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Tém tét Tinh thé hinh que c6 kich thudc nano cia vat liéu hydroxyapatite khuyét canxi (d-HAp) da
dugc tong hop thanh cong bang phuong phap két tia trong dung dich. Cac miu dugc dic trung boi
phuong phap hién vi dién tir truyen qua (TEM), hién vi dién tir quét (SEM), nhidu xa bot tia X (XRD),
huynh quang tia X (XRF), phd hong ngoai bién d6i Fourie (FTIR) Va phan tich nguyén té bang phuong
phap tan xa nang lugng tia X (EDX). Két qua nghién ctru chi ra rang, vat li€u hydroxyapatite khuyet
canxi téng hop duoc 1a don pha, cac hat co kich thudc nano véi chidu rong trong khoang 20-30nm va
chiéu dai trong khoang 200-250nm. Theo két qua phén tich bing phuong phap XRD, hydroxyapatite
khuyét canxi tong hop dugc c¢6 cau trac khong gian hé luc phuong thudc nhém P6aym (sé 176), hang s6
mang a=b=9.41A, ¢=6.88A.

Vit li¢u hydroxyapatite khuyet canxi dugc khao sat kha nang xur ly du lugng kim loai nang trong dat
trong cdy rau mudng bi nhidm Fe(II), Cu(II), Ni(II) and Cr(VI) nhan tao. Két qua nghién ctru cho thiy vat
lidu hydroxyapatite khuyét canxi c6 kha nang xu 1y rét t6t du lugng Fe, Cu: xir Iy dugc 69.7% lugng Cu;
52.2% lugng Fe;

Tir khéa: hydroxyapatite khuyét canxi, tinh thé hinh que, xtr 1y kim loai ning, rau muéng

REDUCTION OF HEAVY METALS RESIDUE IN SOIL FOR PLANTED
IPOMOEA AQUATICA USING NANO-SIZED CALCIUM-DEFICIENT
HYDROXYAPATITE

Abstract. This study is devoted to the synthesis of nano-sized calcium-deficient hydroxyapatite (d-HAp)
and the modelling study of its removal efficiency of toxic heavy metals from Ipomoea aquatica on the
example of Fe(ll), Cu(ll), Ni(ll) and Cr(VI) in soil. Calcium-deficient hydroxyapatite was obtained by
precipitation method from aqueous solution. The powder samples were characterized by TEM, SEM,
XRD, and FTIR method. According to the experimental results, it was found that all the hydroxyapatite
particles in hydrogel are nano-sized rod-like crystals with a width of 20-30nm and a length of 200-250nm.
The phase of synthesized powders was that of hydroxyapatite hexogonal structure, having the space group
P6am, lattice constants a = b ~ 9.41A, ¢ ~ 6.88A. In the white powder form, the samples have
characterized groups for hydroxyapatite such as OH-, PO,*.

The nano-sized calcium-deficient hydroxyapatite hydroxyapatite was then tested for the capacity of
reducing heavy metals residue in Ipomoea aquatica, growing in Fe(ll), Cu(ll), Ni(ll) and Cr(VI)-
contaminated cultivated soil. Heavy metals residues in vegetables were determined by AAS method.
According to the results, it was found that the synthesized d-HAp has a good removal capacity of Fe, Cu
and it might be considered as a promising material for reducing those heavy metals residue in soil for
planted Ipomoea aquatica.

Keywords: calcium-deficient hydroxyapatite, rod-like crystals, reduction of heavy metal ions, Ipomoea
aquatica.
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1. PAT VAN PE

Hién nay, thé gioi dang rung hoi chudng bao dong vé thuc trang & nhiém méi trudong todn cau
[1,2]. Nam trong bdi canh chung cua thé gioi, méi truong Viét Nam ciing dang xubng cap cuc
bo. Nguyén nhan chinh din dén 6 nhidm méi trudng la do nguén nudc thai, khi thai caa cac khu
cdng nghiép, khu ché xuit, co sé xi ma, khoi bui tir cac phuong tién giao thong... Trudc khi dua
ra ngoai méi trudng, ngudn nudc, khi thai nay chira kha nhiéu ion kim loai nang chua duoc xur Iy
triét dé, do vay da gay 6 nhiém méi trudng, dic biét 1a méi trudong dat, nudce.

