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XAC PINH PONG THOI As (I1I), As(V), MONOMETHYLARSONIC (MMA)
VA DIMETHYLARSONIC (DMA) TRONG NUOC GIENG KHOAN BANG HPLC-ICP-MS
TAI XA CHUYEN NGOAI VA CHAU GIANG HUYEN DUY TIEN TINH HA NAM
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Pham Hai Long, Tran Vin Cuong
Vien Cong nghé maoi truong, Vién Han ldm Khoa hoc va Cong nghé Viét Nam.

SUMMARY

SIMULTANEOUS DETERMINATION OF FOUR SPECIES (As(III), As(V),
MONOMETHYLARSONIC AND DIMETHYLARSONIC) IN TUBE WELL WATER
BY HPLC-ICP-MS IN CHUYEN NGOAI, CHAU GIANG COMMUNE,
DUYTIEN DICTRICT, HANAM PROVINE

Simultaneous determination of four arsenic species (arsenite, arsenate, monomethylarsonic
acid and dimethylarsonic acid) was well developed and validated. The Anion exchange
separation of As(Ill), As(V), DMA and MMA was accomplished on a Hamilton PRP - X100
column using 12.5 mM (NH,,HPO, (pH= 8.5 adjusted by amonium hydroxide) solution
containing 3 % v/v of methanol as the mobile phase. The arsenic species were detected and
determined by ICP-MS. The concentrations of arsenic in the two villages (Chuyen Ngoai,
Chau Giang) in Ha Nam province in northern Vietnam significantly exceeded the Vietnamese
drinking water standard for arsenic (10 ug/L) with average concentrations of 510 and 118
ug/L on the dry season , 359 and 90 ug/L on the rainy season , respectively. According to the
results of the arsenic speciation testing, the predominant arsenic species in the groundwater
existed as arsenite [As(Ill)]. This page was analyzed 200 samples ground water in Duy Tien
District, Ha Nam Province.

Keywords: As(lll), As(V), MMA, DMA, HPLC, ICP-MS, Duy Tien District, Ha Nam Province.

1. MO DAU gbc asen co trong nudc ngdm, muc do 6
Ham luong asen cao trong nudc ngim & nhidm, chu trinh van chuyén, quy luit vé
nhiéu khu vuc trén thé gi6i ciing nhu & Viét mdi hinh thai dong cua nguyén td rat doc
Nam dang 1a mdi quan tdm dic biét cua hai nay. Tuy nhién, hiu hét cic nghién ctru
Chinh phu va ngudi dan. Pi c6 rat nhiéu tai Viét nam di cong bd déu chwa dua ra
cong trinh nghién ciu didu tra vé ngudn duogc cac dang ton tai cua asen trong nudc
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ngém ddi v6i cac khu vuc bi 6 nhiém asen
As(IIT), As(V),
monomethylarsonic (MMA) va
dimethylarsonic (DMA). Do d6c tinh cta
nguyén té asen dbi véi con ngudi va dong

vi du nhu

vat phu thudc vao dang tdn tai, & nhiéu
dang khac nhau voi cac doc tinh khac nhau.
Noi chung, As v6 co ddc hon As hitu co,
As (IIT) d6c hon As (V), con ddc tinh cta
DMAIII lai thip hon MMAV. As hitu co c6
doc tinh thdp hon As v6 co 1a nho phan tng
metyl hoa tir tir hodc qua trinh bién d6i cua
nguyén té trong cac hop chit hitu co. Doc
tinh cia As cao gap4 lan thuy ngén, lidu
luong giy chét nguoi 1a 125 mg. Hau hét
As di hip thu s& duoc bai tiét qua nudc
tiéu, phan, da, toc, méng va hoi tho.

Hién tai trén thé gidi dé xac dinh duoc
As(IID), As(V),
monomethylarsonic acid (MMA) va
dimethylarsonic acid (DMA) dat tiéu chuén
nude udng, nude ngdm va miu sinh hoc cac

ddng thoi

phong thi nghiém phai ghép ndi thiét bi
HPLC va CE [1] v6i cac thiét bi UV-HG-
AAS; HG-AFS [2,3] va ICP-MS d& xac
dinh [4,5].

Do vay nhém tac gia “Xac dinh dong thoi
As(IlT), As(V), monomethylarsonic acid
(MMA) va dimethylarsonic acid (DMA)
trong nude giéng khoan tai hai x3 Chuyén
Ngoai va Chau Giang huyén Duy Tién tinh
Ha nam bing phuong phip ghép ndi
HPLC- ICP-MS”. Uu diém cia phuong
phap 1a @6 chinh xac cao, do lap lai tot va
d6 nhay cua phuong phap 1a 0,5pg/L ddi
véi As I11.

