ea c6 DE 1a 60,1 dugc sir dung dé diéu
ché cac mau pectin c6 mac do ester la
42% va 21% bang phuong phép khir ester
duogc mé ta baoi Khotimchenko va cong su
[5], cac mau pecin P-Ea va 02 mau pectin
khit nhom ester duoc st dung cho cac
nghién cuu tiép theo.



3.2. Panh gia kha ning hip phu Kim
loai Cd (I) va Pb (Il) ciia cac mau
pectin

3.2.1. Anh huong cia pH

Theo cac nghién ctru trudc day, pH cua
dung dich pectin ¢6 anh huéng dén kha
ning lién két ion kim loai hoa tri hai cia
pectin [5]. pH can cao hon it nhit mot don
vi log trén pKa cia pectin (2,8 - 4,1) dé
dam bao hon 50% nhom cacboxyl phan
ly, do d6 mat d¢ dién tich ctua pectin du
dé hinh thanh céc lién két chéo ion [12].
Do pH thap hon gia tri ndy s& dan dén sy
proton hoa cic gdc galacturonic axit
khong methyl hoa, dan dén giam kha ning
lién két.

Theo Khotimchenko va cong sy [13] tai
cac gia tri pH thdp hon 2, pectin thuong
két tha, do d6 1am giam kha nang lién két.
Tai cac gid tri pH cao hon 9, céc
polysaccharide nhu pectin tr¢ nén khong
on dinh vi dy, do qué trinh khur phan giai
[14], giai thich kha ning lién két giam.
Ngoai ra, & cac gia tri pH rat cao (~12)
cac hydrocid cia cation ¢ thé dugc hinh
thanh, ching han nhu Pb(OH),””. Céc
hydrocomplexes nay dugc dac trung bdi
ban kinh ngdm nudc 16n hon va khé phan
ly hon, din dén tuwong tic han ché véi
pectin [13]. Tu nhling nghién ctu trén
trong pham vi nghién ctru nay, ching t0i
chi khao sat moi truong pH 2,0-9,0.

Két qua khao sat anh hudng cia pH dén
kha nang hap phu kim loai Cd (II) va Pb
(I) ciia cac méiu pectin cé bién véi cac
chi s6 DE khac nhau dugc thé hién &
hinh 1. Két qua & hinh 1 cho thay khi
tang pH cua dung dich tir 2 dén 9 thi gia
tri Q ting dan va dat gi4 tri cao trong
ving pH tir 4 dén 7 va sau d6 giam dan.
Tai pH nho hon 2 thuan lgi cho cac
proton H* tin cong vao vi tri caboxyl
trong phéan tu pectin lam giam hoat dong
lien két giira carboxyl va ion kim loai,
hon nita tai pH nay dan dén taa pectin
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duéi dang axit. Khi pH cao, pectin s¢
khong 6n dinh trong méi truong kiém
[15], pH hip phu téi wu 1a 5-7. Két qua
ndy twong ty nhu cic céng bd cua
Celusva cong su khi nghién cau kha
ning hap phu ion kim loai zZn (I1) [16].
Chung t6i chon pH 6 cho nhitng nghién
ctiu tiép theo.

A

200.00
180.00

Q (mg'e)
g

w

almg/e
g
|
]
|
|

0.00 ¢

pH

—&— M3u Pectin ty nhién Pectin (DE 42 %) Pectin (DE 21,0 %)

Hinh 1. Anh hong ciia pH dén dung heong hap
phu Pb (11) (A) va Cd(Il) (B) cua pectin (Q)

3.2.2. Anh hudng ciia mirc do ester héa
(DE)

Két qua khao sat anh huong DE dén kha
nang hap phu Pb (I1) va Cd (1) duoc thé
hién & hinh 2. Két qua cho thiy kha ning
hap phu ion Pb (Il) va ion Cd (Il) cua
pectin ting khi pectin c6 tri s6 DE giam.
Vi ion Pb (I1) tai pH 6, dung ham luong
ion Pb (1) lién két voi pectin tang tir 119
mg/g dén 179,06 mg/g khi chi s6 DE
giam tir 61,0 % dén 21,0 %. Tai cAc gié tri
pH 4 va pH 5 sy bién dbi ciing thay doi
tuong tu. Vai ion Cd (I1) tai pH6, ham
luong ion Pb (11) lién két véi pectin ting
tir 50 mg/g dén 72,5 mgl/g khi chi s DE
giam tr 61,0 % dén 21,0 %. Ham luong
ion kim loai lién két véi pectin thay doi
ham luong DE. Piéu nay duoc giai thich
nhu sau: Pectin loai DE thip c6 mat do
dién tich cao hon do c6 nhiéu hon céc



nhom cacboxyl (cac nhom cacboxyl
khong metyl hoa) hon so véi pectin loai
DE cao, do d6 kha ning lién két cation
cua pectin tang khi DE giam. Nhom tac
gia Sergushchenko va cong su da nghién
clru so sanh danh gia kha niang hap phu
kim loai nang Cd, Pb va Cu cua pectin co
mirc do ester hda thap duoc chiét tach tir
co bién Zostera marina so vai mot sé loai
thudc duoc st dung dé giai hap phu kim
loai nang khoi co thé, két qua cho thay
pectin chi sé ester héa thap lién két véi
cac ion kim loai Pb (1), Cd (11) va Cu (I1)
thap hon so vé&i cac hop chét c6 chua thiol
nhung hi¢u qua hon so véi carbon hoat

tinh, polyphepan, microcrystalline
cellulose, va enterodez [17].
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Hinh 2. Anh hirong cia DE dén dung lwong hdp
phy ion Pb (11) (A) va Cd(Il) cua pectin tgi cac gia
tri pH khac nhau
3.2.3. Anh hwong cua nong dé ban dau Pb

