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1
MO PAU

Phan tich dang cua cac nguyén té 1a yéu cau rat quan trong dé danh gia
6 nhiém sinh hoc va mai truong, nghién ciru qua trinh trao d6i chat va tich liy
sinh hoc, nghién ctu qua trinh dia hda. Phan tich dang caa cac nguyén té khong
chi cung cép théng tin vé ham lugng cu thé ma con gilp danh gia doc tinh, qua
trinh trao d6i chét cua cac ddi twong va céc chat trong méi truong va sinh vat.
Mot s6 nguyén té gay & nhiém mang doc tinh cao nhu Hg va As dem lai mot
s6 bénh trén co thé con nguoi. Ching chuyén hoa qua cac dang do tac dong cua
cac yéu té moi trudng.

Thay ngan (Hg) 1a mot nguyén té noi tiéng vé doc tinh caa no, dac biét
la chat doc than kinh. Trong tu nhién, Hg dugc giai phong ra méi trudng théng
qua nui lra hoat dong va phong hoa da. Tuy nhién, hién nay, lugng khi thai Hg
tu nhién chi 1a mot phan nhé so véi lugng khi thai lién quan dén cac hoat dong
ctia con nguoi. Cac nguén Hg do con nguoi tao ra bao gom khai thac mo, dot
than, cac quy trinh cong nghiép khac nhau va xt Iy san pham Hg thém vao [1,
2]. Sau khi dugc giai phong, Hg c6 thé dén moi truong nuéc thdng qua su lang
dong trong khi quyén, thai truc tiép, dong chay va x6i mon céac 16p bi 6 nhiém
[3, 4]. Tai day, n6 duoc loai bd mét cach hiéu qua boi cac hat va lang xubng
cac 16p tram tich dudi day, hoat dong nhu mot bé chira 6 nhiém do con nguoi
gay ra [5] va co thé dat nong do Hg cao hon vai bac so véi nén tu nhién [6].
Nho viéc thuc hién Cong udc Minamata, viéc mo ta dic diém cua cac dia diém
nay dang nhan duoc sy chil ¥ ngay cang tang trén toan thé giéi [7] nhu mot
cong cu dé danh gia cac kiéu phan tan Hg c6 thé cd va nguy co phoi nhiém doi
Vvéi con ngudi va dong vat hoang da, cha yéu lién quan dén sy hinh thanh metyl
thay ngan (CHsHg") [6].

Cac hoat dong khai thac khoang san va vang van 1a nguon cung cap Hg
dugc cdng nhan rong rai d6i voi tram tich ¢ ha luu [8, 9], dic biét 1a hoat dong
khai thac Hg trong lich st [7, 10, 11], trong khi nguoi ta ngay cang quan tam
dén viéc danh gia tac dong ctia nd dbi vai moi trudng xung quanh caa viéc su
dung Hg trong khai thac vang thii cong quy mé nho & cac nude dang phat trién
[12-15]. Déi vai cac hoat dong cong nghiép, cac nha may hda chat sir dung Hg
la ngudn gay 6 nhiém dang chua ¥ [16, 17], nhung viéc giai phéng kim loai nay
c6 thé xay ra thong qua mot loat cac hoat dong ciia con ngudi,vi du nhu luyén
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kim loai [18], loc dau [5], d6t than [4], xa nuéc thai sinh hoat va céng nghiép
[19].

Asen (As) 1a mot 4 kim doc hai va gay ung thu c¢6 ngudn gdc ty nhién
lién quan dén qua trinh hoa tan khoang chat, khi thai ndi lira va hoat dong dia
nhiét [20]. Mét Iugng I6n As do con ngudi tao ra ciing da xam nhap vao moi
truong tir cac hoat dong khai thac trude day, duoc pham va thay tinh trong cac
nganh cong nghiép, luyén kim loai, san xuat thubc trir sau va thudc diét co, san
xuat chat bao quan da va g cing véi viéc sir dung nhién liéu hoa thach [20].
O nhiém dat, tram tich, nuéc mat va nudc ngam [21, 22] cha yéu la do qua trinh
loc As tir tan du mé & di san cua lich sir khai thac khong chi sunfua, chang han
nhu As nguyén sinh mang cac khoang chét nhu realgar (AsS), orpiment (As;Ss)
va arsenopyrite (FeAsS), ma con khai thac vang. Qua trinh rang quing c6 thé
chuyén d6i nghi thirc arsenopy chira vang thanh oxit Fe chira vang, tir d6 vang
c6 thé duoc chiét xuat bang cach xyanua hda. Sy giai phong khi quyén caa
As,0; dé tiép can sinh hoc hon nhu mét san pham phu caa hoat dong luyén
quang sau d6 c6 thé dan dén sy lang dong trén khdng ciia nd trong méi truong
trén can va dudi nudc [20].

MJi dang ton tai caa As, Hg déu ¢ nhitng dic tinh khac nhau, chi xét vé
phuong phap phan tich tong ham lugng thi chua dua ra duoc bang ching vé
doc tinh, sinh kha dung. Chinh vi vay cho nén can phan tich dang ton tai caa
As va Hg 1a diéu hét sic can thiét. Vi phuong phap phén tich ddng thoi cac
dang As, Hg s& t6i uu duogc thoi gian, chi phi, két qua caa phép do phan tich.
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Chuong 1. TONG QUAN
1.1. Téng quan vé Asen

Asen 1a mot nguyén t & kim & 6 s6 33 ¢6 sb khéi 74,92 va thuéc nhom
5A chu ky 4 trong bang tuan hoan cac nguyén té héa hoc con ¢ tén goi khac
1a thach tin. Ngoai ra, trong cudc séng chung ta déu tiép xtc véi ching & céc
dang khac nhau ton tai trong thuc pham, nudc udng, moi trudng dat va khdng
khi. Asen hitu co c6 doc tinh thap hon hon asen vé co vi vay cac dang asen s&
anh huong mic do khac nhau Ién stiic khoe con nguoi [23-25].

1.1.1. Céac dang As va s chuyén hoa

Asen c6 thé tao hop chat hda tri dang ban kim loai hodc dang anion. Asen
t6n tai & bdn trang thai oxi hda: -3, 0, +3 va +5. Asen nguyén té c6 hai déng vi
5As (dong vi bén) va "8As. Asen c6 bon dang bién thé gdm hai bién thé két tinh
va hai bién thé an tinh, trong d6 bén viing nhat 1a cac dang bién thé két tinh hay
con goi la asen xam. O dang hitu co thi phat hién ra hon 25 loai asen hiru co
trong cac mau mai trudng [26].

i Monomethyl Dimethyl
Arsenate Arsenite ! arsonic acid arsinic acid
_ : CHa CHa
reduction reduction |
oxdation methylation Il
5|, 6o |
1 R (Cacodylic acid)
50‘9{"0“ 2 ! reduction
g
+ Fe ASSE_ i . o
adsorp. : methylation | | oxidation
pptn. |
{also microbial reduction) | PP
[}
o
FEASO,; ﬁSzSg E CH3 CHg
i H—Ls —CH, cHa—;Ls—cHa
I
i Dimethyl arsine Trimethyl arsine

Hinh 1.1. Cdc dang ciia As va si chuyén hod cia chiing trong méi truong.

Asen nguyén t va asen trioxit 1a thanh phan chinh dugc tim thay trong
tram tich. Asen trioxit 12 san pham cua qua trinh luyén quing va la ngudn goc
tao thanh cac dang asen khéac. Asenat 12 dang asen v6 co 6n dinh nhat trong
dat va nudc. Asenat va asenit cd thé bién doi dé dang dudi cac diéu kién oxy
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hoa va khir. Qua trinh oxy hoa asenit thanh asenat trong dat xay ra dudi tac
dung cua vi hoic duoc xuc tac boi Mn(1V) va sit (I11) oxit. As(V) duoc 6n dinh
bang cach cong két véi Fe* hoiac MnOs..

MnO; + HAsO; + 2H*= Mn?* + H3AsO,
2Fe**+ HAsO; + 2H,0 = 2Fe?* + H3AsO, + 2H*

Tinh acid va base cua arsenic acid va arsenous acid quyét dinh dén dang
tdn tai va tinh chat cua no.

Arsenic acid
H3AsO, + H,0 = H,AsO, + HzO*
H,AsO4 + H,0 = HAsO4% + H30"
HAsO4% + H,0 = AsO,* + Hz0*
Arsenous acid
H3AsO; + H,0 = H,AsO3+ H3O*
H,AsO3+ H,O = HAsOz? + HzO*
HAsOz* + H,0 = AsOz* + H;O*

Trong khoang pH tir 4 dén 8, dang asen 6n dinh nhét trong dat 13 HAsO,
(pH = 2-7), HAsO4% (pH>7) va H3AsO; (pH<9). Khi ha thé kht xudng duéi
300mV & pH = 4 hoic dudi -100mV ¢ pH = 8, H3AsO; la dang asen on dinh
khi vang mat t4c nhan tao phtc va cac sinh vat xuc tac cho su metyl hoa.

H.0 Unstable




5

Hinh 1.2. D6 thi pE-pH ciia hé As-H,0 & 25°C.

Sy ¢6 mat cua sulfua trong diéu kién khir c6 thé 1am két taa asen trong
nuéc sdng, hd va tram tich bién dudi dang As,Ss. Dang sulfua trong méi trudng
khtr di kém theo qua trinh khir As(V) thanh As(111). N6i mot cach khac, ngudn
g6c cua sulfua 1a do qué trinh oxy héa véi sy giai phong As vao moi truong
xung quanh [27]. Qua trinh oxy héda asenit thanh asenat la mot trong nhiing
cach ty bao vé cua vi sinh vat. Nhung cling c6 mot loai vi khuan c6 thé khua
asenat thanh asenit trong diéu kién yém khi. Mot luong dang ké asenat bi khix
thanh asin trong dat giau glucozo va uré. Mot sb loai dét giai phong ra asin tur
asenit trong diéu kién yém khi [28].

Thong thuwong, cac dang asen v co duoc tao thanh tur cac sinh vat tu
dudng nhu tao. Sy metyl hoa duoc coi nhu 1a qua trinh giai doc caa cac sinh
vat. Sy thoai hda cua cac dang metyl boi qua trinh quang hoa ciling duoc nghién
ctru. Su metyl hda boi nAm va vi khuan tao thanh monomethylarsonic acid,
dimethylarsinic acid (cacodylic acid), trimethylarsenic acid hay trimethylarsine
[28]. Trimethylarsine duogc tao thanh do su phat trién cua nam méc trén giy
dan tuong véi chat mau asen dan dén mot sé anh hudng doc hai & Anh va bac
cling nhu 1a & My vao thé ky XIX. Challenger da dua ra co ché qua trinh metyl
hoa asen bai nAm maoc va cac gia thiét khac trong bao céo caa minh, 6ng cho
biét qua trinh metyl hoa asen lién quan dén sy chuyén nhém metyl tir cac hop
chat metyl hoa [29]. Trong bao cao dau tién caa minh, Challenger nhan thay
rang: vi khuan khéng metyl hoa asen.

Nghién ctru dau tién tao ra asin do vi khuan dugc cong bd vao nam 1971
[30]. Ngay sau d6, mot s vi khuan tao ra asin da duoc nhan dang. Cullen va
Reimer di dua ra co ché chuyén hoa day du cua cac dang As dudi tc dung cua
vi sinh vat [28]. Qua trinh metyl hda asen hiru co dugc nghién ciu trén vi khuan
loai methanogenic - loai vi khuan tao ra metan nhu 1 san pham cudi cing cua
quéa trinh chuyén hoéa trong diéu kién yém khi. Cac phan tng cua vi khuan
thuong tao ra dimetylasin - mot hop chat on dinh khi thiéu oxy. Asin va
metylasin khong 6n dinh va dé bay hoi trong khong khi. Asin 1a mot loai khi
ddc, c6 mui dac trung caa toi. Asin bi phan huy theo phan tng:

AsH; = 1/n Asn + 1,5H; + 66,5 kJ
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Mot vai nghién ctiu vé su chuyén hda sinh hoc caa cac dang asen co doc
tinh cao thanh methylarsonic acid va dimethylarsinic acid c6 doc tinh thap hon
da duoc cdng bd [31]. Cac hop chat cia asen trong dong vat, thuc vat, vi khuan
va nam duoc chuyén héa thanh céc dang asen hitu co phac tap hon nhu
asenobetain, asenocholin, asenosugar va ion tetrametyl asonium va mot sé dang
asen khac con chua dugc xac dinh [32]. Con ngudi ¢6 thé bi nhiém doc asen vo
co tir khong khi, nuéc va thire an tu nhién. Doc tinh caa cac hop chat asen vo
co hap thu vao co thé con ngudi qua hé hd hap va hé tiéu hoa phu thudc vao do
tan cua nd trong nudc: arsenic oxide, sodium arsenite va sodium arsenate
chuyén vao trong co thé nhanh hon véi muac d6 16n hon arsenic sulfide va chi
arsenate. Vi co thé con ngudi, kha ning hap thu cac dang asen v6 co hoa tri
111 va V vao hé tiéu héa ciing rat nhanh va lén [33].

C6 tai liéu cho thay rang su hap thu asen qua da rat thap (1% vao co thé).
Céc dang asen hiru co nhu monomethylarsonic acid (MMA) va dimethylarsinic
acid (DMA) bi hap thy rat 16n (80%) qua duong in udng [23, 25]. Khi bi phoi
nhidm tir moi trudng, asen phan bd hau hét trong cac co quan ndi tang, tuy
nhién & céc té bao c6 chtra chat stmg cao nhu 13 toc va mong tay thi ndng do ¢6
thé tang rd rang. Nguoi ta nhan thay ¢ nhiing viing khac nhau, trong nhitng moi
truong séng khac nhau thi nong do asen ciing khac nhau. Mot tai liéu khac ciing
dua ra sy tich lily asen trong mé phu thudc vao tudi ma khong phu thugc vao
gidi tinh. Sau khi dao thai, ndng do asen trong gan va than ting cao hon so véi
cac co quan khéac [34]. O té bao ngudi bi nhidm doc cao, ty 16 MMA/DMA
khoang 2,5 dén 3 va ty 16 MMA chiém 10 dén 30% tong ham luong asen trong
té bao. Nhiing kién thirc vé su chuyén hda sinh hoc cia asen trong dong vat co
vU con gidi han trong cac dang vo co, cac nghién ctru trén ngudi tinh nguyén
va cac dong vat trong phong thi nghiém chi ra sy hap thu nay twong ty nhu qua
trinh hap thu bang dudng tiéu hda hay tiém truc tiép vao tinh mach. Céc dit liéu
vé su chuyén héa sinh hoc dugc nghién ciu cha yéu tir sy chuyén hoa nuée
tiéu vi gan 1a bo phan dao thai chinh cia co thé dong vat. Trong khi d6 & vi
sinh vat, arsenate vo co trai qua budc khir hoa va oxi hoa di kém véi qué trinh
metyl hoa dé hinh thanh cac dang mono-, di- va tri-methyl asen [35], tuy nhién,
& ngudi va dong vat co va khac, chi quan sat thiy hai budc dau tién cua qué
trinh chuyén hda, hinh thanh nén monomethylarsonic acid (MMA) va
dimethylarsinic acid (DMA).
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DMal (DMAY) (MMA™
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Hinh 1.3. Qud trinh chuyén hod As trong co thé.

