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SUMMARY

EVALUATION OF TREATMENT EFFICIENCY OF SOME HEAVY METAL IONS
FROM WATER USING 2,3-DIMERCAPTOSUCCINIC ACID (DMSA)

The environment and its compartments have been severely polluted by heavy metals. Heavy metals
toxicity can result in damaging or reducing mental and central nervous function, lowering energy
levels, and damaging to blood composition, lungs, kidneys, liver and other vital organs. 2,3-
dimercaptosuccinic acid (DMSA) is a sulfhydryl-containing, water-soluble, non-toxic, orally-
administered metal chelator which has been used as an antidote to heavy metal toxicity since the 1950s.
This paper presents the results of the removal efficiency evaluation for heavy metal ions, including
Pb(I1), Hg(l), Cd(l) and As(V). The maximum removal efficiency of Pb(ll) (at pH 7), Hg (1I), Cd(ll)
(at pH 2.5) and As(V) (at pH 5) were of 99.98%, 99.87%, 82.40% and 83.39%, respectively.
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1. PAT VAN PE chat gay ung thu ¢ ngudi (chic chan hogc tiém
Chit luong ngudn nude sinh hoat dang 1a mot 4n nguy co) do Co quan Bao vé Méi trudng
thach thirc 16n ma nhén loai phai d6i mit trong Hoa Ky (EPA) ban hanh [4].

thé ky XXI [1]. Mbi quan tim hang dau trong 2,3-Dimercaptosuccinic acid (DMSA) la hoat
xtr 1y nuée 6 nhiém 1a cac tdc nhan hoa hoc, chat dung trong y hoc tir nhimg nam 1950 dé
gdm CAC Vi chét hitu co va vo co, kim loai diéu tri ngd doc chi, thuy ngan va asen [5]. V&
nang, chét hitu co téng hop, diu, md, dung mit ciu tric, DMSA 1a dan sudt cuoa
mai,... [1, 2]. Hién nay, 6 nhiém kim loai ning dimercaprol, dugc dung lam thudc giai doc
trong cac nguén nudc dang tré thanh mot véan kim loai nang dac hiéu do ddc tinh thép va it
dé vo ciing cip bach, nhét 1a cac ngudn nude bi hoa tan trong lipid nén hiéu qua khi dung dé
nhiém kim loai ning nhu Pb, Hg, Cd, Cr, Mn, uéng [5].

As,... Bgc tinh cua chung phu thudc vao nhiéu SH

yéu t6 nhu ham lwong, con dudng phoi nhidm,

do tudi, gioi tinh, di truyén va tinh trang dinh HO,C _ (R)

dudng cua ca thé bg' phoi nhiém [3]. ) COyH

Do muc do ddc hai cao, As, Cd, Cr, Pb va Hg :

duoc xép vao nhom cac kim loai nang co6 tac éH

dong 16n dén sirc khoe ciia con ngudi va cac R , )
Hinh 1. Céng thirc cau tao ciia DMSA

DMSA da dugc tong hop trong phong thi
nghiém ciia chiing t6i voi mét s cai tién so véi

loai dong thuc vat, ching gay tén thwong nhiéu
co quan trong co thé ngay ca & lidu luong thip.
Céc kim loai nang nay dugc phan loai 14 cac
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tai liéu cii, hidu suat dat 45,8% [7]. Do do,
DMSA tao thanh can thiét phai danh gi4 lai tinh
chat va dic biét 1a hiéu qua xu ly kim loai nang,
1am co s& cho nhimg nghién ctru phat trién ¢ giai
doan sau. Bai bao nay trinh bay két qua thir
nghiém kha ning xir 1y loai b6 mot sd ion kim
loai ning trong nudc st dung hop chat DMSA.