(1) va Cd(11) va md hinh hap phu

Mau pectin P-Ea duoc sir dung dé danh
gi4 anh huéng cia ndng d6 ban dau cua
ion kim loai Pb (11), Cd (II). Két qua chi
ra rang khi néng d6 ban dau cua dung
dich ting, dung luong hap phu caa ion Pb
va Cd cung ting 1én. Tuy nhién, khi nong
d6 Cd 16n hon 625 mg/l va nong do Pb
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I6n hon 1035 mg/I dung lwong hap phu cé
xu hudng tang cham lai (hinh 3, 4).
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Hinh 3. Sw phu thudc cia kha ndng lién két ciia
ion Pb (I1) (Ce/Q) vdi pectin vao nong dg Pb (11)

ban dau (Ce) (A) va duong hap phu dang nhiét

Langmuir cza hé Pb(1l) pectin (B)

Dya vao két qua khao sat kha ning hap
phu céc ion kim loai nang (Cd va Pb) theo
nong do trén pectin va dya trén md hinh
hap phu ding nhiét Langmuir voi cac gia
thuyét sau: Tiéu phan bi hap phu lién két
v6i bé mat tai nhimg trung tim xéac dinh;
mdi trung tdm chi hap phu maot tiéu phan;
bé mat chat hap phu 1a dong nhat, nghia 1a
nang lugng hap phu trén céc trung tam 1a
nhu nhau va khéng phu thuéc vao su c6
mit cua c4c tiéu phan hap phu trén céac
trung tdm Dbén canh. Phuong trinh
Langmuir duoc xay dyung cho hé hip phu
khi ran, nhung ciing c¢6 thé &4p dung cho
hip phu trong méi trudng nudc dé phan
tich cac sb liéu thuc nghiém. Trén co so
phuong trinh hap phu dang nhiét
Langmuir, tai trong hap phu cua céac ion
kim loai Pb (IT) va Cd (II) da dugc xéc
dinh [13].

Két qua & hinh 3A cho thdy Su phu thudc
cua Ce/Q vao Ci dugc mo ta theo phuong



trinh: y = 0,0084x + 1,0409. Vi céc phép
tinh toan ching t6i tinh duoc R = 0,5448.
Nhu vdy, 0 <R < 1, Diéu nay cho thay
qué trinh hap phu Pb (1) c6 kha ning xay
ra hiéu qua.

Két qua & hinh 4 cho thiy, su phu thudc
cua Ce/q vao Ci ddi véi Cd (IT) duoc mod
ta theo phuong trinh: y = 0,0167x +
1,1994. Ching t61 da tinh todn dugc
R.=0,559. Nhu vay, 0 < R_ < 1, Diéu
nay cho thay qué trinh hip phu Pb (1) c6
kha ning xay ra hiéu qua. Két qua xu ly
theo mé hinh hap phy dang nhiét
Langmuir cho cac gia tri thong sb trén
bang 2.
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Hinh 4. Sy phu thudc cua kha ndng lién két ciia
ion Cd‘ (1l) (Ce/Q) voi pectin vd’o nong do Cd (1)
ban dau (Ce) (A) va duong hap phu dang nhiét
Langmuir cua hé Pb(Il) pectin (B)

T cac két qua thu duoc trong bang 2,
nhan thdy cac hé sé twong quan R2 kha
cao cho ca 2 md hinh hap phu dang nhiét
(R2 >0,95); cac gia tri hang s6 K, va tham
s6 R déu nam trong khoang thuan lgi cho
qua trinh hip phu. Do d6 mé hinh hip phu
dang nhiét Langmuir 1a mé hinh thuan loi
dé md ta qua trinh hap phu Pb (II) va Cd
(I) cta pectin. Dung lwgng hap phu cuc
dai Pb (II) va Cd (1) caa pectin tinh theo
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phuong trinh Langmuir & 119,04 va

59,88 mg/g.

Bdng 2. Cdc théng sé trong mé hinh hdp phu ddng
nhiét Langmuir cua pectin

M® hinh Langmuir

lon

kim | Phuong tri’nh

loai | dangtuyén R | Qmax | K_

tinh

Pb | y=0,0084x

() +1,0409 0,9889 | 119,04 | 0,00807
Cd | y=0,0167x

() +1,1994 0,9978 | 59,88 | 0,0126
4. KET LUAN

Pectin tir ¢6 bién E. acoroides di dugc
chiét tach, ham lugng pectin nhan duoc 1a
12,5%. Céc ddc trung hoa 1y cua pectin da
duoc xac dinh véi chi sé6 MI 7,3; DE
60,1%. 02 mau pectin v6i cac gia tri DE
tuong ung 1a 42% va 21% da dugc diéu
ché. Kha nang hap phu kim loai (Pb, Cd)
cua pectin phu thudc vao pH va mirc do
ester hoa, gia tri pH téi wu nam trong
khoang 5-7. Chi s DE thép thi kha ning
hép phu kim loai cia pectin tdng lén. Sy
hap phu cua Cd (I1) va Pb (1I) cua pectln
chiét tir co bién tuan theo mo hinh hip
phu dang nhiét Langmuir. Dung luong
hip phu cuc dai Pb (11) va Cd () cua
pectin tinh theo phuong trinh Langmuir
lan luot 12 119,04 va 59,88 mg/g.
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