Cac hop chat dang thiol (cystin, dithiothereitol) c6 thé khir asen hoa tri
V trong té bao co thé song, glutathion dang khu 14 tAc nhan quan trong trong
cac budc khur hda, con S-adenosyl-L-methionin hay Vitamin B12 va cac dang
metyl hoa khéac cung cip nhom metyl dé hinh thanh nén dang As hiru co [23,
25]. Enzym gan metyl vao asen duoc tim thay ¢ nhiing to chire khac nhau, nhu
cytosol trong gan duoc biét 1a mot ngudn enzym hoat dong tét nhat, cac enzym
chuyén hoa arsenite va methylarsonous acid trong gan tho va chuot da duoc
tinh ché va xac dinh céc tinh chat dic trung. Hai dang MMA va DMA duoc
biét dén 1a hai dang As hitu co chi yéu trong nudc tiéu, nhung cho dén khi Le
va céc cong sy chimg minh duoc su ton tai cia MMA va DMA trong nudc tiéu
ngudi & Noi Méng C6 [31]. Su ¢6 mit cua asen metyl hoa tri III trong nudc
tiéu 1a do xur Iy voi tac nhan tao phic dugc phét hién dong thoi véi MMA.,

Tuy nhién, cho dén hién nay, cac hop chat metyl asen khong duoc tim
thiy trong nudc tiéu cua ngudi d6i ching 1a ngudi tiép xdc véi nudc udng co
ham lugng asen thap (< 10ug/l) [23, 36, 37]. Qua trinh metyl hoa asen vo co
hoa tri III duoc nghién ctru trén co thé con ngudi di dong gop 7,14ng Aslkg
trudc va sau khi kiém tra. Sau 24 gio hap thy, 30 va 22% luong As di dugc bai
tiét vao nudc tiéu trudc va sau khi kiém tra. Su khac nhau vé ty Ié cac dang
asen da duogc chiing minh: dang khong chuyén hda va dang chuyén héa mono
va dimetyl hoa chiém 63, 13, 24 va 38, 23, 39% trong nudc tiéu trudc va sau
khi kiém tra. Diéu nay rat quan trong d6i v&i qua trinh bai tiét As qua su chuyén
hoa ¢ gan va than. Trong suét bon ngay, sau khi mét lidu luong (7,14pg As/kg)
ctia NaAsO; [38], MMA hoic DMA thi c6 46, 78 va 75% duoc bai tiét vao
nudc tiéu, cling v6i thoi gian nhu vay, mot nira luong asen da bai tiét ra dudi 4
gio vai truong hop cuia MMA, tuong duong vai 11 gio véi DMA va 28 gio Vi
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NaAsO,.Khi asin cd thé di vao co thé con ngudi qua con dudng hd hép, su
chuyén héa cua asin bai tiét vao nudc tiéu gidng nhu sy chuyén hoa sau khi
hap thu c4c dang asen v6 co khac.Con ngudi c6 thé hap thu cac dang As hitu
co sau khi dn ndm va d6 bién. Ching s& nhanh chéng bi bai tiét vao nudc tiéu,
mot s6 bo qua su chuyén hoa thanh asenobetain va asenocholin, nhung mot s6
truong hop khéc cé thé bién doi thanh DMA va dao thai ra khoi co thé [39].

1.1.2. Anh hwéng ciia As téi co thé con ngudi

Trong lich str da ting st dung Asen trioxit (As,Os) dé giét nguoi va tu
sat. Asen vo co da bi cam ding khi xir Iy bénh nim ngoai da trong muoi nam
tré lai day, nhung As;O3 Van duogc dung dé diéu tri bénh bach cau cap tinh va
asen hitu co dugc sir dung dé diéu tri bénh Ky sinh tring, mac du doc tinh caa
asen da dugc cdng nhan. Trong cac co thé séng, cac dang tan cua asen vo co
hoa tri V c6 thé canh tranh vai phdt phat va chi trong cong thuac 1-aseno-3-
photphoglycetat, chat ¢ kha nang tu thiy phan ma khdng can san pham ATP,
hon nira, ching rat dé bj khir thanh As(l11), dé lién két véi nhom thiol (-SH)
lam mat hoat tinh cac enzym quan trong san sinh ra ATP bai phan ang photpho
hoa.

Ning luong sinh ra khong di kém véi su e ché cua cac enzym thiol ma
c6 thé gay anh huong dén chirc ning cua cac té bao. Enzym thiol nhu 13
lutathion peroxi va enzym khir hod thioredoxin kha nang kim ham dang mono,
dimetyl asen hoéa tri III hon 1a dang asen v6 co cung hoa tri, cic hop chat lién
quan dén su chuyén hoa cta asen vo co c6 thé cat va pha v ciu tric xoin 6¢
cua ADN X17.

Tinh kich @ng manh caa As(111) 1én co thé séng va kha nang @c ché manh
giai thich cho triéu chiing co that da day, nhiéu loan tim mach, chirc ning cua
hé thdng than Kinh va c6 thé dan dén chét néu nhiém doc nang. Mot vai nghién
ctru V& bénh dich da chi ra rang néu tiép xtic thudng xuyén véi asen c6 thé gay
ra ung thu. Tiém ning ung thu phdi ting 1én vai cong nhan va nhimg ngudi dan
séng & ving cong nghiép co thai ra asen, nguy co nay sé cang ting ddi voi
nguoi hit nhiéu thude 14. Trong cac nghién ctiru vé ngudn nude nhiém As, nguy
co vé ung thu da, phdi, bang quang va than ciing tang 1én. Bén canh cac anh
huong nguy hai, cac réi loan xay ra trong co thé ciing lién quan dén doc tinh
cua asen. Khi c6 mit trong cac bo phan cia co thé, asen 1am suy yéu nhiéu co
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quan nhu hé hd hap, hé tim mach, hé tiéu héa, hé duong huyét, gan, da, hé than
kinh va hé di truyén.Trong nhitng nam gan day, nguoi ta dd chitng minh rang
str dung nudc sinh hoat nhidm asen cao cd thé lam ting kha ning ngh&n mach
mau va bénh dai thao duong.

Gidi han cho phép cua asen di voi con ngudi 12 1pg/g thuc pham khé.
Hién nay, diéu nay da khong con thich hop dbi véi con ngudi. Dua vao céc
nghién ctru trén dong vat cho thay lugng asen khong gay doc cho dong vat nam
trong khoang 25 dén 50 ng As/g thuc pham nhung ciing chua chi ra 1 13 d6i
véi dang asen ndo. Ché do an udng nay tuong duong véi khoang 20pg As trong
mot ngay. Ché d6 an ubng cua con nguoi thuong chira khoang 12 dén 50ug As
trong mot ngay, Vi vay, qui dinh vé asen cho con ngudi tir ngudn thuc pham va
nuéc udng di vuot qua gidi han cho phép ddi vai stuc khoe. Ngay nay, sy nhidém
doc asen & mot s6 khu vuce di gay anh huong nghiém trong dén hé sinh vat va
suc khoe con nguoi.

Nuwéc uéng

T6 chuc y té thé gioi dua ra giéi han ham luogng asen cho phép trong
nuéc udng 1a 10 pg/l, Cong doéng chung Chau Au cho phép ham luong asen
trong nuéc udng 1a 10 pg/l (tieu chuan cua Bac 1996), con & My cho phép la
50 pg/l. Nhung vao ngay 31 thang 10 nam 2001, t6 chic bao vé méi truong
cia My (EPA) dua ra tiéu chuan giéi han asen cho phép 1a 10 pg/I.

Thuec pham

O Ha Lan, lugng asen cho phép dua vao trong co thé 1a 12 pg/ngay.
Nriagu cho biét rang ché do an ctia ngudi truong thanh & My ¢6 chira khoang
48 g As trong mot ngay. Nguon gdc chinh 12 tir cac thuc pham sir dung hang
ngay: thit, ca va gia cam. Asenical — arsanilic acid va roxarsone - duoc phép sir
dung nhu thuc pham chitic nang trong thirc dn dé kich thich sinh truéng cho
dong vat & My.

1.1.3. Mot s6 phwong phap phén tich As

1.1.3.1. Phwong phdp quang phé hdp thu nguyén ti

Phuong phéap phd hap thu nguyén tir ngon lira (F-AAS) x4c dinh asen bi
han ché caa qué trinh nguyén tir héa nén c6 d6 nhay khong cao (1mg/l), va
khong sir dung k¥ thuat nay dé xac dinh asen trong mau méi truong. Bén canh
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d6, phuwong phap pho hap thu nguyén tir khdng ngon lira (GF-AAS) truyén
théng da duoc dung dé xac dinh asen trong cac miu mai trudng. Khi st dung
cac chat cai bién hoa hoc khac nhau thi do nhay caa asen ciing khac nhau.

Cac mudbi nitrat caa niken, paladi, magie hay hdn hop cua cac chat nay
thuong dugc sir dung 1am chat cai bién hoa hoc dé loai trir su thing hoa cua
asen trong qua trinh tro hda va cho tin hiéu 6n dinh.Ngoai ra, phuong phap F-
AAS két hop véi ki thuat hydrua hda lai 1a mot trong nhitng phuong phap phd
bién nhat duoc st dung dé xac dinh asen trong cac mau méi truong. Uu diém
ctia phuong phap nay 1a khi b hydrua hoa két néi véi hé thong hap thu nguyén
tor da 1am tang dwoc gii han phat hién cia phuong phap 100 1an. Ky thuat
hydrua hoa dua vao phan ¢ng tao hoi asin bang hdn hgp Zn/HCI hoac
NaBH/HCL. Sau d6, hoi asin duoc khi mang (nito hodc agon) dua vao hé théng
phat hién. Nhung can phai kiém soat pH cia méi truong khir chat ché vi kha
nang tao hydrua caa As(l11) va As(V) phu thudc vao pH cua dung dich. O pH
= 5, chi c6 hop chat As(l11) bi khir thanh hoi asin. O pH <1, arsenic acid,
dimethylarsinic acid va monomethylarsonic acid cling tao hoi asin.

1.1.3.2. Phwong phdp quang phé phat xag nguyén ti siz dung nguon
ICP

Phuong phap ICP-AES sir dung nguon plasma ¢ nhiét do khoang 5800°C
dén 7800°C lam nguon kich thich. Chat phan tich dugc dua vao nguon plasma
& dang sol khi. O viing nhiét do cao cua plasma, cac dang phan ta, nguyén ti
va ion & cé4c trang thai nang luong khac nhau tao ra pho phat xa ciia nd. Nguoi
ta dua vao pho phét xa dé dinh tinh va dinh lugng chat phan tich. Gigi han phat
hién asen bang ky thuat nay 1a 30 ug/L.

1.1.3.3. Phuwong phdp khoi pho nguén cam sng cao tan Plasma (1CP-
MS)

Phuong phap ICP-MS a4 mét trong nhimg phuong phap pho bién nhat
dé xac dinh asen do c6 gigi han phat hién cao, kha ning xac dinh dong thoi
nhiéu chat phan tich va khoang tuyén tinh rong. Khi din mau phan tich vao
ngon lira plasma, trong diéu kién nhiét do cao cua plasma, chat phan tich trong
mau bi hoa hoi, nguyén tir hoa va ion hoa, tao ra ion duong c6 dién tich +1 va
cac electron ty do. Thu va dan dong ion nay vao thiét bi phan giai pho dé phan



11

chia chiing theo sb khéi (m/z) s& tao ra phd khdi cua nguyén tir chat phan tich.
Sau d6, danh gia dinh tinh va dinh lugng phé thu dugc. Trong truong hop xac
dinh asen, & nhiét do 7500K, khoang 50% asen dugc ion héa thanh As* va
dinh lwong dé dang, nhung néu ham luong Cl trong mau phan tich cao s& gay
anh huong tin hiéu caa asen do tao ra manh ion “°Ar35CIl*. Mudn loai trir anh
hudng cua manh ion nay, co thé sir dung phuong phap do thém khi phu tro oxi
do manh As*0 thanh sé khdi 91 dé loai bo sy tring khéi.

1.1.4. Mot s6 phwong phap phén tich dang As

1.1.4.1. Phwong phdp phan tich dgng As bang sdc ki léng hiéu ning
cao ghép néi véi hé quang phé phat xa nguyén ti s dung ki thudt hydrua
héa (HPLC-HG-AFS)

Cac dang As dugc tach trén cot sic ky caa HPLC dugc ghép ndi vai hé
théng hydrua héa va detector huynh quang nguyén tir. Sau khi tach As trén cot
sac ky, chung duoc dan vao hé théng hydrua hda bang mot bom nhu dong. Cac
hydro méi sinh khir cac dang asen nay thanh hoi va duoc khi Ar cudn sang
ngon lra plasma. Hoi As dugc nguyén tir hoa thanh dam hoi nguyén tu tu do.
Chung duoc kich thich tir nang luong thap 1én nang luong cao hon sau dé tré
vé trang thai nang luong trung gian. Khi tro vé mic ning luong thap ching
phat quang tao thanh pho huynh quang nguyén tir [67].

Meihua Guo va dong nghiép da tién hanh nghién ciru “Xac dinh cac loai
asen trong huyét tuwong va té bao mau cua bénh bach cau cap dong tiy (APL)”
bang phuwong phap HPLC-HG-AFS [40].

Phuong phap phan tich bon dang As gom As(l11), DMA, MMA, As(V)
trén cot trao doi anion trong vong 6 phit véi phuong phap rira giai dang dong
st dung pha dong chira 13 mM CH3COONa, 3 mM NaH,PO,4, 4 mM KNO; va
0,2mM EDTA-2Na.

Céc phuong phap cung cap pham vi tuyén tinh tir 2,0-50 ng/mL d6i voi
bén loai asen. Do thu hdi dao dong tir 81,2%-108,6% va hé sd bién thién cho
d6 chinh xac 9,3% dén 12,5%.

Cac mau huyét tuong duoc xir Iy bang cach lay chinh xéac 450 pL mau
huyét twong vao dng falcol sau d6 thém 50 pL HCIO4 (20%) dé khir protein,
sau d6 1a qua trinh lic xody trong 120 gidy. Sau d6, hdn hop duoc ly tam lanh
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& tde d6 15000 vong/phdt trong 15 phit & nhiét dd 4°C. Lay dich phia trén dem
tiém 100 mcL vao hé théng HPLC-HG-AFS [40].

1.1.4.2. Phwong phdp phan tich dgng As bang sdc ki léng hiéu ning
cao ghép néi véi hé quang phé hdp thu nguyén ti si dung ki thudt hydrua
héa (HPLC-HG-AAS)

Cac dang asen sau khi duoc tach trén cot sic ky cua thiét bi HPLC s&
duoc dan tryc tiép vao bo hydrua hda cua thiét bi AAS. Sau d6, ching dugc
dan sang bo nguyén tir hda mau bang khi Ar, nguyén tir héa thanh d¢am hoi tu
do. Chiéu mot chum sang don sic di qua dam hoi nay, do cudng d6 dong cua
chim sang chiéu qua ta thu dugc pho hap thu nguyén to.

Mariella Moldovan va cong su di tién hanh “Phan tich ham luong dang
As trong nudc tu nhién va nudc tiéu bang phuong phap HPLC-HG-AAS” [41].
Phuong phép sir dung cot sac ky NH, chuong trinh chay dang dong. Pha dong
gom 5 mM NaH,PO,4 va Na;HPO, & pH 5,0. Phuong phép c6 do phét hién véi
cac dang As(l11): 1,4 ug/L, DMA: 1,9 ug/L, MMA 2,2 pg/L, As(V) 2,1 ug/L.
D6 13p lai tir 2-7%.

Xt Iy miu nudc tiéu bang cach lay 2 ml nudc tiéu va thém 20 ml ethanol
tuyét doi. Tién hanh ly tam lanh & téc do 4000 vong/ phut trong 15 phit ¢ 15°C.
Téch lay phan ethanol va c¢6 duoi ethanol & nhiét do 40°C. Hoa phan sau cd
duoi ethanol bang 10 ml dung dich pha dong sau d6 loc qua mang loc 0,45 pm
dem tiém 100 pl va hé théng phan tich.

Vi mau nudce ty nhién tién hanh loc qua mang loc 0,45 pm va tiém tryc
tiép vao hé thong [41].

1.1.4.3. Phwong phdp phan tich dang As bang ghép néi HPLC-ICP-
MS

Cac dang asen vo co va hiru co duoc tach trén céc loai cot sic ky cua
HPLC twong ung theo pha dong. Sau d6 dugc nguyén tir hda, ion hda bang
plasma cam wng cao tan ICP va xac dinh bang detector khdi pho.