2. PHUONG PHAP NGHIEN CUU

2.1. Hoa chét, thiét bi va dung cu

2.1.1. Héa chit

Céc hoa chit duoc sir dung bao gdm: DMSA
(99,35 %, Vién Cong nghé méi tong hop qua
hai budc tir acetylenedicarboxylic acid phan
ung voi thioacetic acid, sau d6 cho phan ung
tiép v6i HC1 0,5 M trong méi truong khi tro &
95 °C), mubi Pb(NOs), (98 %, Trung Qudc),
mubi HgSOs (98 %, Trung Qudc), mudi
Cd(CH3CO0O0)2 (99 %, Anh), NazHASO4 (99 %,
An D9), nude deion (Viét Nam), dung dich
acid HCI 0,1 N (pha tir acid HCI dac, PA,
Trung Qudc), dung dich NaOH 0,1 N (pha tir
NaOH, PA, Trung Qudc).

2.1.2. Thiét bi

Céc thiét bi sir dung bao gdm: Bé 6n nhiét co
lic (JSS-30T, M§), can phan tich (Ohaus, M¥),
may ly tdm (Universal, Hettich, Puc), bé rira
siéu am (Elma, Puc), may lic 6ng nghiém
(Velp Scientifica), pH meter (Toledo, Thuy
S¥), hé loc hut chan khong (Pirc), thiét bi
quang ph6 ngudn plasma cam tng cao tan két
ndi khbi phd (Agilent Technologies 7900 ICP-
MS, M) va mét sb thiét bi thong dung khac
trong phong thi nghiém.

2.1.3. Dung cu

Cac dung cu dugc sir dung bao gdbm: Ong falcol
thé tich 50 mL, 15 mL; pipet vai cac thé tich 1, 2,
5, 10 mL; pipetman 25 pL, 50 pL va 100 pL.

2.2. Phuong phap thuc nghiém

Chuén bj dung dich DMSA véi nong d6 0,1 M
va chuan b cac dung dich mudi Pb(II), Hg (II),
Cd (11) va As(V) v6i ndng do 400 ppm, thé tich
100 mL tir cac mudi twong Gng dd néu & trén.
Pha lodng cic dung dich mubi thanh cac dung
dich ¢6 ndng do giam dan theo ddy 200 ppm,
100 ppm, 50 ppm va 25 ppm bang nuéc deion.

Dung pipet 10 mL hat 7,5 mL dung dich mudi
kim loai c6 ndng d6 lan lwot 1a 400 ppm, 200
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ppm, 100 ppm, 50 ppm, 25 ppm va 7,5 mL
dung dich DMSA 0,1 M viao 6ng falcol 50 mL
ky hiéu lan luot 1a PbM;, PbM,, PbMs, PbM,,
PbMs (twong tmg véi mudi Pb); HgM1, HgMa,
HgMs, HgM,, HgMs (twong tmg voi mudi Hg);
CdM;, CdM,, CdM;3, CdM4, CdMs (trong Ung
v6i mudi Cd) va AsMi, AsMz, AsMs, AsM,,
AsMs (twong g voi mubi As) dé thu duge 15
mL hén hop cac dung dich ¢6 néng d6 tuong
ung 200 ppm, 100 ppm, 50 ppm, 25 ppm, 12,5
ppm. Diéu chinh pH dung dich vé méi trudng
pH = 2,5.

Lap lai twong ty quy trinh trén véi cac Ong
falcol ky hiéu PbMs, PbMy7, PbMs, PbMo,
Pleo, HgMe, HgM7, Hng, HgMg, Hngo,
CdMs, CdMy7, CdMs, CdMsg, CdMi, AsMs,
AsMy, AsMs, AsMs, AsMio nhung diéu chinh
vé pH=5.

Tién hanh tuong ty v&i cac ong falcol ky hiéu
Plel, Plez, Pleg, PbM14, Ples, Hngl,
Hngz, Hngs, HgM14, Hngs, CdMll,
CdMlz, CdMls, CdM14, CdM15, ASM11, ASMlz,
AsMi3, AsMi4, AsMis nhung diéu chinh moéi
truong vé pH="7.