Cung voi van d& & nhiém moéi trudng, van dé an toan thyc pham hién nay ciing dang 14 ndi lo
chung cua tit ca moi ngudi. Tai Viét Nam, rau 1a thyc pham duoc sir dung hang ngay & tit ca cac
gia dinh, quan an. Vi vay, dé dam bao stc khoé nguoi dan trong nhitng nam gan day nha nudc,
dia phuong, doanh nghiép da phat trién cac mé hinh trong rau an toan. Viét nam cé diéu kién khi
hau rat thich hop cho céc loai rau c6 ngudn géc nhiét déi va 6n d6i. Bén canh do, san xuét phu
thudc nhiéu vao phan bon, hda chat bao vé thuc vat va méi truong san xuat bi anh huong kha 16n
boi chat thai cdng nghiép, chat thai sinh hoat da 1am cho san pham rau xanh bi 6 nhiém kim loai
nang. Van dé 6 nhiém rau xay ra & hau khip céc ving trdng rau trong ca nudce [3].

Theo quan diém doc hoc: kim loai ning 14 cac kim loai c6 nguy co giy nén cac van dé vé moi
truong, bao gdm: Cu, Zn, Pb, Cd, Hg, Ni, Cr, Co, Ti, Fe, Mn, Ag, Sn, As, Se. Pong 1a mot kim
loai quan trong, Va la nguyén té vi lugng can thiét cho cdy trong va dong vat. Nhung ¢ nong do
cao, Pong lai 1a chat doc. Cac mubi dong giy ton thuong duong tiéu hoa, gan, than va niém mac
cho con ngudi va dong vat [4]. Cay trong thira Pdng ciing xay ra nhing biéu hién ngd doc ma
ching c6 thé dan téi tinh trang cay chét. Sat dong vai trd quan trong trong nhiing protein tham
gia vao viéc chuyén chd oxy nhu hemoglobin va myglobin [5], nhung khi sit t6n tai vugt muc
cho phép trong co thé, Sit an mon dng tiéu hoa, tre ché co tim, 1am giam stc can cta thanh mach
ngoai vi, phd v cac enzym trong qua trinh trao doi chat. Crom chu yéu gay ra cic bénh ngoai da
nhu 16 1oét da, viém da, loét mang ngin miii, viém gan, viém than, ung thu phdi [6]. Niken gay
phéi doc va tac dong gay doc cho than, phan tng di tng va viém da tiép xtc [7].

D3 c6 nhiéu phuong phap dugc ap dung nham loai bo hoic ¢b dinh cac kim loai ning trong moi
truong dat nhu: phuong phap héa 1y (phuwong phap hap phu, phuong phap trao ddi ion,...),
phuong phap sinh hoc, phuong phéap héa hoc,...Trong d6, phuong phap hap phu dugc ap dung
rong réi va cho két qua rat kha thi [8]. Hién nay, céac vat liéu thdng dung nhat dung dé hap phu
kim loai nang c6 thé ké dén 1a: than hoat tinh, khoang bentonite, silicagel, polimer tong hop, céc
vat lidu c6 nguon gdc thuc vat nhu vo ca fe, ba mia....Mac du cho két qua xu Iy kim loai nang
duoc danh gia kha kha quan, tuy nhién cac vay liéu nay lubn ton tai cac khuyét diém.