Nha nghién ciu Nguyén Manh Ha va cong su tién hanh nghién cau dé
tai “Phan tich thanh phan hop chét asen bang HPLC-ICP-MS @ng dung cho
huyét thanh va nudc tiéu” [42].
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Phuong phép nghién ciu phan tach 5 dang gom AsB, As(l11), DMA,
MMA, As(V). Phuong phap st dung cot sic ky trao doi anion manh Hamilton
PRP-X100 va pha dong gdm (NH,):COs, (Na;EDTA) va methanol & pH 9,0.
Chuong trinh rira giai gradient.

Hiéu suét chiét xuat Ién hon 91% d6i véi nén mau nudc tiéu va do thu
hoi tir cac mau pha nam trong khoang 94-139% di véi cac lodi asen trong
huyét thanh ngudi. Giéi han phét hién (MDL) va gigi han dinh luvong (MQL)
ctia phuong phap, duoc tinh theo ty I8¢ tin hiéu trén nhiéu, lan luot 12 0,3-1,5 va
1,0-5,0 ng/L.

Trong nghién ciiu ndy cac mau nudc tiéu dugc chuan bi bang cach pha
lodng trong hon hop methanol va nudc khir ion (1:9). Su pha lodng cac mau
nudc tiéu cling dugc thir nghiém bang céach st dung hdn hop pha dong (pH 9,0)
va methanol.

Véi mau huyét tuong tién hanh loai bo protein huyét thanh bang cach két
tua vai acetonitrile va trichloroacetic acid da dugc chon dé phan 1ap cac dang
asen [65].

1.2. Téong quan vé thuy ngan

Thay ngan ton tai trong tu nhién duoc sinh ra boi cac qué trinh tu nhién,
duoc biét dén nhu 13 sy suy thodi cua vo trai dat, cac hoat dong nui lia va sy
bdc hoi ciia nugc. Tuy nhién nhitng nam gan day thuy ngan ciing duoc tao
thanh tir cac hoat ddng san xuit cta con ngudi. Trude day, thuy ngan duoc tao
ra truc tiép va gian tiép thong qua cac quy trinh cng nghiép, chang han nhu
san xuat acetaldehyde [43]. Hién nay, c6 mot s6 ngudn phét thai thuy ngan gian
tiép, nhu khai thac, dot nhién liéu hoa thach, dac biét 1a than da. Mic du thay
ngan chi chiém mat ty 18 rat nho trong sé cac loai nhién liéu nay, nhung sy phéat
thai ciing tao ra mot phan dang ké thuy ngan nguyén té vao mai truong. Luong
thuy ngan va cac dang ton tai dac biét cua né khong thé wac tinh chinh xac, boi
vi trong khi quyén va nuéc van ton tai thity ngan nhung rat thap, thap hon gidi
han cta phuong phép phéan tich [44].
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1.2.1. C4c dang cia thuy ngan va sw chuyén hoa ciaa chiing

Thuay ngan ton tai trong moi trudng dudi cac dang khac nhau va cé thé
chuyén hoéa théng qua qua trinh sinh héa tu nhién [43]. Su chuyén hoa thuy
ngan bao gém 5 qua trinh:

Qua trinh 1: Hoi thuy ngan duoc sinh ra tir da, dat va nuéc mat hodc khi
thai nai lra, cung vai cac hoat dong cia con nguoi.

Qua trinh 2: Khi quyén: Thiy ngén, khi duoc giai phong vao khi quyén,
thuong ton tai & dang hoi thity ngan. Hoi thity ngan ton tai trong mot thoi gian
rat dai, co thé 1én dén mot nam, vi vay né c6 kha ning lan rong thong qua cac
hoat dong caa khi quyén nhu gi6, hién twong ddi luu.

Qué trinh 3: Su lang dong thiy ngan xudng mat dat va nudc mit: hoi
thay ngan trong khi quyén trai qua qué trinh oxy héa quang héa dé tao thanh
thay ngan vo co két hop véi hoi nudc va tro lai mat dat nho mua.

Qua trinh 4: Chuyén hoa thanh sunfua thity ngan khéng hoa tan.

Quié trinh 5: Bién d6i hoa hoc va sinh hoc thanh cac dang d& bay hoi va
hoa tan, bao gdm nim qua trinh trao ddi chét chinh: methyl hoa thay ngan,
demethyl hda thuy ngan, khir Hg?* thanh Hg vo6 co va oxy hda nguoc, tac dung
cua vi sinh vat d6i véi viéc chuyén Hg?* thanh cac hop chat hitu co khac nhau.

Quay tro lai bau khi quyén hoac tro lai tich lity sinh hoc trong chudi thirc
an [43].

- Méi truong nudc: Thiy ngan vao moi tredng nudc bi cac vi sinh vat
metyl hoa tao thanh metyl thuy ngan. Hop chit nay tan trong chat béo va c6
tinh gay doc manh [44].

- Moi truong dat thi hau nhu thaty ngan ton tai ¢ dang Hg?* [45]. Hoat
dong cua thity ngan phu thuoc vao pH va nong do Cl-. Ngoai ra phu thudc thém
vao thanh phan vi sinh vat ma thily ngan cé thé thay doi trang thai. Cac dang
hop chat thuong tim thiy trong dat thuong 1a HgCl; hay Hg(OH)..

Trong khong khi hoi thay ngan c6 thé bbc 18n tir cc hop son hay khi thai
hodc cac ddam chdy nha may c6 st dung thity ngan trong san xuat cong nghiép.
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CH;Hg"

T\

Hgo 4—3Hg2+4> (CH3),Hg
Hinh 1.4. Sw chuyén hod ciia cac dang thuy ngan.
1.2.2. Anh hwéng ciia cac dang thuy ngan téi sicc khoé con nguoi

Thuy ngan vo co va cac dang cua no, dac biét Methyl thity ngan rat nguy
hiém cho phu nit mang thai va tré nho [46, 47]. Tinh ning nguy hiém nhat Ia
kha ning cia RH* dé vuot qua nhau thai vao md cua thai nhi. Methyl thiy ngan
di chuyén giira cac té bao than kinh tir I6p mang ngoai dén muc tiéu cudi cing
trong vo ndo, tc ché su phét trién ndo bo cua thai nhi dan dén thay do6i hanh vi
va giam kha ning nhan thtc tham chi gy ra mu, diéc, v.v. dong thoi can thiép
vao té bao phan chia va tdng hop protein caa cac té bao than kinh [48].

Diéu ndy dan dén viéc thiéu ning luong trong té bao va ri loan trong
viéc truyén phan xa than kinh. Pay 1a co s¢ dé giai thich Iy do tai sao nhiing
dua tré sinh ra tir ba me bi nhiém methyl thity ngan s& bi pha hay khéng thé
phuc hoi hé than kinh trung wong, bao gdm ca bénh tam than phan liét, su phat
trién tri tué va co giat. Ciing c6 bang chiing cho thdy con nguoi va dong vat
tiép xuc vai methyl thuy ngan cé thé co tac dung phu déi voi hé tim mach & tré
em dang phat trién va truong thanh, biéu hién 1a huyét ap khéng 6n dinh, va
bénh tim, cham phat trién tam than.

Ngoai ra, ngo doc methyl thuy ngan ciing dan dén sy phan lap nhidém sic
thé, pha v& nhiém sic thé va ngan chan sy phan chia té bao [49]. Cac nghién
ctru khac da chang minh rang tac dung phu cua thuy ngan co thé gay ung thu
va tat ca ngd doc thiy ngan xay ra khi luong thuy ngan trong méu 1a 0,5 ppm
CHsHg" [50].

Déi v&i ngudi truong thanh, methyl thuy ngan duoc dua vao co thé qua
duong tiéu héa va dé dang hap thu. N6 chia yéu duoc tim thiy két hop voi
cysteine, vai protein va peptide acid amin [51]. Phiic hop Methylmercury-
cysteine 6n dinh cting véi sy hinh thanh cac acid amin van chuyén trong co thé
nhu methionine - mét loai acid amin thiét yéu. Do d6, né dugc van chuyén tu
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do khip co thé dén ndo va qua nhau thai, cung cap dinh dudng cho su phat trién
cua thai nhi. Do sy két hop manh mé caa protein nay, thuy ngan methyl khong
dé dang bi loai bo khoi co thé. Thai gian phan hay cua thay ngan methyl trong
mau la khoang 50 ngay [52].

Nghién ctu trén co thé nan nhan bi ngé doc methyl thuy ngan &
Minamata (Nhat Ban) cho thay anh huong cua methyl thay ngan trong co thé
con ngudi tang 18n khi tiép xdc véi lidu lwong vuot ngudng cho phép [53]. Ban
dau, nan nhan mat su phéi hop giita cac co bap, sic chiu dung, té liét chan tay
hoac run ray, suy giam mdi vi va mui, U tai hoic diéc, mo mat, hay quén, co
thé yéu, mét moi.

Nhiéu bénh nhan dau tién & Minamata bi dién, bét tinh va chét sau mét
thang bi bénh. Kham nghiém tir thi cho thay: Trong mot sb truong hop, tiéu
ndo gan nhu bi pha hay hoan toan. O Irag, trong nhitng nim 1960 va 1970,
methyl thity ngan da duoc str dung dé luu trir 1Ga mi, & hat giong lam thie an
truc tiép cho con ngudi va dong vat [54]. Cac triéu ching than kinh nhu di Gng,
kho giao tiép, van dong, suy giam thi luc, giam thinh luc, mu va tir vong.

Ngoai ra thity ngan vo co va hiru co ciing duoc xac dinh lién quan dén
ton thuong than [55]. Khdm nghiém tir thi bénh nhan mac treo bang methyl
thuy ngan cho thay cac biéu hién tiéu cuc 1&n than va thoai hda 6ng than tham
chi 1am hong 6ng than [56]. Trong thap ky qua, cac nha nghién ciru da nghién
ctru tac dong cua methyl thiy ngan 18n chirc niang mién dich va huyét 4p. Thuc
hién thi nghiém trén chudt tiép xdc vai thiy ngan methyl, Sorosen va cong su
(1999) da tim thay mdi lién quan véi thiy ngan methyl véi ting huyét ap &
chudt khi sinh, tuong tng véi su gia ting ndong do thiy ngan trong mau.

1.2.3. Mot s6 phwong phap phéan tich Hg
1.2.3.1. Phwong phdp sic ky khi detector cgng két dién tir (GC-ECD)

Niam 2004 nhém nghién ctu Chen Syr-Song va cong su da dua ra quy
trinh phan tich methyl thuy ngén va thuy ngan vo co trong ca [44]. TAc gia su
dung dung dich kiém (tetramethylammonium hydroxide) duéi tac dung cua 10
vi song, mau duoc thém dung dich Cu?*, tao dan xuat trong pha nudc véi methyl
thuy ngan voi sodium tetrapropylborate, sau d6 chiét lan luot n-heptane. Dan
Xuat thiy ngan duoc giai hap va sau d6 dugc phan tich bang phép do khdi phé.
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Thoi gian phan tich cho mdi mau trén thiét bi GC-MS duoc tdi uu khoang 7
phat. Cong suat vi séng 15 — 30, 45 va 60 — 75 W, thoi gian gia nhiét mau lan
luot 14 3,5, 2,5 va 1,5 phat. Hiéu suat thu hdi caa cac dang thay ngan lan luot
1292,3; 96,1% va 93,6; 95,5% ddi véi methyl thiy ngan va vo co. Phuong phap
dugc 4p dung dé phan tich 3 mau chuan déi ching 12 mau ca ngir BCR CRM
464 (tuna fish), thit ca nham NRC DORM-2 (dogfish muscle) va gan c4 nham
NRC DOLT-2 (dogfish liver).

1.2.3.2. Phwong phdp quang phé hdp thu nguyén tiz (AAS)

Nam 2012, nhém nghién ciu A.Q. Kaziv va cong sy di phat trién
phuong phap CV-AAS dé xac dinh mac methyl thity ngan va thily ngan vo co
trong 10 loai ca nudc ngot [57]. MeHg va Hg duoc xac dinh bang phuong phap
quang pho hap thu nguyén tir hoi lanh sau khi qua qua trinh xt Iy mau wét bang
kiém. Cac miu duogc trong qua trinh xir 1y di dugc thém clorua va natri
tetrahydroborate twong trng cho MeHg va Hg. Do chinh xac cia phuong phap
dugc danh gia bang mau chuan tham chiéu (DORM-2). Gigi han phat hién lan
lwot 12 0,117 va 0,133 pg.kg™ dbi voi MeHg va Hg. Nong ¢ MeHg va Hg
trong thit cua mudi loai ca duoc tim thay trong khoang 28,4 — 56,3 va 3,01 —
8,11 pg.kg™.

Nhém nha nghién ctu Tuzen va cong su di phat triéen mot phuong phap
dé xac dinh Hg(l1) va methyl thuy ngan trén vi khuan Staphylococcus aureus
két hop chiét pha ran va phuong phap quang phd hap thu nguyén tir ki thuat
hoa hoi lanh [58]. Qua trinh rira giai chon loc va tuan ty véi 0,1 mol.L™ HCI
d6i voi Methyl thay ngan va 2 mol.L™ HCI déi vai Hg(IT) duoc thuc hién ¢ pH
trong khoang 2 — 6. Cac diéu kién phan tich téi uu bao gom pH, luong chat hap
thu sinh hoc, thé tich mau ciing dugc khao sat. Gidi han phat hién cua cac chat
phan tich 14 2,5 ng.L™ ddi vaéi Hg(I1) va 1,7 ng.L* di véi methyl thay ngan.

TCVN 8987-2:2012 quy dinh phuong phap xac dinh ham lugng thuy
ngan tong s trong tinh bdt va cac san pham tinh bot bang phuong phép do phd
hap thu nguy@n tir véi ki thuat hoa hoi lanh (CV-AAS). Thity ngan trong mau
duogc chiét bang phuong phap vo co udt sir dung acid nitric va hydro peroxyt,
khir Hg?* vé HgP bang hydro méi sinh tir phan @ng cua natri bohydrua va acid
clohydric. Thay ngan sau d6 dugc do ¢ budc song 257,3 nm.
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TCVN 7604:2007 quy dinh phuong phap xac dinh ham luong tong thay
ngan trong cac mau thuc pham bing quang phd hap thu nguyén ti khéng ngon
ltra. Thiy ngan dugc tach ra khoi phan mau da phan hay dudi dang hoi thuy
ngan bang phuong phap hoa hoi lanh, sau d6 xac dinh bing do phd hap thu
nguyén tir khdng ngon lira ¢ budc séng 257,3 nm.

1.2.3.3. Phwong phdp khéi phé nguén cam sng cao tan Plasma (ICP-
MS)

Vao nam 2005 hai nha khoa hoc Sang Hak Lee, Jung Ki shu ap dung mot
phuong phap pha lodng dong vi két hop pho khbi nguyén tir nguon plasma cam
g cao tan dé xac dinh tong thuy ngan trong thit ca ngir [59]. Phuong phép str
dung vi s6ng pha miu trong moi truong HNO; va H,0, dé hoa tan mau. Quy
trinh x4c dinh chinh xéc tong thuy ngan trong mau md cé ngir bang ICP-MS
nhu sau: mau CRM dugc thém chuan 202Hg, sau d6 phan hay trong méi trudng
acid. Phuong phap nay dugc 4p dung dé xac dinh Hg trong mau ca ngir CCQM-
P39 do IRMM (Vién nghién ciru va do luong, GEEL, Bi) cung cap cho nghién
ctru so sanh quéc té.