Chung toi thyc nghiém & méi truong pH <7 vi
cac phirc cia DMSA véi kim loai nang bén &
diéu kién nay hon so voi méi truong bazo [5].
Sau d6 dem lic bang bé 6n nhiét c6 lic JSS-
30T trong 2 gid & nhiét do phong. Ly ong
falcol 50 mL ra, dé yén & diéu kién phong thi
nghiém trong 24 h, sau d6 dua vao may ly tam.
Tién hanh ly tim ¢ téc do 2000 vong/phut
trong thoi gian 60 phut, loc qua gidy loc, thu
lay phan dung dich dé phén tich xac dinh ham
lwong kim loai con lai bang may ICP-MS theo
phuong phap di dugc cong bd cua EPA [6].
Tién hanh 13p 3 1an di v6i mdi thi nghiém va
ldy gia tri trung binh dé thu duoc sb liéu
nghién ctru.

3. KET QUA VA THAO LUAN

3.1. Panh gia hiéu qua loai bo ion Pb(Il) trong
nudc bédi DMSA

Tién hanh cac thi nghiém danh gi4 hiéu qua
loai bo ion Pb(Il) theo quy trinh da néu &
phén 2, chling t6i thu duoc két qua nhu trong
Bang 1.



Bang 1. Hiéu qua xi Iy nuwoc chira ion Pb(1l) cua DMSA

. x Ham lugng kim loai Ham lwgng kim Hiéu qua loai
STT Tén mau PH trude xi’ri’f (ppm) | loai sau xir 1? (ppm) b(’)q(%)
1 PbMo - 400,0 - -
2 PbMy 2,5 200,0 1,115 £+ 0,054 99,44
3 PbM, 2,5 100,0 0,027 + 0,003 99,97
4 PbM3 2,5 50,0 0,353+ 0,012 99,29
5 PbM, 2,5 25,0 0,279+ 0,023 98,88
6 PbMs 2,5 12,5 0,791 £ 0,031 93,67
7 PbMs 5,0 200,0 0,078 £ 0,007 99,96
8 PbM- 5,0 100,0 0,168 + 0,013 99,83
9 PbMs 5,0 50,0 0,339 + 0,009 99,32
10 PbMg 5,0 25,0 1,857 £ 0,023 92,57
11 PbMzo 5,0 12,5 1,171 £0,017 90,63
12 PbM1; 7,0 200,0 0,048 + 0,004 99,98
13 PbMi. 7,0 100,0 0,538 £ 0,018 99,46
14 PbMi3 7,0 50,0 0,097 + 0,008 99,80
15 PbMi4 7,0 25,0 0,305 + 0,007 98,78
16 PbM3s 7,0 12,5 0,578 + 0,026 95,38
oo 3.2. Panh gia hiéu qua loai bé ion Hg(l1)
s trong nuéc béi DMSA
oo Hiéu qua xu 1y ion kfm loai Hg(II) trong nudc
. cia DMSA duogc thé hién trong Bang 2. D
) La \ I l La \ I l La liéu duge biéu dién truc quan dudi dang hinh

B Trude xar Iy Sau xr Iy

Hinh 2. Hiéu sudt xit Iy ion kim logi Pb(II)
trong nuoc cua DMSA

Tur dir liéu thu duge trong Bang 1 va quan sat
Hinh 2 ta thay, & cac pH=2,5; 5,0 va 7,0, hiéu
qua xtr 1y ion kim loai Pb(IT) déu rat cao (hau
hét déu trén 99 %). Trong d6, hidu qua xtr 1y ¢6
xu hudng giam dan khi ndng do cua ion kim
loai trong mau ban dau giam dan. Vay, DMSA
thé hién kha nang xur 1y nude chira ion kim loai
Pb(Il) tot va it anh huong béi pH cia moi
truong ciing nhu ndng d6 ion kim loai ban déu.

nhu Hinh 3. Quan sat Bang 2 va truc quan hoa
& Hinh 3, ta thay hiéu qua xir Iy ion kim loai
Hg(II) trong nudc cia DMSA twong dbi tét, &
n6ng d6 ion kim loai ban dau cang cao thi hiéu
qua xir 1y cang t6t. pH ciia dung dich ting dan
thi hiéu qua xir 1y ¢6 xu huéng giam nhe, diéu
nay c6 thé dwoc ly giai 1a do phirc hop Hg-
DMSA c6 d6 tan ting dan khi ting d6 pH dan
dén hidu qua xur ly bi giam di. Nhu vay,
DMSA ciing thé hién kha nang xu 1y nudc
chira ion Hg(II) tét, tuy nhién hiéu qua kém
hon so véi xir 1y ion Pb(II).