Trong nhiéu thap ky, hydroxyapatite dugc biét dén nhu 1a mot vat lidu tuong thich sinh hoc, c6
cau trGc va thanh phan twong ty khodng vo co trong xwong ngudi va dong vat, do do
hydroxyapatite duoc tng dung nhiéu trong hdi phuc thwong t6n cua xuong, trong chin thuong
chinh hinh va nha khoa [9]. Nhitng nim gan day, hydroxyapatite n6i chung va hydroxyapatite
khuyét canxi voi ti 16 mol Ca/P<1.67 dugc nghién cau nhiéu lam chat xir ly ion kim loai ning
trong moi truong dat va nudc boi nd s¢ hitu kha nang tuyét voi trong hap thy ion kim loai nang.
Do hip phu cyc dai cua vat liéu nano-hydroxyapatite bién tinh c6 thé 1én dén 500 mg/g ddi véi
ion Pb?*, gan 200 mg/g dbi véi ion Cd?* [10], cao hon rat nhiéu lan so véi cac vat liéu hap phu
thong thuong.

Muc dich ctia cong trinh nghién ctru khoa hoc nay 1a tong hop nano hydroxyapatite khuyét canxi
va khao sat kha ning xir Iy du lugng kim loai nang Fe, Cu, Ni, Cr trong dt trong cay rau mudng.
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2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu

Hoéa chat dugc dung cho qué trinh tong hop hop nano hydroxyapatite va nghién cau xir 1y du
lwong kim loai ning trén cay rau mudng: Canxi oxit (CaO), dung dich axit photphoric dam dic
(H3POs, 85%), Natri hydroxit (NaOH), Kali dicromat (K.Cr,O7), Bong sunfat petahydrat
(CuS04.5H,0), Sat sunfat heptahydrat (FeSO4.7H20), Niken clorua hexahydrat (NiCl..6H20).
Nudc cat hai lan duoc st dung dé pha ché tit ca cac dung dich can thiét.

2.2. Phwrong phip tong hop d-HAp

Pé tong hop cac mau d-HAp5, d-HAp10 va d-HApl5 thuc hién 1dy mau can CaO tuong tng
14102.4g, 204.8g, 306.12g cho vao binh phan tng, hoa tan trong 15 lit nudc ct hai lan va khudy
nira tiéng dé tao dung dich huyén phu Ca(OH).. Rét vao binh chiét dung dich H3POs 10%
(d=1.0532g/ml) pha tir dung dich dam dac 85% (d=1.689g/ml) da duoc tinh toan trude do, sao
cho ti 1& mol Ca/P=1.50. Chinh tdc do chdy pht hgp va md van cho dung dich HsPO4 10% tir
binh chiét xudng binh phén tmg, sao cho thdi gian tong hop khoang 30 phit. May khudy co dugc
khudy lién tuc véi tc d6 600 vong/phut dé phan tng tao két tua tring c6 kich thudc dong déu.
Trong qua trinh tong hop, pH giam dan do phan Ung trung hoa gitta axit HsPO4 va bazo
Ca(OH).. Sau khi chay hét dung dich HsPO4 trén binh chiét, tién hanh kiém tra pH dung dich sau
phan tmg va str dung dung dich NaOH 2M d¢é can chinh pH 1én gia tri pH=9. Tiép tuc khudy voi
tbc do 600 vong/phut trong 6 gio & cho qué trinh phan Gmg xdy ra hoan toan. Két taa gia hoa &
nhiét d6 phong trong 24h, sau d6 san pham dugc mang di loc, rira nhidu l1an bang nudc cit 2 lan
dé loai bo tap chit va duoc dem di siy kho & 105°C trong 6h. San pham khé duoc dem di nghién
min, sin sang cho phén tich cac dic trung hoa Iy cta vat liéu va tién hanh nghién ctru kha ning
xtr Iy kim loai ning ctia vat liéu. Trong nghién ciru nay, cac mau d-HAp di dugc tong hop bang
phuong phéap w6t theo phuong trinh tong quat nhu sau:

(10-d)Ca?* + xHPO4? + (6-X)PO4* + (2-2d+x)OH- + (n+1)H20 = Cauo-

d(HPO4)x(PO4)s-x(OH)2-2d+x| .nH20

Trong d6 0<x<I dic trung cho ti 1¢ mol ctia nhoém HPO4? va d dic trung cho do khuyét Ca ctia
vat liéu.
2.3. Phuong phap nghién cau
Phan tich XRD duoc thuc hién tai Chi cuc kiém dinh hai quan 3, trén may D2 PHARSER cua
hang Brucker voi birc xa Cu Ko v6i A =1,5406 70; toc dd quét 0,03°/s.
Hinh thai, kich thudc hat, phan tich thanh phan cac nguyén t6 (EDX) cta vat liéu dugc thuc hién
trén kinh hién vi dién tir quét FE-SEM S4800 HITACHI tai phong nghién ctru Khu cong nghé
cao TP.HCM,;
Sy hién dién cac nhom chirc dic trung ciia vat liéu duoc phan tich bang phuong phap phd hong
ngoai hap thu bién d6i Fourie trén may Bruker Tensor 37 FTIR (Germany) tai trudng Pai hoc
Cong nghiép TP. HCM.
Ham luwong cac nguyén té trong mau dat trong duoc phan tich biang phuong phap huynh quang
tia X (XRF) trén mdy ARL ADVANT’X cua hdng Thermo.

Du lugng kim loai nang trong cAc mau rau duoc phan tich bang phuong phap AAS trén may
Savant AA Sigma.
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3.KET QUA VA THAO LUAN

3.1. Tong hop va dic trung vt liéu

Céc dinh xuét hién trong gian dd XRD cua d-HAp & cac pic 2-theta la 10.73, 25.57, 25.882,
28.097, 29.069, 32.133, 32.986, 49.486, 52.169 va 53.136 (hinh 1). Gian d6 XRD cua cac mau
vat liéu d-Hap cho thiy cac vach nhidu xa 1a cac vach dic trung cho hydroxyapatie don pha
(theo co sé dir liéu XRD PDF 00-024-0033) va khong c6 pha tinh thé nao khac hydroxyapatite
dugc phat hién trong mau vt liéu nghién ctru. Theo dir liéu phan tich gian do6 XRD, tinh thé d-
HAP ¢ dang luc phuong; thudc nhom khéng gian P6s/m; ¢ cac hing sb 6 mang a = b =
9.418A, ¢ = 6.884A; kich thudc trung binh cua tinh thé trong khoang 60-70nm.
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Hinh 1. Gian d6 XRD cua cac mau bot d-HAp.

Phén tich mau vat liéu bang phuong phap XRD cho phép khang dinh vat liéu tong hop duoc 1a
mat chit ¢6 cau tric tinh thé trong ho hydroapatite, tuy nhién phuong phap nay khong thé xac
dinh cu thé nhém chirc nao hién dién trong cau trac vat liéu.

Dé xac dinh su hién dién cua cac nhém chire dic trung, phuong phap phd hong ngoai hap thu
bién dbi Fourie dd dugc xir dung. Quang phd FTIR ctia mau d-HAp duoc biéu dién ¢ hinh 2. Su
hién dién ctia nhém chire OH" trong céu triic hydroxyapatite dugc dic trung boi dao dong tai sb
s6ng 3505 cm™. Nhom PO.% ¢6 dai phd dic trung tir 900-1200cm™, bao gém cac dao dong co
gian déi xtng va bat dbi xing v1=962 cm™, v3=1041 cm™ va 1091 cm™. Nhém HPOs* c6 thé
duoc do ¢ 826 cm™. Ngoai trir nhitng nhém dic trung, trong cau tric ciia hydroxyapatite khuyét
canxi téng hop duoc cling quan sat thdy su xuat hién ctia nhom COs% (1400 cm™). Sy hién dién
ctia nhom chtrc CO3? ¢6 thé duge giai thich 1a két qua ctia sy hap phu khi CO; trong khong khi
boi dung dich Ca(OH),. Do ham lugng CO3% hap thu khong cao, nhom CO3? sau khi hap phu chi
c6 thé thay thé mot phan nhé nhém OH- trén bé mit ciia hydroxyapatite [11,12]. Nhu vay, ¢ 826
cm™ xac xuét phan 16n 1a dao dong cia nhém HPO4? ma khong phai cia nhém COs%, vi tong
hop dién ra ¢ pH 8.5, tai d6 c6 sy chuyén mot phan POs*> vé HPO4? [13].
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Hinh 2. Phd hong ngoai FTIR cta cac mau d-HAp.