Ramaswami Kalamegham va K. Owen Ash da dua ra quy trinh don gian
va nhay ddi véi thity ngan tong trong mau va nudce tieu bang phuong phap phd
khdi nguyén tir nguon plasma cao tan cam tng (ICP-MS) [60]. MAu bénh pham
duogc chuan bi bang céch chiét xuat két tua bang hydrochloric acid 50% (v/v)
¢ chira EDTA va cysteine. Khoang tuyén tinh ctua phuwong phép nay tir 2 va
200 pg/L trong mau thir véi d6 nhay tir 0,2 pg/L. Nong do (pg/L) cua thiy ngan
nhu sau: mau toan phan xét nghiém (n = 20) - 4,6 + 0,6 (c.v. 12,3%), 18,3+ 1,1
(c.v. 6,1%), 56,4 = 2,8 (c.v. 5,0%); mau toan xét nghiém (n = 15) -5,7 £ 1,0
(c.v. 16,8%), 19,7 2,7 (c.v. 13,5%) va 50,1 £ 6,9 (c.v. 13,7%); nudc tiéu (n =
20)-9,3 + 1,2 (c.v. 12,9%), 29,6 + 2,2 (c.v. 7,4%). Hiéu suat thu hdi thay ngan
hitu co va v co tir CA&¢ mau mau dao dong tir 91,6% dén 110,2% cho thay
phuong phéap phu hop dé phan tich tong thuy ngan, ca hitu co va v co, trong
mau va nudc tiéu.

Ham lugng thity ngan tong s trong thuc pham ciing dugc xac dinh theo
phuong phap AOAC 2015.01 [61]. Mau duoc vo co hoa trong 10 vi song st
dung dung dich acid nitric va hydroperoxide. Thuy ngan trong mau dugc 6n
dinh bang cach thém 0,1 ml dung dich Au 50 ppm, str dung noi chuan rhodium.


https://onlinelibrary.wiley.com/authored-by/Kalamegham/Ramaswami
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Phuong phap cho gidi han dinh luong (LOQ) véi cac mau ran < 10 pg/kg, voi
cac mau long < 8 pg/kg.

1.2.4. Mot sé6 phwong phap phan tich dang Hg

1.2.4.1. Phwong phdp phén tich dgng Hg bang sdc ki léng hiéu néing
cao ghép néi véi hé quang phé hdp thu nguyén ti si dung ki thudt hydrua
héa (HPLC-HG-AAS)

Cac dang Hg sau khi duoc tach trén cot sic ky caa thiét bi HPLC s& duoc
dan truc tiép vao bo hydrua hoa cua thiét bi AAS. Sau d6, chiing dugc dan sang
bo nguyén tir hda mau bang khi Ar, nguyén tir héa thanh dam hoi tu do. Chiéu
mot chum sang don sac di qua dam hoi ndy, do cuong do dong cua chim séng
chiéu qua ta thu duoc phd hap thu nguyén té.

Rajani Jagtap va cong su tién hanh nghién cau “Phan tich dang Hg(ll)
va MeHg trong cé va tram tich bang HPLC-HG-AAS va HPLC-ICP-MS” [62].
Phuong phap HPLC-HG-AAS st dung cot sac ky Phenomenox C18 (5um *
4,6mm * 250 mm). Pha dong chira 0,06 mM CH3COONH,trong 5% methanol
va 0,1% L-Cystine. Nong d6 dinh duong phuong phap 2 pg/L.

Trong nghién ctu ndy mau ca va tram tich duoc tién hanh chiét xuat bang
2-mercaptoethanol. MAu ca va tram tich dugc can khdi luong 2 g vao binh
PTPE 55ml va thém 2,5ml va 5ml dung dich 2-mercaptoethanol 0,5% cho mau
C& va tram tich twong tng. Pua vao 10 vi séng ¢ 120°C trong 15 pht, sau d6 ly
tam & téc do 3000 vong/ phut trong 20 phat. Tién hanh Iy dich phia trén dua
vao phén tich [62].

1.2.4.2. Phwong phdp sdc ky léng ghép néi khai phé nguén plasma
cam #ng cao tan (HPLC-ICP-MS)

Phuong phap nay c6 wu diém 1a c¢d thé dinh luong cac dang Hg thay vi
cac dang tong nhu cac phuong phap liét ké & trén. Phuwong phap st dung HPLC
c6 nhiém vu phan tach cac dang Hg ra khoi nhau va str dung ICP-MS dé phét
hién ra cic dang d6. Phuong phap HPLC gitip don gian hoa qué trinh xu ly
mau, loai bo budc tao dan xuat va cd thé ap dung phan tich nhiéu loai chat phan
tich ¢ tinh chat khac biét dua trén cac co ché tach khac nhau nhu sic ky pha
dao, sic ky trao d6i ion, sic ky ghép cap ion, sic ky loai c& [63-65]. ICP-MS
duoc lva chon ghép néi trong phan tich dang vi c6 do nhay cao, khoang tuyén
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tinh rong va cé thé phan tich ddng thoi nhiéu nguyén té. Do vay, phuong phap
ghép ndi sac ky long véi khdi phd ngudn plasma cam ¢ng cao tan (HPLC-ICP-
MS) c6 gigi han phét hién va gigi han dinh lwong tét, phi hop trong phan tich
lwgng vét va siéu vét cac dang nguyén tb [66].

Véi nghién ciu Rajani Jagtap va cong su tién hanh nghién ctu “Phan
tich dang Hg(ll) vd MeHg trong c& va tram tich bang HPLC-HG-AAS va
HPLC-ICP-MS” [62]. Phuong phép phan tich bing cong cu HPLC-ICP-MS va
st dung cot sic ky C8 PerkinElmer (3um * 33 mm * 3 mm). Pha dong chia
0,5 % 2-mercaptoethanol va 5% methanol, téc d6 dong 1,5 ml/ phut, nhiét do
cot 25°C. Puong chuan cho cac chuan MeHg va Hg(l1) tuyén tinh trong pham
vi 0-100 pg/L va cho hé sé twong tng (r2 = 0,9990 va r?=0,9995). Ham luong
thay ngan thap nhat cé thé do duoc 12 0,4 pg/L tuong Gng véi 0,01 pg/L trong
c& va tram tich.

Trong nghién ciru ndy Mau cé va tram tich dugc tién hanh chiét xuat bang
2-mercaptoethanol. MAu ca va tram tich dugc can khdi luong 2 g vao binh
PTPE 55ml va thém 2,5ml va 5ml dung dich 2-mercaptoethanol 0,5% cho mau
C4 va tram tich twong tmg. Pua vao 10 vi song & 120°C trong 15 phut, sau d6
ly tm ¢ toc do 3000 vong/ phut trong 20 phut. Tién hanh lay dich phia trén dua
vao phan tich [62].
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Chuwong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Péi twong va pham vi nghién ciu

2.1.1. Phan tich dang As va Hg

Nghién ctru thuc nghi¢m duogc thuc hién tai phong thi nghiém Hoa Phan

tich, Vién Hoa Hoc, Vién Han lam Khoa hoc va cong nghé Viét Nam.

Cac thiét bi thuc hién nghién ctu bao gdom:

- Hé thdng thiét bi HPLC Altus™ A-30 UPLC® (Perkin Elmer, Hoa Ky).
- Thiét bi ICP-MS NexION 2000 (Perkin Elmer, Hoa Ky).

2.1.2. Péi twong nghién ciru

Pbi twong nghién ctu 1a cac mau nudc tai khu vuc Thai Nguyén, mau
nuéc tiéu dugc thu thap tai trung tdm chdng doc bénh vién Bach Mai.

Cac dang cta As nghién cttu gom As vo co va hitu co:

« As v0 vo nghién ctru gobm As(III), As(V)

* As hitu co nghién ctru gom DMA, MMA

Céc dang cua thiy ngan vo co Hg(I1) va thay ngan hiru co MeHg

2.2. Hoa chat

Tat ca cac thudc thir dat chuan phan tich hoic chuan sic ky long da duoc

su dung:

Dimethylarsinic acid (DMA, > 98%) dugc mua tir Sigma Aldrich
(Singapore).

Arsenic(l1l) oxide (As(IIl), > 99%). dugc mua tir Sigma Aldrich
(Singapore).

Sodium arsenate dibasic heptahydrate (As(V), > 98%) dugc mua tir
Sigma Aldrich (Singapore).

Methylmercury(ll) chloride (MeHg) duoc mua tir Sigma Aldrich
(Singapore).

Disodium methyl arsonate hexahydrate (MMA, > 99%) dugc mua tur
Accustandard (Hoa Ky).
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« Dung dich chuan gbc Hg? ndng d6 1000 mg/L trong nitric acid 1M
dugc mua tir Fisher Scientific Vuong quc Anh.

« Cac dung dich gbc Asen don (1000 mg/L dudi dang As) duoc pha
trong nude siéu tinh khiét va giir ¢ nhiét do -20°C trong éng nhya
polypropylene.

« Céc dung dich gbc MeHg* (1000 mg/L ddi véi Hg) duge pha trong
methanol.

« Céc dung dich 1am viéc dugc pha méi hang ngay bang cach pha lodng
cac dung dich gdc trong nudce siéu tinh khiét hoic pha dong.

* Methanol (> 99,9%, cép HPLC, Sigma Aldrich, Duc),

 Sodium 1-butanesulfonate (SBS, > 98%, Sigma Aldrich, Singapore),
Tetrabutylammonium hydroxide (TBAH, dung dich 40 wt.% (1,5M)

trong nudc, Thermo Scientific Chemicals),

* L-cysteine (Cys, > 98%, Cool Chemical Science and Technology,
Trung Qudc)

» Acetic acid (bang 99,5%, Macron Fine Chemicals, Ba Lan) dugc sur
dung dé chuan bj pha dong.

« Nudc siéu tinh khiét dugc chuan bi béng hé théng loc nuéc UV
Direct-Q 5 (Merck Millipore, Hoa Ky) va duoc st dung dé chuan bi
dung dich chuan, mau pha lodng va pha dong.

2.2.1. Dung dich chuan goc 1000 mg/L

* Cén 2,47 mg DMA vio binh HDPE va thém 1,0205 g nudc cat khir
ion c6 do dan 18,2 MQ cm va bao quan trong tu lanh ¢ nhiét do 4°C

trong bong toi.

« Can 5,86 mg MMA vao binh HDPE va thém 1,0814 g nudc cat khi
ion c6 do dan 18,2 MQ cm va bao quan trong tu lanh ¢ nhiét do 4°C
trong bong toi.

« Can 3,48 mg As (111) vao binh HDPE va thém 2,3698 g nudc cét khir
ion c6 do dan 18,2 MQ cm va bao quan trong ti lanh & nhiét d6 4°C

trong bong tdi.
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Can 6,24 mg As (V) vao binh HDPE va thém 2,1273 g nudc cét khir
ion c6 d6 dan 18,2 MQ cm va bao quan trong ta lanh & nhiét do 4°C
trong bong toi.

Dung micropipet hat can 0,1007 g Hg(l1) vao binh HDPE va thém
10,0026 mg nudc cat khtr ion c6 d6 dan 18,2 MQ cm va bao quan
trong t0 lanh & nhiét do 4°C trong bong toi.

Can 12,7 mg MeHg vao binh HDPE va thém 10003,2 mg nudc cat
khir ion c6 d6 dan 18,2 MQ cm va bao quan trong ti lanh & nhiét do
4°C trong bong tdi.

2.2.2. Dung dich chuan lam viéc

Tat ca cac dung dich chuan don 1é trude khi st dung déu dé 6n dinh &

ngoai mdi truong diéu kién nhiét o6 phong 25°C trong 30 phut. Cac dung dich

lam viéc hang ngay duoc hit bang micropipet va can, pha lodng trén can phan

tich.

2.2.3. Pha ddng cho sic ky

Pha dong sic ky gom 3 pha dong:

Pha dong A: 2mM TBAH, 2mM Sodium 1-butanesulfonate (SBS)
vira du 1 Lit b?mg nude cat khir ion ¢6 do dan 18,2 MQ cm dugc diéu
chinh pH=6 bang acid acetic

Pha dong B: 2mM TBAH, 2mM Sodium 1-butanesulfonate (SBS),
15mM L-Cysteine (Cys) vira da 1 lit nuée cat khir ion c6 d6 dan 18,2
MQ cm dugc diéu chinh pH=6 bang acid acetic.

Pha dong C: Methanol

Trudc khi sir dung, cac pha dong duoc loc qua mang loc 0,45mm va siéu
am dudi bot khi. Mdi ngdy méi pha dong sé dugc pha méi dé tranh anh huong

bién doi.

2.3. Thiét bj, dung cu

Thiét bi ICP-MS NexION 2000 plasma khéi phé ti cuc (Hoa Ky) ding
dé phan tich tong As.
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Thiét bi phan tich CV-AAS model HG-201(Nhat Ban) dung dé phan tich
téng Hg.

Thiét bi phan tich dang As, Hg gdm 2 thanh phan chinh ciu thanh tur
HPLC va ICP-MS:

Thanh phan thi nhat chinh 1a hé théng thiét bi HPLC Altus™ A-30
UPLC® (Perkin Elmer, Hoa Ky) bao gom bé tron dung mdi Altus A-30 (bom
bac bén) va bo tiém mau tu dong Altus A-30 (bo ldy mau ty dong duoc trang
bi bo bom 100 pL vong 1ap). Hé thdng khir khi va 10 gia nhiét cot. Hé thong
HPLC dugc diéu khién bai phan mém Empower 3version 7.0.3471.909 tir
Water Corporation (Water, MA, US).

Cac dang As, Hg duoc tach bai cot cot sic ky Osaka Soda (Shiseido)
CAPCELL PAK C18 MG 100A 5um, 250mm x 4.6mm, Nha san xuat:
Shiseido. M0 ta cot: Capcell Pak, C18 (RP18, ODS, Octadecyl). Kich thuéc 16:
100A. Kich thuéc hat: 5,0 pm. Puong kinh trong: 4,6mm, Chiéu dai: 250mm.
Loai cot: Cot HPLC pha dao. St dung chuong trinh rira giai gradient véi toc
d6 rura giai khong doi: 1ml/ phut.

Thanh phan thir hai d6 1a thiét bj ICP-MS NexION 2000 plasma khi
phd t& cuc duge coi nhu mot detector phat hién tin hiéu cua cac dang As, Hg.

Thiét bi phu tro:

« Can phan tich 4 s 1¢ (220g x 0,0001g) Quintix 224-1S

* May do pH SevenCompact

« May siéu &m VORTEX

* Micropipet 50, 100, 1000, 5000 mcL ctia Eppendorf

« May ly tam, bé gia nhiét cach thay v.v.

Dung cu thi nghiém dap tng yéu cau do chinh xéc trong phan tich.

2.4. Phwong phap nghién cuu

C6 nhiéu phuong phap duoc sir dung trong phan tich dang don nguyén
t6 cua As hay cia Hg. Tuy nhién, dé phan tich d6ng thoi cac dang cta da nguyén
t6 As va Hg, phuong phap ghép ndi sac ky long véi khéi phd nguyén tir nguon
ion hoa cao tan cam tng plasma (HPLC-ICP-MS) 1a phuong phép duogc sir
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dung chu yéu béi kha niang phan tich dong thoi nhiéu nguyén tb cua detector
ICP-MS. Trong nghién ctu nay, phuong phap HPLC-ICP-MS dugc lua chon
dé nghién ctu phén tich dong thoi 4 dang As gém As(l11), DMA, MMA, As
(V) va 2 dang thiy ngan gém Hg(11), MeHg. Cac dang As va Hg duoc tach trén
cot tach va sau d6 phat hién bang detector ICP-MS.

ELUENT REACTION GAS
p .

PrORSSER MASSINTERFACE ION QUADRUPOLE
T
LENSES MASS ANALYSER
[ ras SKIMIMER CONE /
PUMP | _ Q NEBULISER/SPRAY = coo EWEw
CHAMBER ®, - =»
— : o [ & & ]
E ICP SOURCE \
- e OCTAROLE ELECTRON
T - | 4 T ] acron | e
it DETECTOR

CHROMATOGRAPHIC
COLUMN ROTARYPUMP  TURBO PUMP

INJECTOR
\POST COLUMN
INJECTOR

Hinh 2.1. Hé théng thiét bi HPLC-ICP-MS (PerkinElmer, Hoa Ky).