Xa Chuyén ngoai Hinh 1 va Chau giang
Hinh 2 ndm trong khu vic ddng bang giita

song Chau Giang va song Hong cach Ha
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Noi khoang 55 km. Theo nhiéu nguyén ctru
tai khu vuec Ha Nam ham lugng asen trong
nuée giéng khoan kidu UNICEF cao hon
tiéu chuin cho phép 21 dén 35 1an [6] tiéu
chudn 10pg/L.
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Hinh 2: Bdn d6 xd Chdu giang, Ha Nam

2. THUC NGHIEM

2.1. Héa chét va thudc thir

Sodium cacodylate (dimethylarsonic acid)

C,HgAsNaO,.3H,0, Disodium methyl

CH;AsNa,03-Sigma  Aldrich,
arsenate 7-hydrate

Na,HAsO,.7H,0O- Beijing Trung Quéc,

Sodium arsennite NaAsO,-MP Biomedicals

(NH4),HPO,  Di-

arsenate

Sodium

North America.



ammonium hydrogen phosphate, NaOH,
NH,OH- Mecrk (Ptrc). Nude cit siéu sach
cd dién tro 18,2 MQ Millipore, Khi Ar
>99.999% (>5.0) Messer- Singapor.

As(II), As(V),
monomethylarsonic (MMA) va
dimethylarsonic (DMA) Igram/L duogc
chuén bi nhu sau:

Dung dich chuin

Sodium cacodylate (dimetylarsonic acid)
C,HgAsNaO,.3H20 can 0.2855 gram,
Disodium methyl arsenate CH3AsNa,O; can
0.245 gram, Sodium arsenate 7- hydrate
Na,HAsO,.7H20 can 0.416 gram va
Sodium arsennite NaAsO, can 0.173 gram
dinh mtic 100mL béng nudce cit siéu sach
c6d dién tro 18,2 MQ Millipore cho vao
binh t6i dé lanh 4°C dung dich én dinh
trong 30 ngay.

Dung dich lam viéc (1) 10 mg/L duogc
chudn bi: Tir dung dich chudn 1 gran/L &
trén dung Micro pipet ImL hat chinh xac
ImL va dinh mac vao binh dinh mirc 100
mL béng nudc cit siéu sach co dién tro
18,2 MQ Millipore), dung dich nay dé bao
quan lanh 4°C c6 thé dung duogc trong 15
ngay.

Tt dung dich 1am viéc (1) 10 mg/L pha ra
cac nong do, 2pg/L, Spug/L, 10pg/L, 25ug/L
va

50ug/L dé xay dung duong chuin cho
phuong phap phan tich. Dung dich nay pha
hang ngay trude khi phan tich.

Dung dich ndi chuin Germanylgram/L
(Merck) pha xudng dung dich lam viéc
Img/L va thém 25uL vao 1mL dung dich
chudn va miu trudc khi bom vao hé théng
HPLC-ICP-MS, dung dich néi chudn c6
ndng do 25ug/L.

Dung dich chuén may: Mg, Rh, Ce, Pb, U,
In, Be, Co pg/L Perkin Elmer-My.

Axit HNOs;, H;PO, , NH,OH, MeOH -
Mecrk ( Ptrc).

Axit HNO; 2% (v/v) dugc pha tt HNO;
dac. Cho vao binh dinh murc¢ 1000 ml
khoang 500 ml nudc siéu sach, thém 20 ml
axit HNOs déac (ultra - high - purity grade )
vao va lic déu. Dung nudc cét siéu sach
dién dén vach dinh muc.

2.2. Thiét bi

May ICP - MS: ELAN 9000 Perkin Elmer,
M4y HPLC Altech -My. Cot sic ky:
Hamilton PRP-X 100 250mm- 4,6mm,
Vong bom mau (loop)100 uL, Micro
syringe 100 pL, Micropipet 10-100uL,
100-1000uL, 1000-5000uL, Eppendorf -
buc. Bo loc pha dong va bom chan khong
va mang loc 0.45um- ¢ 47mm. Binh dinh
murc 10, 20, 50, 100, 1000 mL Duran, Durc.
Hé thng day ndi gitta HPLC va ICP-MS.
Phan mém tinh todn Elan-9000 Perkin-
Elmer mode intensity versus time. Phin
mém v& sic dd va tinh toan dién tich va
chiéu cao cua pic OriginPro 8.5.