Phan tich anh SEM cua ba mau vat liéu d-HAp da cho thay vat liéu thu dugc 1a tap hop céc tinh
thé hydroxyapatite c6 dang hinh que, kich thuéc tir 1 dén 10 micron. C4c tinh thé c6 kich thugc
déu nhau nhat, thé hién rd nét trén anh SEM caa mau d-HAp10. Mau d-HAp5 va d-HAp15 c6 bé
mat go ghé hon, cac tinh thé hydroxyapatite tuy ciing c6 dang hinh que nhung khong rd nét, kich
thugce tinh thé da dang. Hinh SEM cua cac mau vat liéu duoc biéu dién trong hinh 3.
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Hinh. 3. Hinh SEM cta mau vat liéu a) d-Hap5; b) d-Hap10; c) d-Hap15

Dé c6 két luan chinh xac hon vé hinh thai bé mat cua vat liéu, cac mau vat liéu trong dung dich
huyén phi sau tong hop dugc mang di phan tich bang phuong phéap hién vi dién tir truyén qua
(TEM). Két qua phan tich anh TEM cho thiy céc hat d-HAp trong dung dich huyén phu 1a nhiing
tinh thé dang hinh que véi bé rong trong khoang 20-30nm; bé dai trong khoang 200-250nm
(Hinh. 4). Trong d6, mau d-HAp10 cho cac tinh thé vai kich thudc dong déu nhét.
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Hinh. 4. Hinh TEM cua mau vat liéu a) d-Hap5; b) d-Hap10; c) d-Hap15.

Duya trén két qua phén tich hinh thai bé mat bang phuong phap SEM, TEM ta thdy mau vat liéu
d-Hap10 c6 hinh thai bé mit t6i vu nhat dugc chon dé phén tich ham luong cac nguyén té trong
mau bang phuong phap tan xa ning luong tia X (EDX) va khao sat kha nang xt Iy du luong trén
ciy rau mudng.

Theo phé EDX ctia mau d-HAp10 (hinh 5) tai céc vi tri khac nhau trong céu trac HA chi ra rang
thanh phan chinh ciia mau d-HAp10 1a nguyén té canxi trong khoang 23.81-28.36%, nguyén to
phét pho 13.77%-16.28%; oxy chiém 53.22-60.49%. Duya trén thanh phan nguyén tir, gia tri
trung binh cta ty s6 mol Ca/P 1a khoang 1.34 thap hon so véi ty 1& mol tinh toan ciia Ca/P 1 1.5,
chung t6 su khuyét canxi cta vat lidu tong hop duoc. Theo két qua bang 1, ta thiy co sy xuét
hién mot lugng nho natri trong mau vat liéu. Su hién hién ctia natri c6 thé do su canh tranh gitra
natri va canxi trong qua trinh hinh thanh cau tric hydroxyapatite. G mot s6 vi tri trén bé mat vat
liéu, cac ion Ca?* duoc thay thé bang ion Na*. Trong cau triic tinh thé cua vat lidu d-HAp, su
thay thé ion Ca?* bang ion Na* c6 kha nang hap phu cac ion kim loai ning theo co ché trao doi
ion. Sy hién dién ciia cac vi tri nay c6 thé s& 1am ting téc d6 hap phu cac ion kim loai ning 1én
vat liéu d-HAp, do tinh linh ddng ctia ion natri cao hon ion canxi.