Céc dang hop chét cua As gom As(l1l), As(V), DMA, MMA cing Véi
cac dang thuy ngan 1a Hg(I), MeHg duogc tach bang cot sic ky pha dao C18
Osaka Soda (Shiseido) véi pha dong chira TBAH, SBS, Cys chinh pH= 6 véi
chuong trinh gradient c6 téc dd 1 ml/phut.

« Phadong A: 2 mM TBAH, 1 mM SBS trong 1 lit DIW dugc diéu chinh
pH=6 bang acid acetic.
« Pha dong B: 2 mM TBAH, 1 mM SBS, 15 mM L-Cysteine trong 1 lit

DIW dugc diéu chinh pH=6 bang acid acetic.

* Pha dong C: Methanol
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* Til¢ dung moi chuong trinh Gradient.

Bang 2.1. Chuwong trinh thoi gian chay gradient.

Thai gian (phat) | % Pha dong A | % Pha dong B | % Pha dong C
0 99 0 2
1 0 99 2
13 0 99 2
14 99 0 2
18 99 0 2

2.5. Thuc nghiém

2.5.1. Thu thap mau

Mau sinh hoc 1a 7 mau nudc tiéu (mau Niéu) dai dién duoc lay tir Trung
tam chéng doc, Bénh vién Bach Mai tir 02/08/2023 dén 20/08/2023. Miu Niéu
duoc Iy tir cac bénh nhan tir budi sang, bo di doan tiéu dau va duge dung bang
coc nhya. MAu bao quan dong lanh udp da khé va van chuyén vé Vién Hoa hoc
— Vién Han 1am Khoa hoc va Céng nghé Viét Nam, luu trong ta mat o diéu
kién 4°C cho dén khi tién hanh phan tich.

Mau nudc mdi truong 1a 6 mau nudc mit, dugc thu thap tai Thai Nguyén
duoc bao quan theo tiéu chuan TCVN 6663-3:2008 (1SO 5667-3:2003).

2.5.2. Xir Iy mau phan tich tong As

Mau nudc tiéu: Mau nuéc tiéu sau khi dua ra khoi ti bao quan tién hanh
rd dong. Can 0,5 g nudc tiéu vao éng ly tam 15 mL va thém vao HNO; 1% dén
5,0 g. Tron déu mau bang may vortex, sau d6 ly tdm 13y phan dich bén trén dua
vao phan tich tong.

Mau nude moi trudng tién hanh do tryc tiép.

2.5.3. Xir ly miu phan tich tong Hg

Véi mau niéu, mau duoc tién xir Iy va phan tich ham luong Hg theo quy
trinh sau:

- Budc 1: Bé mau nudéc tiéu 6n dinh ¢ nhiét d6 phong, lic déu mau.



27

- Budc 2: Thém lan luot 1 mL acid HCIO, 72%, 1 mL acid HNO; 65%
va 5 mL acid H,S0,498% vao binh phd mau 50 mL. Sau d6 thém tir tir 2 —5 mL

mau nudc tiéu va lic déu.

- Bu6c 3: VO co hoa mau bang bép pha mau ¢ nhiét ¢6 200 — 220°C
trong vong 30 phdt.

- Budc 4: Mau sau khi dugc 1am nguoi, dinh mac 50 mL duoc do trén
thiét bi phan tich vét thuy ngan HG 201.

Mau nude dugce phan tich truc tiép trén thiét bi CV-AAS.
2.5.4. T6i wu diéu kién phan tich dang HPLC-ICP-MS

Cac diéu kién téi wu duogc lya chon dé phan tich dang dong thoi da
nguyén tb cua As va Hg trén hé thiét bi ghép néi HPLC-ICP-MS. Céc thdng s6
quan trong nhat cta phép do ICP-MS 1a téc d6 sol khi, cong xuat plasma va thé
thau kinh bang phuong phap phéan tich mau tryc tiép. Hé thong thiét bi dugc
dat tai phong thi nghiém Hoéa phan tich - Vién Hoa hoc da duoc chuan héa va
khao sét toi wvu nham dam bao théng sé ciing nhu do nhay, d6 chon loc tdi wu
cho thiét bi.

Su lya chon cot phan tach, pha dong va toc do dong, pH cing véi chuong
trinh chay s& anh hudng téi hiéu xuét tach cua cac chat. Cac thong sé s& anh
hudng toi hidu xuat tach, gisi han phét hién va gigi han dinh luong.

2.5.5. Xac nhan gia tri sir dung cia phwong phap
2.5.5.1. Xay dwng dwong chudn

Puong chuan cac dang As duoc xay dung tai 5 diém nong do lan luot 1,
5, 10, 20, 45 pg/L dya vao can hat va pha lodng tir dung dich chuan géc. Véi
dang thay ngan tién hanh xay dung 5 diém ndng do chuan lan luot ung véi 1,
5, 10, 20, 45 pg/L. Tién hanh 6n dinh hé théng tiém day chuan lan luot vao hé
théng théng qua bo tiém ty dong caa HPLC-ICP-MS.

2.5.5.2. Xdc dinh gidgi han phat hign thiét bi (IDL) va gidi han dinh
Iwong thiét bi (1QL)

Gidi han phét hién caa thiét bi 13 ndng do chat phan tich téi thiéu cho tin
hiéu c6 thé phan biét dugc vai nhidu nén cua thiét bi. Gigi han dinh luong cua
thiét bi 1a ndng do tdi thiéu dap wng yéu cau vé do chinh xac.
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Trong do:
« H: Chiéu cao tin hiéu caa chat phan tich
« h: Nhiéu duong nén
« IDL: Giéi han phét hién thiét bi 1a ndng d6 ma tai d6 tin hiéu gap 3
lan nhidu duong nén.

« 1QL: Gidi han dinh luong thiét bi 12 ndng do téi thiéu cua mot chat co
thé dinh luong va cho két qua c6 do chum, ciing 1 nong d6 ma tai do
tin hiéu gap 10 lan ti Ié tin nhiéu/nhiéu duong nén.

2.5.5.3. Xdc dinh d¢ chinh xac

Theo tiéu chuan quéc té ISO 5725 1-6:1994 va tiéu quan qudc gia

(TCVN 6910 1-6:2005) thi 6 dung chi mirc d6 gan nhau giira gia tri trung binh
tai 1ap cua két qua thtr nghiém. D6 chum chi micc d6 dao dong cua cac két qua
thir nghiém doc lap.

Xac dinh bang cach bé tri thi nghiém tién hanh thém chat chuan & ba

nong d6 1ap lai va tinh d6 léch chuan (SD) va d6 léch chuan (RSD%) bang cong
thuc:
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2(x; — X)?
= oD

SD
RSD%=CV%=¥ x 100

Trong do6:

SD: B9 léch chuan

n: s6 lan thi nghiém

Xi: Gid tri cta lan thir nghiém thi “i”

X: Gia trj trung binh ciia cac 1an thir nghiém
RSD%: P léch chuan tuong doi

CV%: H¢ s6 bién thién

2.5.5.4. Xdc dinh d thu héi

Panh gia hiéu suat thu hdi dwa vao viéc thém chuan vao mau tht, thém
chuan vao nén mau trang. Hiéu suat thu hdi duoc danh gia trén céng thirc nhu

sau.

Trong do:

H%: Hiéu suat thu hdi

Cmiu + thém chuin): Néng do mau duoc thém luong chuan xac dinh
Cumau: NOong do mau

Cihem chuén: Néng d6 thém chuan

C(m5u+thém chudn) — C

HY%= mau 100

C'chém chuin

Phuong phép xac dinh d6 thu hdi thuc hién thém chuan & 3 nong do khac
nhau va tién hanh phan tich Iap lai 4 lan.
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Bang 2.2. Bé thu hoi dwoc chap nhdn theo AOAC.

Ham
lwong 0,01 0,001 0,0001 0,00001 | 0,000001 | 0,0000001
(%)
Ponvi | 100 ppm | 10 ppm 1 ppm 100 ppb 10 ppb 1 ppb
P thu hoi
) 90-107 | 80—-110 | 80—-110 | 80-110 | 60-115| 40-120

(%)

2.5.6. Chuan bi miu phan tich dang As, Hg

M3au nudc tiéu tién hanh can va pha lodng bang dung méi pha dong A va
loc qua mang loc 0,45 pm, chuyén vao vial nhya roi tién hanh phan tich dong

thoi 4 dang As va 2 dang Hg trén hé thiét bi ghép néi HPLC-ICP-MS.,

Mau nudc méi truong tién hanh loc qua mang loc 0,45 pum, chuyén vao
vial nhya va tién hanh phan tich dong thoi 4 dang As va 2 dang Hg trén hé thiét
bi ghép ndi HPLC-ICP-MS.
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Chuwong 3. KET QUA VA THAO LUAN

3.1. Téi wu diéu kién phan tich dang da nguyén t6 cia As, Hg bang
phuong phap HPLC-ICP-MS

3.1.1. T6i wu diéu kién HPLC tach As, Hg

Hau hét cac phuong phap phan tich dang don nguyén t cua As, Hg sir
dung hé ghép nbi HPLC-ICP-MS déu st dung k§y thuat sic ky pha dao ghép
cap ion (ion-pairing reverse phase chromatography — RPC) [63, 64, 66, 67].
Cac anion cuia cac dang As trong pha dong sé& tao cap ion véi cac mudi hay base
cia alkyl ammonium nhu Tetrabutylammonium hydroxide (TBAH) va
hexadecyl trimethyl ammonium bromide co ai luc manh véi cdc nhom Cig trén
pha tinh va duogc tach khoi cot. Cac dang vo co va hitu co ctia Hg ¢6 thé ton tai
& dang cation nhung d& tao phuc véi cac hop chat thiol nhu L-cysteine (Cys)
hay 2-mercaptoethanol (ME) trong pha dong; Cys phan tng vai cac dang Hg
tao phtc Hg(Cys),* va MeHg(Cys)". Sau do, cac anion phirc nay duoc tach trén
cot sac ky pha dao ghép cap ion.

Su két hop cua hai chit tao cap ion TBAH va Sodium 1-butanesulfonate
(SBS) duoc ung dung dé tach cac dang anion caa As. Chinh vi vay, hai pha
dong A va B trong d6: pha dong A bao gom TBAH va SBS; va pha dong B bao
gom TBAH, SBS va Cys duoc lya chon dé tach dong thoi 4 dang As va 2 dang
Hg véi chuong trinh rira giai gradient. Cac yéu té anh huong dén qua trinh tach
cac dang bao gom thanh phan pha dong, tac nhan tao phtc, thanh phan chat cai
bién hitu co va pH cua pha dong dugc khao sat va lra chon diéu kién tbi uu.

3.1.1.1. Khdo sat thanh phan pha déng
a. Khdo sat thanh phan TBAH

Thanh phan pha dong TBAH duoc khao sét trong khoang nong do 0,5 —
6 mM vai céc diéu kién khac khong d6i: Cys 15 mM; SBS 2 mM; pH = 6; toc
d6 pha dong 1 ml/phut; thé tich tiém 50 pL; methanol 2%.
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Hinh 3.1. Anh huong ciia nong dé TBAH t6i thoi gian lwu ciia 4 dang As.
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Hinh 3.2. Anh hudng ciia nong @6 TBAH téi thoi gian ey ciia 2 dang Hg.

Anh huong cta nong 6 TBAH dbi vai cac dang As duoc biéu thi & Hinh
3.1. Su gia ting ndng d6 TBAH gilp kha ning luu gitt MMA va As(V) tét hon.
Hai dang As(l11) va DMA thoi gian luu khong thay doi dang ké khi ting nong
d6 TBAH trong pha dong. Nguoc lai, véi dang Hg, khi nong d6 TBAH ting
dan dén sy giam nhe thoi gian luu cta dang Hg(11) va MeHg (Xem Hinh 3.2).

Bang 3.1. Anh huong ciia nong do TBAH t6i thoi gian leu ciia 4 dang As.

N R Thoi gian luu (phut
Nong do TBAH (mM) =541y DI\g/IA M(II\)/IA ! As(V)
0,5 2,81 436 | 493 | 551
1,0 2,82 445 | 509 | 589
2,0 2,83 455 | 532 | 6,30
4,0 2,78 454 | 545 | 6,62
6,0 2,77 445 | 568 | 7,21
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Bang 3.2. Anh hueong ciia nong do TBAH t6i thoi gian lieu ciia 2 dang Hg.

Néng do TBAH (mM) Hg(l:‘l”)‘ glan l“’“l\sll(’:l‘_l“g)
0,5 4,73 5,73
1,0 4,88 5,68
2.0 4,86 5,59
4,0 4,89 5,49
6,0 4,67 5,36

TBAH mang dién tich dwong khi cang ting nong d6 TBAH ddng nghia
taing mat do dién tich dwong nham luu gitr qua trinh rira giai cac anion As
(DMA, MMA, As(V)) trén pha tinh. Riéng As(III) mang tinh trung tinh nén
khong anh huong boi nong d6 TBAH [59].

Nong d6 TBAH ting dan khién thoi gian luu Hg(IT) va MeHg giam nhe.
Cac phtic Cys-Hg bi cac cation TBAH day ra theo phwong phap tinh dién tao
ra hiéu ang giam dan thoi gian luu [59].

Dé dat duge dong thoi hai yéu td 12 sy phan giai tdt giira cac peak va thoi
gian sac ky nhanh, nong do 2 mM duoc lya chon cho cac khao sét tiép theo.

b. Khdo sat thanh phan Sodium 1-butanesulfonate (SBS)

Anh huéng cua nong d6 chit tao cap Sodium 1-butanesulfonate (SBS)
t6i qué trinh tach déng thoi cac dang As va Hg ciing duoc khao sat va ti wu
trong khoang nong do 0; 0,5; 1 va 2 mM.

12.00 -
11.00 -
10.00
9.00 -
8.00 -
7.00 |
600 {
5.00
4.00

3.00 e S A

200 T T T T T 1
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Nong do SBS (mM)
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o
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Hinh 3.3. Anh huong ciia nong do SBS téi thoi gian luu ciia 4 dang As.
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Hinh 3.4. Anh huong ciia nong do SBS téi thoi gian luu ciia 2 dang Hg.

Két qua & Hinh 3.3 va Hinh 3.4 cho thay khi ting dan nong do SBS thi
thoi gian luu cta cac dang As(V), DMA, MMA giam dan. Véi dang As(I11)
thoi gian luu gan nhu khong thay doi theo sy bién doi cua ndng do SBS. Xu
huéng giam tuwong tu cling dugc quan sat thiy & thoi gian luu cta cac dang Hg.

Bang 3.3. Anh huong ciia nong dg SBS t6i thoi gian lwu ciia 4 dang As.

A N Thoi gian lwu (phut
Nong d¢ SBS (mM) = cmy DI\g/IA M(Il\)/IA ! As(V)
0,0 2,86 552 | 687 | 1017
0,5 2,85 522 | 655 | 9,18
1,0 2,85 487 | 590 | 755
2,0 2,84 447 | 537 | 645

Bang 3.4. Anh huong ciia nong do SBS t6i thoi gian lwu ciia 2 dang Hg.

Ndng d9 SBS (mM) TthEIgl;a“ lu’“l\glpel:;)
0,0 5,20 6,05
0,5 5,23 6,00
1,0 4,93 5,68
2.0 4,83 5,56
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SBS mang dién tich 4m khi cang ting ndong d6 SBS dong nghia ting mat
d6 dién tich &m nham day nhanh qua trinh rira giai cac anion As (DMA, MMA,
As(V)) trén pha tinh. Riéng As(IIl) mang tinh trung tinh nén khong anh huéng
boi ndng d6 SBS [59].

Nong d6 SBS tir 0 — 0,5mM thoi gian luu He(I) va MeHg khong suy
giam thoi gian luu. Nong d6 SBS 1-2 mM c¢é giam nhe thoi gian luu.