3. KET QUA VA THAO LUAN

3.1. Thu miu va bio quin mau

Thang 3 nam 2013 va thang 9 nam 2014
nhom tac gia tién hanh khao sat va thu gom
mau tai hai xa Chuyén Ngoai va Chau
Giang, huyén Duy Tién, tinh Ha Nam. Xa
Chuyén Ngoai c6 7 thon, xa Chau Giang co
10 thén chung toi tién hanh ldy mau déu
cho cac thon mdi xd ldy 50 miu. X&
Chuyén ngoai lay 36, (24) miu nu6e giéng
tho va 14, (26) mau qua hé thong loc cat
don gian, tuong ty nhu vay xa Chau Giang
liy 39, (27) miu nuéc giéng tho va 11, (23)
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mau sau loc. Mau dugc bom 1én sau 10
phat cho 6n dinh va thu vao chai PE thé
tich 350mL va dugc cb dinh béng axit
H;PO, 1:1 cho pH <2 duoc bao quan lanh
va chuyén vé phong thi nghiém trong 48
gio.

3.2. Két qua ICP-MS

Nhom tac gia tién hanh phén tich 200 miu
nuée giéng khoan biang ICP-MS dé thiy
dugc hién trang cac nguyén 6 kim loai
khac ton tai trong miu. Cac mau thd va sau
loc cat don gian ctia hai xd Chuyén ngoai
va Chau Giang duoc thé hién & bang 1 13
két qua trung binh cua sb miu trong hai lin
thu mau vao thang 3nim 2013 va thang 9
nam 2014.

Tir bang 1 cho thiy ham lugng trung binh

cuiia Asen tong sO trong mau nudc giéng tho

cia xa Chuyén Ngoai la 0,510 mg/L va
Chau Giang la 0,118 mg/L cao hon tiéu
chudn nuéc an udng gip

11,8 va 51 1an theo QCVN 01:2009/BYT.
Trung binh cidc miu sau loc cat don gian
ham luong asen, mangan va sit déu giam tir
8 dén 12 lan véi As; 2,3-2,8 lan v6i Mn va
9-29 14n v6i Fe. Cac mau tai x Chau giang
¢6 ham Iugng Na, Mg, K cao hon cac mau
tai x3 Chuyén Ngoai nhung ham lugng
Asen trung binh nho hon gip nim lan. Véi
cac mau duoc thu vao mua mua thang 9
nim 2014 ham luong asen thip hon trung
binh cua cic miu ldy vao mua kho thang 3
nam 2013.

Bdng 1: Két qua mot s6 nguyén té cé trong nude giéng khoan

Két qua trung binh (mg/1)

Nguyén  Xa Chuyén Ngoai, Duy Tién, Hd Nam Xa Chau Giang, Duy Tién, Ha Nam

t6 Al A2 Bl B2 Cl C2 DI D2
n=36 n=14 n=24 n=26 n=39 n=11 n=27 n=23
Ba 0,579 0,450 0,606 0,393 0,469 0,386 0,495 0,214
As 0,510 0,072 0,359 0,035 0,118 0,010 0,090 0,009
Se 0,002 0,002 0,002 0,002 0,006 0,006 0,009 0,008
Mg 25,41 24,66 24,33 20,98 36,28 35,37 33,40 26,70
Na 20,66 20,53 24,87 21,24 66,59 65,80 120,60 95,56
B 0,046 0,041 0,046 0,032 0,128 0,066 0,106 0,073
Ca 71,04 69,61 64,73 53,87 61,33 60,89 63,30 47,81
Fe 10,27 0,35 9,97 0,90 8,84 0,98 15,68 0,93
K 4,82 4,71 5,61 5,56 15,24 14,39 21,20 16,48
Mn 0,236 0,082 0,290 0,101 0,729 0,315 1,255 0,655
Zn 0,032 0,031 0,102 0,051 0,028 0,028 0,162 0,147
Ni 0,029 0,028 0,009 0,008 0,033 0,026 0,010 0,008
Pb 0,001 <0,001 0,001 0,001 0,001 <0,001 0,002 0,001

Al; Bl; Cl; DI1: mau chua qua loc, A2;B2;C2;D2: mau qua bé loc cat don gian,
Al:A2; C1:C2: mdu thang 3 nam 2013, B1;B2,; DI1;D2: mau thang 9 nam 2014,
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3.3. Diéu kién HPLC- ICP/MS