Spectrum 1 Spectrum 2 Spectrum 3

1 2 3 5 1 2 3 4 3
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Hinh. 5. Phé EDX ctia mau d-HAp10.
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Bdng 1. Két qua phan tich ham lwong cic nguyén té trong vt liéu bing phwong

47

phap EDX
Spectrum 1 Spectrum 2 Spectrum 3
Element | Weight% | Atomic% | Weight% | Atomic% | Weight% Atomic%
OK 59.97 76.60 60.49 76.86 53.22 71.50
Na K 2.45 2.18 2.63 2.32 2.13 1.99
PK 13.77 9.08 14.13 9.27 16.28 11.30
CaK 23.81 12.14 22.75 11.54 28.36 15.21
Totals 100 100 100
Ca/P~1.53

Trong nghién ciru khao sat kha nang xur 1y dong thoi du lugng kim loai nang Cu, Fe, Ni, Cr trong
dat trong cdy rau mudng, chung t6i d tién hanh trong thir nghiém cAy rau mudng trén mau dat
dinh dudng cho nhiém kim loai ning nhan tao. Ham luong kim loai ning tron vao trong dat vuot
qua murc cho phép 3 lan (theo QCVN 03: 2008) [14]. Trudc khi tién hanh trong cdy, mau dat
dugc mang di phan tich bang phuong phap XRD va XRF dé xac dinh pha tinh thé va ham luong

cac nguyén td co sin trong mau (hinh 6 va bang 2).
Bdng 2. Két qua phan tich ham lwong cic nguyén té trong miu dat trong bang

phwong phap XRF
Element Net Int. | Calc. Conc. | Norm. Conc. Unit
SiO; 162.1 33.1 77.6 [%]
Wax --- --- 8.45 [%]
K20 23.9 2.44 5.71 [%]
CaO 175 1.79 4.19 [%]
Fe,0s 42.2 1.65 3.87 [%]
Al;Os 6.5 151 3.55 [%]
P20s 2.4 0.501 1.18 [%]
SO3 3.2 0.436 1.02 [%]
MgO 4.5 0.361 0.847 [%]
Cl 3 0.282 0.661 [%]
MnO 3.8 0.177 0.416 [%]
TiO; 15 0.157 0.369 [%]
Na.O 0.4 706 0.166 [%]
ZnO 1.6 704 0.165 [%]
SrO 1.2 298 699 [ppm]
RbO> 1.1 283 664 [ppm]
Cr0s 0.2 151 354 [ppm]
CuO 0.3 150 351 [ppm]
ZrO; 0.6 149 349 [ppm]
NiO 0.2 141 330 [ppm]
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2Theta (Coupled TwoTheta/Theta) WL=1.54060

Hinh 6. XRD patterns of soil sample.

Theo két qua phéan tich XRD ciia mau dét trong, cho thiy cac dang tinh thé ton tai trong
méu dat chu yéu 1a SiO, — Cristobalite; SiO, — Quatz; (NH4)3Al(SO4)s — Aluminopyracmolite;
Can.s4sMg0o.155(CO3) — Calcium Magnesium Carbonate; NazSi>0s.5H,0 — Redvdite. Két qua
phan tich ham lugng cac nguyén té trong dat chi ra riang trong mau dat sir dung khong c¢é Ni, Cr;
Cu ton tai & dang vi luong; Fe c¢6 ham luong kha 16n, nhung Fe phan 16n c6 thé & dang oxit hay
hydroxit bén nén ciy kho co thé hap thu.

3.2. Khao sat kha nang xir ly ion Cu(ll) , Ni(Il), Fe(11) va Cr(VI) cia vat liéu d-HAp trong
mdi trueomg dit nhiém kim loai ning

Mau 1: 0.4g dong thoi Cu?*, Ni%*, Fe?* va Crb* 14y theo ti 18 vuot qua tiéu chuan cho phép
ba lan, tron déu trong 400g dat, sau d6 tron thém 3g bot d-Hap, u qua ngdy, gieo hat rau mudng
va tudi nudc sach, sau d6 quan sat cdy rau mudng sinh trudong va phat trién cho dén khi thu
hoach.

Mau 2 (miu ddi ching): 0.4g dong thoi Cu?*, Ni?*, Fe?* va Cr®* 1ay theo ti 1& vuot qua
tiéu chuan cho phép ba lan, tron déu trong 400g dit. D4t nhiém kim loai ning khong duoc xir 1y
bang vat liéu d-HAp. D4t duoc 1 qua ngay, gieo hat rau mudng va tudi nude sach, sau d6 quan
sat cAy rau mudng sinh truong va phat trién twong ty mau 1.