Nong do SBS 1 mM duoc lua chon vi thoa man dugc ca yéu té do phan
giai caa peak sac ky va giam thoi gian phan tich.
c. Khdo séat dnh hwéng ciia néng dp L-Cysteine (Cys)

L-Cysteine (Cys) dugc thém vao pha dong B lam tac nhan tao phtc. Khi
d6 cac cation Hg(II) va MeHg* dugc chuyén thanh anion phac Hg(Cys),? va
MeHg(Cys)". Do d6, ndng do Cys s& anh hudng téi qua trinh tach cac dang As,
Hg. Anh huang cia nong do Cys téi qua trinh tach dong thoi cac dang As va
Hg duoc khao séat va tbi wu trong khoang tir 1 dén 20 mM. Két qua khao sét
duogc dua ra trong Hinh 3.5, Hinh 3.6 va Bang 3.5, Bang 3.6.

14.00 - —a—As(lll) —e—DMA MMA —e—As(V)
12.00 A
g
'8 10.00 -
E
& 8.00 -
en
B
=
= 6.00 -
\ / ®
4.00 - * —
— —— i A
2.00 . . . .
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Hinh 3.5. Anh huwong ciia nong dé Cys tdi thoi gian luu ciia 4 dang As.
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Hinh 3.6. Anh huong ciia nong do Cys tdi thoi gian luu ciia 2 dang Hg.

Nhu trén Hinh 3.5, ban dau thoi gian luu ctia cac dang As giam nhanh
cho t&i khi nong do Cys tang tdi 5 mM thi thoi gian luu cia cac dang As ¢6 xu
huéng giam véi sy ting ndng d6 Cys trong pha dong B va én dinh trong khoang
nong d6 15 — 20 mM. Trong khoang ndng d6 nay, do phan giai cua cac peak
sac ky cua cac dang As tot hon so vai trong khoang nong d6 5— 10 mM. Puong
nén tach 4 dang As dat duoc khi néng d6 Cys lén hon 5 mM.

Hinh 3.6 cho thay ¢ nong do Cys la 1 mM, hai dang Hg va MeHg duoc
rira giai cuing IGc. Khi ndng d6 Cys ting, thoi gian luu cua hai dang trén c6 xu
huéng giam va on dinh & khoang nong do Cys 15 — 20 mM.

Khi pH=6,0 Cys mang dién tich am. Nong do Cys cang ting khién mat
d6 dién tich &m canh tranh dién tich duong tir TBAH nham day nhanh qua trinh
rua giai cac anion As (DMA, MMA, As(V)) trén pha tinh. Riéng As(111) mang
tinh trung tinh nén khéng anh huong boi nong do Cys [59].

Nong d6 Cys cang 16n khién thoi gian luu cua Hg(ll) va MeHg cang
giam. Nong do Cys duoc lya chon 12 15 mM.
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Bang 3.5. Anh huong ciia nong do Cys ti thoi gian luu ciia 4 dang As.

A A Thoi gian lwu (phut
Nong do Cys (mM) As(I11) Dl\g/IA I\/I(II:/IA : As(V)
1 2,80 498 | 913 13,42
5 2,82 401 | 583 6,37
10 2,78 398 | 541 6,17
15 2,80 452 | 597 6,83
20 2,82 486 | 583 7,15

Bang 3.6. Anh huong ciia nong do Cys t6i thoi gian lwu ciia 2 dang Hg.

Néng d9 Cys (mM) T:‘g"zlgl;a“ '“““;1;';“9‘)
1 6,97 6,97
5 4,91 5,88
10 4,63 5,64
15 4,69 5,60
20 4,83 5,60

d. Khao sat @anh hweng cua pH

pH 1a mot trong nhitng yéu td anh huéng dén qua trinh phan tach va thoi
gian luu ctia cac dang As va Hg do cac dang cd hang sé pKa khac nhau. Khoang
pH duoc khao sét 12 5,0 dén 6,5 va két qua duoc thé hién trong cac hinh sau.

8.00 -

o X
o o
) S

Thoi gian luu (phat)
ol
o
o

——As(lll) ——DMA

MMA —e—As(V)

4.00

3.00 . Y .

2.00 T T T T
45 5.0 5.5 6.0 6.5

Hinh 3.7. Anh hudng cia pH t6i thoi gian lheu ciia 4 dang As.

pH

7.0
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Hinh 3.8. Anh huong ciia pH t6i thoi gian luvu ciia 2 dang Hg.

Cac két qua trén cho thay, dang Hg(IT) va MeHg déu c6 do phan giai tét
& khoang pH khao sat. Tuy nhién, vai 4 dang As, pH=6,0 cho d6 phan giai gitra
cac peak sic ky tét nhat.

Bang 3.7. Anh huong ciia pH t6i thoi gian luu ciia 4 dang As.

oH Thai gian luu (phut)

As(l11) DMA | MMA | As(V)
5,0 2,77 3,33 5,79 5,99
55 2,79 3,93 5,44 5,89
6,0 2,81 4,53 5,96 6,85
6,5 2,86 5,02 5,28 7,74

Bang 3.8. Anh hurong ciia pH t6i thoi gian luu ciia 2 dang Hg.

oH Thaoi gian luu (phut)
Hg(ll) MeHg
5,0 4,48 5,59
55 4,49 5,12
6,0 4,68 5,59
6,5 5,41 5,71

Trong diéu kién trung tinh As(V), MMA, DMA bi kht proton tao thanh
cac anion trong khi As(111) tén tai dudi dang trung tinh.
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As(V) 1a chat rira giai cham nhat do tinh chat pKal (2,19) va pKaz2 (6,98).
As(111) c6 it kha nang luu giir lai do né ton tai ¢ dang trung tinh do gia tri pKa
cao (9,23). Khi pH cang tang thi gian Iuu cang kéo dai voi dang DMA, MMA,
As(V), trong khi As(III) khong thay d6i do tinh chét ton tai & dang trung tinh
[59].

Hg(Il) va MeHg c6 xu hudng tang nhe thoi gian luu nhung khong dang
ké. Do d6, pH=6,0 duoc lya chon 1a diéu kién téi uvu dé phan tich dang dong
thoi hai nguyén to cia As va Hg.

e. Khdo séat dnh hweng ciia néng dp dung moi Methanol

Methanol 1a mot dung méi hitu co thuong duoc thém vao pha dong dé
lam ting cuong d6 tin hiéu caa ion phan tich. Tuy nhién, thanh phan hitu co
véi ndng do cao bi chuyén thanh can carbon den dudi nhiét do cua plasma va
tich lai trén dudng 6ng dan mau cua plasma torch va trén, xung quanh 15 cua
con mau va con skimmer, dan dén sy bam ban va giam hiéu suat cua thiét bi.
Thong thuong, thanh phan methanol dugc thém vao téi da 13 5%.

MMA
|
As(Ill) -
f\ |
ol Asv
I\ )\ 4% Methanol
DMA  MMA
As(lll)
As V

3% Methanol

As(l11) (.
f\ M |\‘ AsV
JN_ U 2% Methanol
DMA | MMA
As(lIl) Il
A "" Il As V
| S / \ ,' I‘ ,““‘_ 1% Methanol
As(lll)  DmAa, KIMA
( f)\\Q(\\ JS v - 0% Methanol
T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16

Thei gian (phut)

Hinh 3.9. Anh hudng ciia nong dé methanol t6i thoi gian luu ciia 4 dang As.
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MeHg
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,ljggll),,"‘ "‘.\7_77 fl% Methanol
'\ MeHg
Hg(ll) |
|MeHg
M
Hg(ll) | |
J/\\\J‘ !\_;;72% Methanol
i MeHg
i
[
Hg() ||
N\ 1% Methanol

J — B

0% Methanol

T T T T T T T T T T T T T T T T T

0 1 2 3 4 5 6 7 8
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Hinh 3.10. Anh huéng ciia nong dé methanol t6i thoi gian luu cia 2 dang Hg.

—a—As(lll) —e—DMA MMA —o—As(\/)/
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Hinh 3.11. Anh huéng ciia nong dé methanol téi chiéu cao peak ciia 4 dang As.
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Hinh 3.12. Anh hwéng ciia néng dé methanol t6i chiéu cao peak ciia 2 dang

Hg.

Bang 3.9. Anh huréng ciia nong do methanol téi chiéu cao peak ciia 4 dang As.

Nong d6 Methanol (%)

Chiéu cao peak

As(I11) DMA MMA As(V)
0 93188 188035 | 201820 56632
1 210942 | 412717 | 519845 | 144870
2 302734 | 543116 | 582327 | 140139
3 318250 | 554496 | 551285 | 132472
4 324647 | 661227 | 566801 30518
Bang 3.10. Anh hwong ciia nong dé methanol t6i chiéu cao peak ciia 2 dang
Hg.
Nong d6 Methanol (%) Hg (”(;hleu cia\;I)eHg
47710 212646
48141 194034
39540 170319
31921 142690
27336 148426

Hinh 3.11 va Hinh 3.12 cho thay Khi tang nong d6 methanol thi tin hiéu

cua c4c dang As tang 1én 5 rét. Chiéu cao peak cua cac dang As & cac nong do
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methanol tir 1 dén 4% déu tang 1én gap 2 dén 3 1an so vai khi khong c6 methanol
trong pha dong (xem Hinh 3.12). Nguoc lai, cac dang Hg(ll) va MeHg c6 xu
huéng dodng rong chan peak khi nong do methanol ting (xem Hinh 3.11).
Nong d6 methanol 2% duoc lya chon 1a diéu kién ti vu dé dam bao duoc do
nhay cua ca cac dang As va Hg. Bang 3.11 tong hop cac diéu kién téi wu dé
phan tich d6ng thoi dang hai nguyén té cia As va Hg trén hé thiét bj HPLC-
ICP-MS.

Bang 3.11. Théng s6 vdn hanh hé thong ghép néi HPLC-ICP-MS dp dung phén
tich dang As, Hg.

Piéu kién | Thong s6

Hé thong ICP-MS

Cong suét cao tan RF 1600 W

Luu lugng khi Plasma 15 L/phut

Luu luong khi phu tro 1,2 L/phat

Luu lugng khi phu tro tao sol | 1 L/phdt

Nebulizer Glass concentric

Budng phun suong Glass cyclonic

Sample cone Platinum sample cone

Skimmer cone Platinum hyper skimmer cone

Ché d6 do DRC - Phan g dong hoc véi khi Oxy 0,7
mL/phit (DRC)

Monitored ion 1AsO*, 22Hg*

Ché do do pho Peak hopping

Dwell time 200 ms

Rpq 0,6

Phuong phap dinh lugng Phuong phap ngoai chuan

H¢ thong HPLC

Cot phéan tich Shiseido Capcell PAK, MG, C18 column
(5um 4.6*250mm)

Pha dong A:2 mM TBAH;1 mM SBS; pH 6,0; 2%
methanol (v/v)
B: 2mM TBAH; 1 mM SBS; 15 mM Cys; pH
6,0; 2% Methanol (v/v)

Chuong trinh gradient 0-1 phat:100% A
1,1-8 phat:100% B
8,1-16 phut: 100% A

Tbc d6 pha dong 1 mL/phit

Thé tich tiém 50 pL
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3.1.2. Xac dinh thoi gian lwu cia tirng dang As, Hg

Xac dinh thoi gian luu ctua 4 dang As As(l11), As(V), DMA, MMA va
hai dang Hg gém: Hg(11), MeHg véi diéu kién pha dong (2 mM TBAH; 15 mM
L-Cystein; 1 mM Sodium 1-butanesulfonate; pH = 6, 2% Methanol). Cot C18,
tbc ¢6 ImL/phat; thé tich tiém 50 pl cho thdy véi dang As(III) duoc rira giai
dau tién ¢ phat 2,76 phat, tiép toi tha hai 13 DMA & phdt 4,63, MMA ¢ 5,47
phat va cudi cung 1a As (V) & 6,59 phat. Béi véi dang Hg cho thay Hg(ll) ria
giai o phut 4,69 va MeHg rtra giai ¢ phut tha 5,58.

o 1 2 3 4 5 & 7 8
Thoi gian (phat)
Hinh 3.13. Scc do xdc dinh thoi gian luu ciia 4 dang As va 2 dang Hg.

3.2. Xac nhan gi4 tri sir dung ctia phwong phap phan tich dang As,
Hg

3.2.1. Xay dung dwong chuan

Puong chuan cua cac dang As va Hg dugc xay dung boi 5 diém vai nong
do tir 1 — 45 pg/L. Véi diéu kién thong sb ky thuat téi uu thiét bi tién hanh do

day chuan va tinh toan thu duoc két qua dudng chuan cac dang As va Hg duéi
cac hinh va bang sau:
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Hinh 3.14. Buong chudn phan tich dang As(111).
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Hinh 3.15. Puong chudn phan tich dang DMA.
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Hinh 3.16. Puong chudn phan tich dang MMA.
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Hinh 3.17. Puong chudn phan tich dang As(V).
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Hinh 3.18. Puong chudn phan tich dang Hg(II).
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Hinh 3.19. Puong chudn phan tich dang MeHg.
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Bang 3.12. Phuwong trinh dwong chudn phan tich cac dang As, Hg.

STT Dang chat Phuong trinh Hé s6 R?
1 As(111) y = 2710,2x + 768,27 0,9986
2 DMA y = 9968x + 1763,5 0,9995
3 MMA y = 9320,9x + 1585,6 0,9982
4 As(V) y = 6465x + 1053,8 0,9993
5 Hg(ll) y = 1007,2x + 1456,8 0,9994
6 MeHg y =3657,5x + 437,72 0,9993

Puong chuan cua 4 dang As va 2 dang Hg c6 hé sé R2> 0,99 ching to
c6 sy tuyén tinh tot giira cuong do tin hiéu va nong do.

3.2.2. Giéi han phat hién thiét bi (IDL), giéi han dinh lweng thiét bi

(IQL)

Giéa tri gisi han phat hién cua thiét bi (IDL) va gidi han dinh lugng cua
thiét bi (IQL) rat quan trong trong phan tich. Viéc xac dinh IDL va IQL dua
vao phan tich khao sat chiéu cao peak nong do chat c6 ham lugng nho so voi
chiéu cao nhidu nén théa man diéu kién S/N >3 phu hop voi IDL va S/N >10
phu hop voi IQL. Tién hanh xac dinh gidi han phat hién va gisi han dinh luong
cua thiét bi bang cach dya vao chiéu cao tin hiéu thu duoc va tin hiéu nhiéu

nén.

Bang 3.13. GiGi han phat hién (IDL) va gidi han dinh lwong (IOL) cua thiét bi

HPLC-ICP-MS.
Dang chat IDL (ug/L) | IQL (pg/L)
As(111) 0,389 0,934
DMA 0,258 0,621
MMA 0,263 0,631
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As(V) 0,390 0,936
Hg(ll) 0,385 0,924
MeHg 0,374 0,898

Bang 3.14. Gi6i han dinh lwong (IOL) ciia phirong phdp phdn tich Hg téng sé
bang thiét bi CV-AAS.

IQL (pg/L)
Hg (Ni¢u) 0,50
Hg (Nuoc) 0,04

Bang 3.13 cho thay phuong phap phan tich cac dang As va Hg co gigi
han dinh luong (IQL) rat thap trong khoang 0,621 — 0,936 ug/L. Diéu d6 cho
thay phuong phap va thiét bi co6 d6 nhay cao, phi hgp dé phan tich ham lwong
cac dang As va Hg trong cac mau sinh hda va moi truong.

3.2.3. Po chinh x4c ciia phwong phap
3.2.3.1. Pé chinh X&c ciia phwong phdp véi nén médu niéu

Do chinh xac cua phuong phap phan tich dang da nguyén t6 caa As va
Hg trén nén mau niéu duoc danh gia théng qua cac thong sé gom do lap lai va
do dung.

Do lap lai duge xac dinh bing cach phan tich 13p mau niéu thém chuan
7 lan va tinh toan gia tri do léch chuan (RSD%).