3.1.1. Diéu kién HPLC

Trong nghién clru nay nhom tac gia s
dung c6t tach Hamilton PRP-X100 kich
thude 250mm- 4,6mm cé khoang pH tur 2-
12, ap suét cot chiu duge 1a 150kpa~2000
psi. St dung pha dong dém Phosphate
((NH4),HPO4) c6 thém 3% v/v Methanol
theo tai lidu [4]. Cac yéu tb khao sat nhu
ndng do pha dong, pH cua pha dong, tbc do
dong cua pha dong, thé tich vong bom miu
va cac yéu td anh huong, giéi han phat
hién, gidi han dinh luong, xay dung duong
chuén va d¢ thu hdi ciia phuong phap nhém
tac gia di cong bd trong bai bao [6]. Sdc dd
phan tich bén dang asen As(IIl), DMA,
MMA va As (V) véi cac khoang ndng dd
2, 5, 10, 25 va 50pg/L thé hién & Hinh 3.
Khoang tuyén tinh cua duong chuin bén
dang asen As(IIl), DMA, MMA va As(V)
va duong nodi chuin Ge dugc thé hién &
Hinh 4 va Hinh 5 duéi day, Thoi gian luu
cua As(IIl): 203,5 gidy; DMA: 250,2 gidy;
MMA: 381,6 giay va As(V): 828,9 giay
duoc xac dinh tai s6 khdi 75 trén ICP-MS,
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chit ndi chudn Ge duoc tach trén cot
Hamilton PRP-X 100 250mm-4,6mm thoi
gian luu 226,84 giay va xac dinh trén ICP-
MS véi s6 khdi 74.

3.1.2 Diéu ki¢n ICP-MS va HPLC

Khio sat cac diéu kién t6i wu cia thiét bi
ICP-MS va diéu kién tach trén HPLC nhom
tac gia dua ra qui trinh cai dit cac thong sb
t6i wu cho qui trinh phan tich As(III),
As(V), onomethylarsonic acid (MMA) va
dimethylarsonic acid (DMA). Tin hiéu CPS
(counts per second) dugc tinh toan theo
phin mém Elan 9000 Perkin-Elmer theo
kiéu (Signal intensity versus time), s liéu
dugc tinh theo tin hiéu cuc dai ctia peak
(chidu cao cua peak) di trir di tin hiéu
duong nén. Sir dung phin mém OriginPro
8,5 v& sdc d9, tinh toan dién tich va chiéu
cao pic, duong chudn khoang tuyén tinh
cua bdn dang As duoc tinh theo ty s véi
chit noi chudn Ge 25 pg/L. Bang 2 dudi
day 1a diéu kién cho ICP-MS va HPLC cho
phuong phap phan tich bén dang cua Asen
trong miu nudc giéng khoan.
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Hinh 3: Scc do As(ITT), DMA, MMA va As (V), nong d@é 2, 5, 10, 25 va 50ug/L,
Diéu kién: 12,5mM (NH,4),HPO,: 3% v/v MeOH, pH: 8,5; Thé tich bom mau:100uL; Téc do
dong: 1,5mL/phut.
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Hinh 4: Puong chudn As(IIl), DMA, MMA va As (V) tir 2-50ug/L,
As(IIl):y= 0,0412x + 0,003;
DMA: y= 0,0502x+ 0,0004;
MMA:y= 0,0590x+ 0,0015;
As(V): y=0,0571x+ 0,0014

—Ge
———hnen
—F1
2500 -
— D1
—C1
2000 -
. 1500
(72}
o
2
& 1000
500 -
0. .
T T T T T T T T T T T
0 200 400 600 800 1000

times (s)
Hinh 5: Sdc do Ge nong dé 25ug/L n=5

Piéu kién: 12,5mM (NH,),HPO,: 3% v/v MeOH, pH: 8,5;
Thé tich bom mAu:100uL; Tc d6 dong: 1,5mL/phiit.
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Bang 2: Piéu kién cho ICP-MS va HPLC xdc dinh bén dang As

ICP-MS Elan 9000 -perkin-elmer

Rf Power
Nebulizer-Spray chamber
Ton sampling
Sampler cone
Skimmer cone
Argon flow rate
Outlet 15 Vmin
Acrosol carrier 0.49Vmin
Pressures
Expasion
Quadrupole chamber
Detector voltage
Time Resolved Acquisition
parameters

1050W

Ryton ™ coross-flow nebulizer and Scott spray chamber

Platium 1mm orfice
Platfum 0.75mm orfice

1.45mbar
3.0%10 mbar
(-2050V)

Dwell time per mass Foms
Data acquition mode Signal mtensity versus time
HPLC

Anion- exchange column Hamilton PRP-X 100 (250 x4.6mm LD)
mobilphase 12.5mmol (NHy):HPO- in water with 3 % v/v MeOH
oH 8.5 bing NH,OH
Flow rate 1.5mL min-1
Injection volume 100pL

CPs

w1409.3931.20

—AS75
—Ge74

0 500 1000 1500

tgian (s)

Hinh 6: Scc do phén tich mau w 1409.393 di pha lodng 20 lan. Piéu kién: 12,5mM (NH,),HPO,:
3% v/v MeOH, pH: 8,5; Thé tich bom mau:100pL; Tée d6 dong: 1,5mL/phut.