Bang 2. Hiéu qua xir Iy nuoc chira ion Hg(1l) cua DMSA

Y x Ham lwgng kim loai | Ham lugng kim loai | Hiéu qua loai
STT Tén mau pH R b .
trwée xir ly (ppm) sau xir ly (ppm) bé (%)
1 HgMo - 400,0 - -
2 HgM; 2,5 200,0 0,251 + 0,005 99,87
3 HgM> 2,5 100,0 0,195 + 0,007 99,81
4 HgM3 2,5 50,0 0,377 £ 0,015 99,25
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5 HgM4 2,5 25,0 0,251 +0,012 99,00
6 HgMs 2,5 12,5 0,256 + 0,016 97,95
7 HgMe 5,0 200,0 2,142 + 0,027 98,93
8 HgM- 5,0 100,0 2,255+ 0,031 97,75
9 HgMs 5,0 50,0 0,331 + 0,005 99,34
10 HgMo 5,0 25,0 0,284 + 0,003 98,86
11 HgM1o 5,0 12,5 0,748 + 0,011 94,02
12 HgM11 7,0 200,0 6,764 + 0,059 96,62
13 HgM1. 7,0 100,0 0,190 + 0,005 99,81
14 HgMus 7,0 50,0 0,110 + 0,003 99,78
15 HgM4 7,0 25,0 0,126 + 0,009 99,50
16 HgMis 7,0 12,5 1,523 £ 0,021 87,82

200

150

100

50

0

b

NENs & & & & & = =7 = = =

B Trwde xi If

Sau xtr Iy

Hinh 3. Hiéu sudt xit Iy ion kim logi Hg(I1)

trong nudc cua DMSA

3.3. Panh gia hiéu qua loai bé ion Cd(II)
trong nwéc béi DMSA
Bang 3. Hiéu qud xu Iy nudc chira ion Cd(Il) cia DMSA

Hiéu qua xur 1y ion kim loai Cd(II) trong nudc
ctia DMSA dugc thé hién trong Bang 3. Quan
sat Bang 3 cho thdy, hiéu qua xir 1y ion kim
loai nang Cd(I) trong nudc cia DMSA thip
hon dang ké so véi Pb(Il) va Hg(ll). Hon nita
khi ndng do cta ion kim loai Cd(ll) ban dau
giam di thi hiéu qua xu 1y lai tang Ién. pH c6
anh huong dén hiéu qua xir 1y tuy nhién khong
¢6 quy lut rd rang. Tir két qua trén, ta thdy
DMSA cé kha nidng trong viéc xir ly nudc
nhiém ion Cd(ll) song hiéu qua khéng cao.

STT Tén miu oH Hz‘nm'lu’q?g'kim loai Ham lu’(;mg} kim loai Hi.éu”quﬁ
truoc i ly (ppm) sau xir ly (ppm) loai bé (%)

1 CdMo - 400,0 - -

2 CdM; 2,5 200,0 62,049 + 0,083 68,98
3 CdM; 2,5 100,0 30,851 + 0,034 69,15
4 CdMs 2,5 50,0 15,080 + 0,018 69,84
5 CdM, 2,5 25,0 6,280 + 0,011 74,88
6 CdMs 2,5 12,5 2,200+ 0,010 82,40
7 CdMgs 5 200,0 88,427 + 0,092 55,79
8 CdMy 5 100,0 42,054 £ 0,025 57,95
9 CdMs 5 50,0 17,875 + 0,028 64,25
10 CdMy 5 25,0 7,338 £ 0,035 70,65
11 CdMyo 5 12,5 3,152 + 0,058 74,78
12 CdMu; 7 200,0 77,899 + 0,056 61,05
13 CdMy. 7 100,0 36,843 + 0,025 63,16
14 CdMu3 7 50,0 16,970 + 0,008 66,06
15 CdMy4 7 25,0 7,406 + 0,023 70,38
16 CdMys 7 12,5 3,263 £ 0,018 73,90
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Hinh 4. Hiéu sudt xi 1y ion kim loai Cd(II)
trong nuoc cua DMSA
3.4. Panh gia hiéu qua loai bo ion As(V)
trong nwéc béi DMSA