Do khéng c6 mau chuan chiing nhan CRM phu hop nén d6 ding duoc
danh gia qua do6 thu hoi trén mau thuc thém chuan ¢ 3 khoang nong d6 5, 10 va
25 pg/L. Cac mau duogc phan tich 1ap 4 1an va tinh todn do thu hoi (%). Két qua
duoc dua ra trong bang sau.

Két qua trong Bang 3.15 cho thdy phuong phap xay dung duogc c6 do 1ap
lai tot véi gia tri RSD% cua 4 dang As va 2 dang Hg twong ung 12 2,7 — 3,4%
va 4,0 — 12,9%, nho hon gia tri RSD cho phép cia AOAC la <15 —21% trong
khoang néng d6 10 — 100 pg/L. Mau niéu thém chuan & 3 ndng d6 5, 10 va 25
ug/L c6 do thu hdi cua 4 dang As trong khoang 98,5 — 107,3%. Vi dang Hg(11)
va MeHg, d6 thu hoi 12 96,3 — 105,8%. So sanh véi gia tri ¢o thu hdi cho phép
theo AOAC 1a 60 — 115% ¢ khoang néng d6 10 pg/L va 80 — 110% & nong do
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100 pg/L cho thdy phuong phéap xiy dung dugc co do thu hdi tét trén nén mau

niéu.

Bang 3.15. P chinh xdc ciia phwong phdp phdn tich véi nén mau niéu.

P thu hoi (%)
Dang g‘églz(,}:;')‘ Nong dp them | Nongdp them | Nong d thém
chuan 5 (ug/L) | chuan 10 (ug/L) | chuan 25 (ug/L)
As(111) 2.7 102,9 107,3 100,3
As(V) 3.1 97.0 102,4 101,4
DMA 3.4 99.3 99,0 98,7
MMA 3,2 98,5 100,4 102,1
Hg(l1) 12,9 105,8 104,2 96,3
MeHg 4,0 103,0 99.9 100,0

3.2.3.2. Pé chinh X&c ciia phwong phdp véi nén méu nwéc

Tuong tu nhu nén mAau niéu, do chinh xac cia phuong phap véi nén mau
niéu ciing dugc danh gia qua do 14p lai va do thu hoi trén mau thuc thém chuan.

Do 1ap lai dugc xac dinh bang cach phan tich Iap mau nuéc thém chuan
7 1an va tinh toan gia tri 6 léch chuan (RSD%).

Véi do dung thi tién hanh thém vao nén mau 3 nong do chuan 5, 10, 25
/L va phan tich Iap lai 4 lan. Panh gia d6 dung dua vao do thu hoi cia cac lan
thém chuan vao nén mau. Két qua danh gia duoc trinh bay trong bang sau:

Bang 3.16. Xdc nhdn gid tri sir dung ciia phirong phdp phdn tich véi nén mau

nuoc.
P thu hoi (%)

Do lap lai A o Nong do thém | Nong do thém
Dang Nong do them 2 2

RSD (%) < chuan 10 chuan 25

chuan 5 (ug/L)
(ng/L) (ng/L)

As(I1) 3,4 103,8 106,8 101,9
As(V) 3,4 88,6 95,5 99,9
DMA 3,6 104,9 99,5 101,1
MMA 3,6 97,0 97,8 96,3
Hg(ll) 12,8 100,6 105,0 97,1
MeHg 4,2 97,3 101,3 99,8
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Két qua tinh toan do 1ip lai cua cac dang As va Hg trén nén nuéc cho
thay do léch chuan tuong ddi RSD (%) trong khoang 3,4 — 12,8%, nhé hon so
V6i quy dinh cia AOAC vé do léch chuan tuong dbi (< 15%). Do lap lai tot thé
hién su 6n dinh cua phuong phap trong nén mau nudc.

Do thu hdi & 3 mic ndng d6 5 pg/L, 10 pg/L, 25 pg/L cua 4 dang As va
2 dang Hg twong ung la 88,6 — 106,8% va 97,1 — 105,0%, dat yéu cau cua
AOAC 12 60 — 115% & khoang nong do 10 — 100 Ww/L. Két qua trén cho thay
phuong phap xay dung dugc c6 dd thu hoi tdt trén nén mau nudc.

Tur cac két qua danh gia do 1ap lai va do thu hoi trén nén mau niéu va
mau nudc o thé két luan rang phuong phap HPLC-ICP-MS x4y dung duoc ¢6
d6 chinh xac cao, do lap lai tt va dang tin cay dé phan tich cac dang As va Hg
trong mau niéu, mau nuéc noi rieng va mau sinh hda, mau moi truong noi
chung.

3.3. Phan tich ham lwong As va Hg tong s6 trong mau sinh hec va
moi truong

3.3.1. Xay dwng dwong chuan phan tich ham lweng As tong s6 bang
phwong phap ICP-MS

Ham lugng As tong s6 trong cac mau sinh hoc va méi truong duoc phan
tich bang phuong phap ICP-MS sir dung ché d6 dong hoc phan tng (DRC) voi
khi oxy, trén hé thiét bi ICP-MS NexION 2000, PerkinElmer. Cac diéu kién
phan tich As bang phuong phap ICP-MS dugc dua ra trong Bang 3.17 sau.

Bang 3.17. Piéu kién phan tich As trén thiét bi ICP-MS NexION 200
(PerkinElmer, Hoa Ky).

Cong suat cao tan RF 1600W
Khi tao plasma (Plasma gas) | 15 L/phut

Khi phu trg (Auxilary gas) | 1,2 L/phat
Khi tao sol (Nebulizer gas) | 1,00 L/phut

Nebulizer Glass concentric

Budng phun swong Glass cyclonic

bién &p vao -1V




o1

bién ap ra

-1V

Thoi gian hit mau

75 giay

Ché d¢ do - Phan tmg dong hoc véi khi Oxy 0,7 mL/phat
(DRC)
Ion do AsO* (m/z 91), In* (m/z 115)

Ché do ghi phé

Peak hopping

Phuong phap dinh lugng Phuong phéap noi chuan

Puong chuan phan tich As duoc xay dung bang cach chuan bi day cac
dung dich chuan As(V) c6 ndng d6 0 pg/L; 0,1 pg/L; 0,5 pug/L; 1 pg/L; 5 pg/L;
10 pg/L; 25 pg/L va 50 pg/L tir dung dich chuan goc As(V) 10 mg/L, c6 sir
dung ndi chuan In 5 pg/L dugc thém truc tuyén qua mot ng ndi chit T lap sau
bom nhu dong dé tron voi dong mau trong qué trinh din mau vao thiét b.
Puong chuan xay dung duoc 13 phuong trinh hdi quy tuyén tinh gitra ndng do
As va tin hiéu do 1a ty 1€ tin hiéu AsO/In.

Bang 3.18. Twong quan giita tin hiéu do va nong dj As.

Néng @9 As Tin hi¢u do
(Mo/L) AsO (cps) In (cps) AsO/In
0 44,0 37028,9 0,001
0,1 273,3 35807,5 0,008
0,5 1067,0 35572,5 0,030
1 2035,8 35596,4 0,057
5 9671,6 35909,4 0,269
10 19366,8 34738,1 0,558
25 52170,4 35085,9 1,487
50 103498,2 33391,2 3,100
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Hinh 3.20. Puong chudn phdan tich As téng so.

Puong chuan cua phép do phan tich As tong s6 c6 do tuyén tinh tét voi
hé s6 tuong quan R? = 0,9993 (dat yéu cau 0,99 < R%< 1), chiing t6 ¢6 sy tuyén
tinh tot giira cudong do tin hiéu va nong do.

3.3.2. Xay dung dwong chuian phan tich ham lweng Hg tong sé6 biang
phuwong phap CV-AAS

Ham luong Hg tong sé trong cac mau sinh hoc va méi trudng duoc phan
tich bang phuong phap quang pho hap thu nguyén tir sir dung k¥ thuat hoa hoi
lanh (CV-AAS) trén hé thiét bi phan tich vét thay ngan Model HG-201. Bé xay
dung dudng chuan Hg téng sb, cac dung dich chuan Hg(ll) c6 néng do 0,05
ug/L; 0,1 pg/L; 0,2 pg/L; 0,4 pg/L; 0,6 pg/L; 0,8 pg/L va 1 pg/L dugc chuan
bi tir dung dich chuan géc Hg(I1) 1000 mg/L va tién hanh xt Iy mau nhu véi
mau thyc, sau d6 do phd hap thu nguyén tir cia Hg. Su twong quan giita nong
d6 Hg va tin hiéu do (chiéu cao peak) dugc dua ra trong bang va hinh sau.

Puong chuan (xem Hinh 3.21) caa phép do phan tich Hg tong sb ¢
phuong trinh hdi quy y = 121,59x + 2,4987 véi hé sé twong quan R? = 0,9997
dat yéu cau 0,99 < R2< 1.



53

Bang 3.19. Twong quan giita tin hiéu do va nong dé Hg.

Nong dd (ug/L) Chiéu cao peak (mm)
0 3,0
0,05 8,2
0,1 14,8
0,2 27,2
0,4 49,6
0,6 76,5
0,8 99,4
1,0 124,3
140.0 -
y = 121.50x + 2.4987
Rz = 0.9997 o
120.0 A
1000 o
£
£
§ 80.0 A ®
o
8 60,0 -
~<~Q p
= o
(@)
40.0 A
20.0 A . i
0.0 ¥ . . . . . .
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Néng d6 Hg (ug/L)

Hinh 3.21. Puong chudn phan tich Hg tong so.

3.3.3. Két qua phan tich ham lwong As va Hg tong s6

Ham lugng As va Hg téng s6 trong 7 mau niéu va 6 mau nude duoc dua

ra trong bang sau:
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Bang 3.20. Két qud phan tich tong As, Hg.

M3u/ Dang phan tich Keét qua phan tich tong Kézt qua phéan tich
As (Hg/L) tong Hg (ug/L)
BN-01 56,99 <IQL ™
BN-02 11,13 5,77
BN-03 4,00 <IQL V)
Miu niéu | BN-04 5,77 <1QL D
BN-05 7,92 <IQL ™
BN-06 2,77 <lQL (V)
BN-07 18,25 <IQL V)
MT-L4 33,36 <IQL
MT-L5 83,91 <IQL 2
Miu nuée MT-L6 42 44 <IQL (2
MT-M3 1,48 <IQL 2
MT-M1 32,00 <IQL
MT-L1 3,09 <IQL 2
Ghi cha:

« 1QL “Y: Gidi han dinh lwong ciia Hg tong sé trong mau niéu bang phiong phdp CV-
AAS: 0,5 (ug/L).

« 1QL C: Gidi han dinh lwong ciia Hg tong sé trong mau mwdc bang phwong phdp
CV-AAS: 0,04 (pg/L).

3.4. Phan tich dang dong thoi ciia As va Hg trong cac mau sinh hoc
va moi truong

Két qua phan tich dong thoi cac dang caa As, Hg trong mau sinh hoc va
moi truong dugc trinh bay trong cac hinh (Hinh 3.22, Hinh 3.23) va Bang 3.21
dudi day:

Véi mau nuéce, Quy chuan ky thuat qudc gia vé chat luong nudc mit
QCVN 08:2023/BTNMT quy dinh gié tri gidi han ti da caa As tong so trong
nudc mat co anh huong téi sic khoe con nguoi la 0,01 mg/L (10 pg/L). Trong
6 mau nudc, 6 4 mau MT-L4, MT-L5, MT-L6 va MT-M1 c6 ham luong As
tong s6 vuot qué gigi han cho phép véi ham luong twong tng 14 33,36; 83,91;
42,44 va 32,00 pg/L. Ham lugng tong cac dang As nho hon so véi ham luong
As tong sb phan tich bang ICP-MS. Biéu nay cd thé giai thich 1a do ngoai 4
dang As duoc nghién ciru, ¢ thé con c6 cac dang As khéc ton tai trong mau

nuoc.
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Hinh 3.22. Sdc do phdn tich mau niéu cia bénh nhdan BN-01.
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Hinh 3.23. Sdc dé phdn tich mau nwée MT-L5.

Két qua trong Bang 3.21 cho thay As vo co 1a dang ton tai chinh trong
C4C MAu nudc V6i phan traim so voi ham lugng As tong sé 1a 47,8 — 93,8%.
Dang DMA dugc tim thay trong 2 trong s6 6 mau nudc véi ham lugng chiém
1,4% va 17,4%. Dang MMA chi duoc tim thay trong 1 mau véi ham luong
17,5% so voi ham lwong As tong sé.

Véi mau niéu, ham luong As tong so trong khoang 2,77 — 56,99 ug/L.
Theo thong tu s6 15/2016/TT-BYT ngay 15 thang 5 nim 2016 ctia Bo Y té ban
hanh vé Quy dinh vé& Bénh nghé nghiép dugc huong Bao hiém x& hoi, ham
luong As tdi da cho phép trong mau niéu 1a 80 pg/L (nhiém doc man tinh).
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Goldfrank's Toxicologic Emergencies dua ra ham Iuwong As cho phép trong
mau niéu 1a 50 pg/L (0,67 pmol/L [68]. Két qua trong Bang 3.21 cho thay chi
c6 1 mau niéu c6 ham luong Ién hon gidi han cho phép cua Goldfrank's véi
ham luong 1a 56,99 pg/L. Tuong ty nhu mau nudc, tong 4 dang As trong cac
mAu niéu ciing nho hon so v4i ham lugng As tdng s6. Ngoai cac dang As(l11),
As(V), DMA va MMA, trong mau niéu c6 thé con ton tai cac dang As khac
nhu AsB, AsC ma chua dugc nghién ctru trong nghién cuu nay.

Bdang 3.21. Ham lwong cdc dang As trong cdc mau sinh hoc va méi trieong.

Ham lugng cic dang As (ng/L) | Ham lugng téng lu’?ijs
Tén miu cdc dang As tf?;ngg s0
InAs DMA MMA (ug/L) (Lg/L)
(Mg/L) | (ug/L) (ng/L) (HPLC-ICP-MS) (ICP-MS)
BN-01 33,35 1,59 2,96 37,89 56,99
BN-02 2,65 1,84 2,66 7,16 11,13
. BN-03 3,19 KPH KPH 3,19 4,00
1:5:“1‘ BN-04 | <IQL™ | KPH KPH <IQL ¢? 5,77
i BN-05 KPH KPH | <IQL (™ <IQL ¢4 7,92
BN-06 1,94 KPH KPH 1,94 2,77
BN-07 6,28 1,85 3,20 6,28 18,25
MT-L4 25,88 KPH KPH 25,88 33,36
MT-L5 50,78 1,20 KPH 51,98 83,91
Miu | MT-L6 20,27 7,39 7,44 35,09 42,44
nuéec | MT-M3 | <IQL ™ | KPH KPH <IQL 3 1,48
MT-M1 30,00 KPH KPH 30,00 32,00
MT-L1 2,68 KPH KPH 2,68 3,09
Ghi cha:

QL 3 Gidi han dinh heong thiét bi ciia dang As(111), As(V):0,93 (ug/L).

* IQL ® Gidi han dinh lwong thiét bi ciia dang MMA:0,63 (ug/L).

* InAs: Tong ham hrong dang As(111) va As(V).

* KPH: Khong phat hién.

Dang As v6 co (bao gdm As(111) va As(V)) 1a dang ton tai chinh, chiém

69,3 — 80,9% trong ham luwong As tong sb. Hai dang khac cua As 1a DMA va
MMA dugc tim thay trong tuong wng 12 2 mau niéu (chiém 5,2% va 17,55% so
v6i ham luong As tong s6) va 1 mau niéu (chiém 27,1% so véi ham luong As
tong s6). Két qua nay va khang dinh ring cac ngudn tiép xdc As chinh véi con
ngudi chi yéu dén tir cac ngudn nhu nudc, thuc pham (gao) va hoan toan phu
hop véi nghién ciru cua tac gia Nguyén Manh Ha [42].
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Két qua phan tich dang Hg trong Bang 3.22 cho thay so sanh véi As, ham
lwgng Hg tong sé trong cac mau nudc va mau niéu déu nho. Sau miu nudce déu
c6 Hg tdng sé nho hon gidi han dinh luong (IQL) va khong phét hién cac dang
Hg(Il) va MeHg. Do d6, cac mau nudc trén déu dat tiéu chuan vé ham luong
Hg theo Quy chuan ky thuat qudc gia vé chat lwong nuéc mat QCVN
08:2023/BTNMT (Hg < 0,001 mg/L).