3.4. Phan tich miu bing HPLC-ICP/MS
Phan tich hai dot mau thang 3 nam 2013 va
thang 9 nim 2014 mdi dot 100 mau nudc
giéng khoan ctia hai xd Chuyén Ngoai va
Chau giang huyén Duy Tién tinh Ha Nam
két qua duogc thé hién tai bang 3.

MaAu nuéc duge loc qua mang loc 0,45um
va dugc bom vao hé théng HPLC-ICP-MS
v6i thé tich bom miu 100 pL, miu c6 ham
luong cao duoc pha lodng bang chinh pha
dong HPLC. Séc db trong Hinh 6 thé hién
mau nude giéng chwa qua loc cat tai xa
Chau Giang huyén Duy Tién, tinh Ha nam
¢6 ki hiéu ma héa cia phong thi nghiém la
W1409.393.f20 cho thdy ham lugng AsIII
trong mau 1a 315 pg/L gip hon ba muoi

1n, ham luong As V 1a 104 pg/L  gip 10
1an so v&i tiéu chuan.

Tur bang 3 cho thiy ham luong As tdng sb
va ham luong As III trong thang 3 vao mua
kho cao hon thang 9 mua mua & ca hai xa
Chuyén Ngoai va Chau Giang, Tai xa
Chuyén Ngoai c6 vi tri dia Iy cach song
Hong ham lugng As téng sb va As III cao
hon 3-5 1an so voi x3 Chau Giang c6 vi tri
dia 1y cach séng Chau Giang. Cac mau
nuée giéng qua loc cat ham luong As tong
s6 va As III déu giam riéng mua mua As
tébng sb trong khoang 9-35 pg/L  Trong
mau nudc giéng khoan chi phat hién duoc
As III va As V khong phat hién dugc cac
dang As hitu co nhu DMA va MMA.
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Bdng 3: Két qua As III va As tong sé tai hai xd Chuyén Ngoai va Chdu Giang

Nudc giéng tho

Nude giéng qua loc

As III pg/L T, As ug/L As III pg/L T, As pg/L

thang 3 thang 9 thang 3 thang 9 thang 3 thang 9 thang 3 thang 9
Chuyén Ngoai
Trung binh 425 332 510 359 39 9 72 35
Khoangnd  32-670 2-589 38-855 12-682 <2-98 <2-34 18-182 4-83
n 36 24 36 24 14 26 14 26
Chau Giang
Trung binh 79 67 118 90 5 5 10 9
Khoang n,d 2-420  2-284  2-510 5-409 <2-18 <2-6 2-55 1-30
n 39 27 39 27 11 23 11 23
4. KET LUAN (cac hop chit co kim) trong miu mdi truong

Trong bai bao nay nhom tac gia da xac dinh
duoc d(‘Sng thoi bdn chét cac dang tdn tai cua
Asen la As(III), As(V), monomethylarsonic
(MMA) va dimethylarsonic (DMA) trong
mau nudc giéng khoan tai hai xi Chuyén
Ngoai va Chau Giang huyén Duy Tién tinh
Ha Nam.

Tién hanh phan tich 200 mau thuc té duoc
liy tai cac giéng khoan tai hai x vao hai
mua kho va mua mua déi v6i miu chua qua
loc va miu qua loc cat. Ham luong As tong
s6 510 va 359 pg/L tai xd Chuyén Ngoai ;
118 va 90 pg/L voi xa Chau Giang tuong
tng v6i mau chua qua loc. Mau di qua loc
cat la 72 va 35 pg/L voi xa Chuyén Ngoai;
10 va 9 ug/L
lugng AsIII trong mau tr 83-92% véi xa
Chuyén Ngoai va 69-74% véi xa Chau
Giang v6i mu chua qua loc, Khoang tuyén

véi x4 Chau Giang, Ham

tinh cua duong chudn tir 2-50 pg/L hé sb
tuyén tinh cua duong chuén 1a 0,999x.

D3 két ndi thanh cong hai thiét bi phan tich
hién dai 1a HPLC va ICP-MS dé mé ra mot

huéng phan tich dang tn tai cac kim loai
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va sinh hoc.

Loi cam on: Nhom tac gia chian thanh
cam on Vién Han lam Khoa hoc va Cong
nghé Viét Nam da cép kinh phi thwe hién
dé tai mi sb VAST 07.04/13-14.
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