Sau khi gieo hat, cac mau duoc tién hanh tuéi nude mot 1an/mot ngay véi thé tich nude
nhu nhau. Rau muéng duoc tréng 25 ngay, sau do thu hoach phﬁn than va 1a, dem di rira sach,
can, sdy kho & 105°C trong 6 gio rdi nghién min va tién hanh phan tich xac dinh ham lugng kim
loai nang c6 trong mau.

Nhin chung, céc cdy rau mubng dugc tréng trén mau dat nhiém ion kim ning déu phat
trién cham, 14 vang Ua. Ddi voi cdy rau mudng trong trong dat bi nhiém ion kim loai ning duoc
xtr Iy bang vat liéu d-HAp thi cay phat trién tot hon, 14 xanh hon, bé rong 14 to hon, sb lugng cay
moc nhiéu hon.
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Bdng 3. Du luong ion kim loai ning trong rau mudng trong trén dat nhiém kim loai ning
va dat nhiém duoc xtr Iy bang vat liéu d-HAp

Mau rau Mau rau Ham
MAu rau mudng ro <an ok luong Cu Ni Fe Cr
'8 Y. & nudc (%)

Dat nhiém kim

loai nang (KLN)
Pat nhiém KLN
duogc xir 1y bang 24.374 1.9521 91.991 179 | 1753 | 27.83 | 28.32
vat liéu d-HAp

15.5963 1.2491 91.991 59.21 | 21.09 | 60.13 | 32.17

80 7 59.21 60.13
g 60
od 32.
2 10 ” % o 83 &é 32
20
0
e(ll)

cu(ln) Ni(l1) Cr(Vv1)

B Rau mudng trong trén dat nhiém ion KLN

B Rau mudng trong trén dat nhiém ion KLN trén thém bt d-
HANn

Hinh 7. Biéu d6 biéu dién du luong ion kim loai ning trong rau mudng trong trén dat
nhiém kim loai ning va dat nhidm duoc xur ly b'fmg vat ligu d-HAp

Theo két qua phén tich du luong ion kim loai ning trong rau mudng trong trén dat nhiém kim
loai ning va dat nhidm dugc xtr 1y bang vat liéu d-Hap trén hinh 7, nhan thay rang, du luong kim
loai nang c6 & trong mau dét tron bot d-HAp ludn thap hon so véi du lwong kim loai ning c6
trong mau khéng duoc xtr 1y. Diéu d6 cho thay vat liéu d-HAp da hap phu duge mot luong 16n
cac ion kim loai nang c6 trong dt, dic biét 1a Cu va Fe. Cu thé, vat liéu d-Hap xt 1y duoc 69.7%
lugng Cu; 52.2% lugng Fe; 19.9% lugng Ni va 11.96% Cr. Tu do6 cho théy, vat liéu
hydroxyapatite tong hop dwoc hap phu kha t6t cac kim loai ning trong dat, da lam giam dang ké
du lugng cac kim loai ndy trong dét trong cdy rau mudng.

4. KET LUAN VA KIEN NGHI

Trong cong trinh nghién ctru nay, da tong hop thanh cong vét liéu hydroxyapatite khuyét canxi
don pha. Vit liéu hydroxyapatite khuyét canxi tong hop duogc cé kich thudc nano, chidu rong tir
20-30nm, chiéu dai tir 200-250nm.

Vit liéu nano hydroxyapatite khuyét canxi co thé duoc ung dung mot cach hiéu qua lam vat liéu
xtr 1y du luong Fe, Cu va gitp diéu hoa ham luong kim loai ning khac 1a cac nguyén td vi lugng
¢6 trong cdy rau mudng.
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Tuy nhién, can thuc hi¢n thém céac nghién ctru chi tiét khdo sat sy anh hudng cia cac kim loai
nang dén sy sinh trudng va phat trién ciia rau muodng, cling nhu mé rong qui mé nghién cuu trén
dién tich dat 16n hon.
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