Hiéu qua xt 1y ion kim loai As(V) trong nudc
cia DMSA dugc thé hién trong Bang 4 va
Hinh 5. Quan sat Bang 4, Hinh 5 cho thay, hiéu
qua xt ly ion kim loai nang As(V) trong nudc
cia DMSA thap hon so véi Pb(Il) va Hg(II)
nhung tot hon so véi Cd(II). Tuy nhién, hiéu
qua xtr 1y ion As(V) it bi anh huong boi nong
d6 ban dau ciing nhu pH, nguyén nhan c6 thé
do sy khac nhau vé hoa tri va gia tri héng )
phtic cua As(V) véi DMSA. Qua tham khao
chung t6i cling chua cé dit li€u ctia nghién ctru
tuong tu.

Bang 4. Hiéu qud xut Iy nude chita ion As(V) cia DMSA

Y x Ham luwgng kim loai Ham lwgng kim loai Hiéu qua
STT | Ténmiu PH truée xfrgly' (ppm) sau xir 1?/ (ppm) loai béq(%)
1 AsMo - 400,0 - -
2 AsM; 2,5 200,0 68,241 + 0,052 65,88
3 AsM; 2,5 100,0 26,982 + 0,037 73,02
4 AsM; 2,5 50,0 14,596 + 0,031 70,83
5 AsM, 2,5 25,0 6,293 + 0,022 74,86
6 AsMs 2,5 12,5 3,317 £ 0,035 73,54
7 AsMg 5 200,0 45,904 + 0,069 77,05
8 AsMy 5 100,0 16,617 £ 0,026 83,39
9 AsMg 5 50,0 8,405 + 0,025 83,21
10 AsMo 5 25,0 6,212 + 0,023 75,17
11 AsMyg 5 12,5 2,184 +0,017 82,56
12 AsMy; 7 200,0 40,588 + 0,095 79,71
13 AsMy; 7 100,0 17,717 £ 0,067 82,29
14 AsM3 7 50,0 9,403 + 0,048 81,21
15 AsMy4 7 25,0 4,896 + 0,024 80,46
16 AsMs 7 12,5 2,109 + 0,015 83,17
i DMSA sau tong hop dwoc danh gia hiéu qua
;(?0 xtr Iy mot s6 ion kim loai nang trong nudc, Kkét
e qué cho thiy, hidu qua xit 1y ion Pb(Il) cao
1?0 nhit dat 99,98 % tai pH=7, ndng d6 miu ban
"Z ] I_| L. l Lo l L. dau 1a 200 ppm; hiéu qua xu 1y ion Hg(ll) cao

WOWW W W W W W -

BTrdexiely ™ Sauxu ly

Hinh 5. Hiéu sudt xik Iy ion kim logi As(V)
trong nuoc cua DMSA
4. KET LUAN

164

nhét dat 99,87 % tai pH=2,5, ndng d6 miu ban
dau 1a 200 ppm; hiéu qua xtr Iy ion Cd(ll) cao
nhét dat 82,40 % tai pH=2,5, ndng do ban dau
12,5 ppm va hiéu qua xr Iy ion As(V) cao nhat
dat 83,39 % tai pH=5, ndng d6 ban diu 100

ppm. Két qua nghién ciru nay tuong ty nhiing




nghién ctru da cong bd cia nude ngoai, 1am co
sO dé chung t6i tién hanh téi wu diéu kién thi
nghiém nham dua ra dugc giai phap xir 1y triét
dé mot s6 kim loai nang néu trén nhiém trong
nudac.
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