Trong s6 7 mau niéu khao sat c6 6 mau niéu co6 ham luong Hg tong sd
nho hon gidi han dinh lugng (IQL) va khong phat hién cac dang Hg(ll) va
MeHg. Mau niéu BN-02 phét hién duoc Hg tong s6 véi ham luong 145,77 pg/L
va dang Hg(ll) 1a 0,92 pg/L. Theo Goldfrank's Toxicologic Emergencies [69],
ham lugng Hg trong nudce tiéu nguoi binh thuong 12 < 20 pg/L. Nhu vay, cac
mau niéu khao sat déu c6 ham luong Hg trong gidi han cho phép.

Bdang 3.22. Ham lwong cdc dang Hg trong cdc madu sinh hoc va méi truong.

x A Két qua tong hai dan Két qua phan tich
Ma“/tl,lgﬁ“Hg phan Hg(/'l_') Me/ﬁ'_g Hg ?HPLCﬁCP-I\/iS)g ténqug (F()ZV-AAS)
g (ho/L) | (nolL) (Lg/L) (Lg/L)
BN-01 | <IQL *® | KPH <IQL 9 <IQL ¢
BN-02 | 0,92 KPH 0,92 5,77
. BN-03 | KPH KPH KPH <1QL V)
11\141:1‘1‘ BN-04 | KPH | KPH KPH <IQL™
; BN-05 | KPH KPH KPH <IQL V)
BN-06 | KPH KPH KPH <IQL V)
BN-07 KPH KPH KPH <IQL V)
MT-L4 | KPH KPH KPH <IQL 2
MT-L5 | KPH KPH KPH <IQL 2
Miu | MT-L6 | KPH KPH KPH <IQL 2
nuéec | MT-M3 | KPH KPH KPH <IQL 2
MT-M1 | KPH KPH KPH <IQL 2
MT-L1 | KPH KPH KPH <IQL 2
Ghi chu:

« 1QL UD: Gidi han dinh lwong ciia Hg tong sé trong mau niéu bang phirong phéap CV-
AAS: 0,5 (ug/L).

« 1QL “: Gidi han dinh hrong ciia Hg tong sé trong mau nwée bang phirong phdp
CV-AAS: 0,04 (pg/L).

« 1QL ©%): Gigi han dinh heong ciia thiét bi HPLC-ICP-MS: Hg(11): 0,92 (ug/L)
» KPH: Khong phat hién.
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KET LUAN

Qua viéc nghién ctiu xay dung phuong phap phan tich dang dong thoi
cua hai nguyén t6 As va Hg bang phuong phap HPLC-ICP-MS va 4p dung dé
phan tich mot s mau sinh hoc va moéi trudng, dé tai luan van da thu dwoc cac

két qua nhu sau:

Pa nghién ctu khao sat va lua chon dugc cac diéu kién téi uvu dé phan
tich dang dong thoi caa hai nguyén td As va Hg (As(111), As(V), DMA, MMA,
Hg(I1), MeHg) bang hé ghép néi HPLC-ICP-MS bao gom: cot C18 Shiseido
Capcell PAK, MG (5 pm, 4,6 x 250 mm); pha dong A va B véi thanh phan
2mM TBAH; 1 mM SBS; 15 mM Cys; pH 6,0; 2% methanol (v/v).

Puong chuan cua 4 dang As va 2 dang Hg c6 nong do tir 1 pg/L dén 45
ug/L va cho hé sé twong quan R?tir 0,9955 — 0,9999 nam trong khoang gigi
han cho phép 0,99 < R2< 1. Gigi han phat hién (IDL) va gi6i han dinh lugng
(IQL) cua 4 dang As tuong trng la 0,258 — 0,390 pg/L va 0,621 — 0,936 ug/L.
Vi 2 dang Hg, IDL 1a 0,374 — 0,385 va IQL 1a 0,898 — 0,924 ug/L. B0 lap lai
ctia phuong phap danh gia trén mau thyc thém chuan cho két qua do léch chuan
tuong d6i (RSD%) cua 4 dang As va 2 dang Hg 14 2,7 — 12,9% dat yéu cau cua
AOAC (< 15-21%). Do thu hdi trén mau thuc thém chuan & 3 khoang nong do
cling cho két qua do thu hoi tét trén ca nén mau niéu va mau nudc (88,6-
107,3%). Do d6, phuong phép phan tich dang dong thoi cua hai nguyén té As
va Hg xay dung duoc c6 do chinh xac cao, do lap lai tét va dang tin cay dé phan
tich cac dang As va Hg trong mau niéu, mau nudc néi riéng va mau sinh hoa,
mau moi trudng noi chung.

P ap dung phuong phap xay dung dugc dé phan tich x4c dinh dong thoi
ham luong 4 dang As va 2 dang Hg trong 7 mau niéu thu thap tai Trung tam
chéng doc Bénh vién Bach Mai va 7 mau nuéc ¢ tinh Thai Nguyén. Két qua
cho thay dang As v6 co (As(III) va As(V)) 1a dang ton tai chinh trong mau nudc
Va mau niéu véi ti 1 twong tng la 47,8 — 93,8% va 69,3 — 80,9% so véi ham
lugng As tong sd. Céac dang As khac bao gom DMA va MMA duoc tim thay
trong mot vai mau véi ham luong thap. Hg tong sb va dang Hg(11), MeHg trong
C4C MAU niéu va mau nudc hau hét c6 ham lugng nho hon gidi han dinh luong

(IQL).
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Phu luc B. Két qua xac nhan gia tri sit dung cia phwong phap

Phy lyc Bang B.1. Gid tri sir dung ciia phirong phdp phan tich nén mau Niéu: D6 ldp lai

Do Lip lai nén miu Niéu

Stt As(I11) DMA MMA As(V) | Hg(ll) | MeHg
1 88617 236456 219934 133048 | 28467 | 34374
2 90120 220352 235701 140554 | 35714 | 36380
3 89681 228579 236660 132136 | 31284 | 36106
4 91656 221812 226923 140660 | 24102 | 36665
5 85261 216151 224044 139893 | 33450 | 34735
6 88988 214345 223526 132352 | 30762 | 32912
7 85276 226687 237758 140789 | 35131 | 36557

TB 88514 223483 229221 137062 | 31273 | 35390

SD 2419 7686 7314 4274 4060 1419

%RSD 2,7 3,4 3,2 3,1 13,0 4,0
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Phy luc Bang B.2. Gid tri sir dung ciia phirong phdp phén tich nén mau sinh hoc (mdu Niéu): Bé ding.

Do dung As(11I)
Thém Thém Thém
MAau | chudn5 | chuin 10 | chuin 25

(o/L) | (ug/L) (Ho/L)

1 9484 25093 38127 74456
2 0348 19709 42497 77847
3 9198 22746 40367 74944
4 9423 20858 40703 74971
B 9363 22101 40423 75554

SD 2355 1794 1547
R (%) 102,85 107,31 100,29

DPo ding MMA
Thém Thém Thém
Miu | chudn 5 | chuin 10 | chuin 25

(Hg/L) (Hg/L) (Hg/L)
1 26824 | 79626 106743 264505
2 25115 | 73449 119360 255933
3 27068 | 71538 114566 264176
4 24870 | 77021 109050 260700

SD 3615 5668 3988
R (%) 98,48 100,44 102,13

Do ding As(V)
Thém Thém Thém
MAu | chuén 5 | chuin 10 | chuin 25
(o/L) | (po/l) | (pg/L)
1 59099 | 37421 79461 163409
2 5613 | 30975 74512 169437
3 5749 | 33393 74318 158618
4 5759 | 35991 77283 162648
B 5780 | 34445 76394 163528
SD 2852 2453 4465
R (%) 96,99 102,44 101,39
Do ding DMA
Thém Thém Thém
MAu | chuén 5| chuin 10 | chuén 25
(Mo/L) | (ug/lL) | (po/L)
1 18714 | 79611 114466 267693
2 21092 | 70850 115837 261441
3 19114 | 72569 119658 269587
4 19949 | 75327 109135 267827
SD 3822 4354 3569
R (%) 99,31 98,99 98,74




Do ding Hg(II)
Thém Thém Thém
MAu | chuian5 | chuin 10 | chuén 25
(Mo/L) (Ho/L) (Ho/L)
1 5506 13750 19455 27062
2 5439 11322 16958 31253
3 5560 6868 12996 33337
4 5408 15380 19342 33863
TB 5478 11830 17188 31379
SD 68 3704 3022 3091
R (%) 0 105,82 104,21 96,28
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Do ding MeHg
Thém Thém Thém
MAu | chuian5 | chuin 10 | chuén 25

(Ho/L) (Ho/L) (Ho/L)

1 7222 27266 39856 97259
2 7118 26507 41746 97406
3 1754 27470 41703 97235
4 7246 30069 46390 93612
B 7335 27828 42424 96378

SD 285 1551 2787 1845
R (%) 0 103,00 99,91 100,02
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Phy luc Bang B.3. Gid tri sir dung ciia phirong phdp phén tich nén mau méi truong (mau) nwée: D6 ldp lai

Po Lip lai nén miu Nuéce
STT As (1) As(V) DMA MMA | Hg(ll) | MeHg
1 99004 133967 221521 221483 | 30292 35739
2 93578 134460 228521 228243 | 26947 36398
3 91559 145190 229967 235493 | 30460 37357
4 89753 140727 225859 244523 | 35568 36088
5 91257 144481 236014 233554 | 35121 34555
6 90720 143586 221423 221310 | 29267 36198
7 91101 143608 210614 232139 | 38554 39407
B 92425 140860 224845 230964 | 32315 36535
SD 3123 4749 8070 8195 4144 1517
%RSD 3,4 3,4 3,6 3,5 12,8 4,2
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Phu luc Bang B.4. Gia tri s dung ciia phwong phdp phén tich nén mau méi trieong (Mau nuéc): Bé ding.

Do dung As(III) Do dung As(V)
Thém Thém Thém Thém Thém Thém
Mau chuén 5 chuin 10 | chuin 25 Mau chuén 5 chuin 10 | chuin 25
(Ho/L) (Ho/L) (Ho/L) (Ho/L) (Ho/L) (Ho/L)
1 9272 25835 31594 71537 1 5985 35225 73152 160070
2 9513 18976 36748 69446 2 6131 32176 68602 160357
3 9408 19233 39139 76919 3 5965 31996 70577 160220
4 9498 23611 34642 75581 4 5724 29170 74911 165143
B 9423 22274 40334 76658 B 5951 32142 71810 161448
SD 3370 3203 3476 SD 2474 2783 2466
R (%) 103,76 106,79 101,87 R (%) 88,62 95,54 99,94
Do ding DMA Do ding MMA
Thém Thém Thém Thém Thém Thém
MAu chuén 5 chuin 10 | chuin 25 Mau chuén 5 chuin 10 | chuin 25
(Ho/L) (Ho/L) (Ho/L) (Ho/L) (Ho/L) (Ho/L)
1 24167 70088 120640 275422 1 26696 76957 119406 254772
2 24033 74311 118234 270439 2 29511 73711 109323 251697
3 18608 68176 115746 268956 3 26254 72076 108324 245693
4 22409 76369 101904 266616 4 27394 81934 109476 244987
B 20218 78183 115785 272954 B 27464 76169 111632 249287
SD 3763 8393 3725 SD 4346 5208 4736
R (%) 104,90 99,52 101,07 R (%) 97,02 97,78 96,25
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Po dang Hg(Il) Do diung MeHg

Thém Thém Thém Thém Thém Thém

Méiu chuin5 | chuian 10 | chuin 25 Méiu chuin 5 chuian 10 | chuén 25
(Ha/L) (Ha/L) (Ha/L) (Ha/L) (Ha/L) (Ha/L)
1 5657 13184 15530 29099 1 7387 26750 43033 95607
2 5617 14957 20391 32270 2 7501 24680 41128 94822
3 5461 9932 19508 35747 3 7066 26837 45035 97614
4 5353 8164 13871 29445 4 7360 28464 42466 96588
B 5522 11559 17325 31640 TB 7329 26683 42915 96158
SD 3074 3126 3084 SD 1550 1623 1210
R (%) 100,58 105,04 97,09 R (%) 97,28 101,33 99,78
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Poc lap - Tw do - Hanh phiic

BAN GIAI TRINH CHINH SUA LUAN VAN )
THEO KET LUAN CUA HOI PONG PANH GIA LUAN VAN THAC SI

Ho tén hoc vién: Bui Duong Giang

L6p:Hoéa phéan tich 2021B

Tén d& tai luan van: Nghién ctru phan tich dong thoi cac dang As, Hg trong mau

sinh hoc va méi truong bang phuong phap sa

r

¢ ky long hiéu nang cao ghép nbi phd

nghién ti ngudng Plasma cam ung cao tan (HPLC-ICP-MS)

Chuyén nganh: Hoa phan tich
Ma s0: 8440118
Nguoi huong dan khoa hoc 1: TS. Duong Tuén Hung
Ngudi huéng dan khoa hoc 2: TS. Bui Van Hoi
Ngay bao vé luén van: 18/10/2024

Can ct bién Ban hop Hoi dong danh gia luén van thac s, hoc vién da ch

stra luan van nhu sau:

CVACS:
4 A

Z\ .
HOC VIEN

<[ kHOA HOC Y

Z\ cONG NGH!

%
STT | Noi dung dé nghi bo sung, chinh sira | N¢i dung da b6 sung, chinl\%?’”’;""’é
sira
1 D3 khao sat toi wu thanh phan pha | D3 chinh sta (trang 37)
dong tuy nhién chua st dung chinh
xac diéu kién t6i uu trong phén tich
(trang 37 stt dung 20mM Cys)
2 Hinh 3.13 nhdm lan dit tén trén sic | Pa chinh sta (trang 37)
ky db (trang 37)
3 Bang 3.6 dua ra phuong phép dinh | Da chinh stra (trang 45)
lugng 14 ngoai chudn (trang 44-45)
nhung thuc té phuong phap st dung
1a no1 chuén véi nodi chuén In
4 Pon vi danh may nham, sira lai thanh | D4 chinh sira (trang 43)
““ ug/L”’ (trang 43)
5 Chinh stra 151 chinh ta, thuat ngft d6i | Da chinh sira (trang 1, 2, 4,7, &,
khi chua chinh xac. Cin su dung |9, 10, 11, 12, 13, 14, 15, 19, 20,
théng nhat tén, thuat ngit héa hoc | 23,24,37, 42, 43,52, 53)
trong toan bo ludn van. Cac bang
biéu, hinh v& dam béo Viét hoa.
6 Phén tong quan bo sung thém céc ky | Pa bo sung ( trang 11,12,13, 19,

Luwu y: Cic chit ky xdc nhin can gan voi ndi dung trén cing mjt trang gidy. Hoc vién sé khong xdc
nhéan néu phan chit ky tich roi voi nji dung.



thuét phan tich dang As va Hg trong | 20)
cac dbi tuong sinh hoc va m01
trLrorng, bao gom k¥ thudt xtr ly mau.
7 Phin khao sat thanh phan cac chat | DA bd sung ( trang 32, 33, 34,
TBAH, SBS, Cys, pH vao thoi gian | 36, 37)

Juu cia cac dang. Sau mdi thi nghiém
cu thé nén cé giai thich veé két qua
thu dugc.

8 St dung d6 phan giai dé nhan xét va | P3a bd sung (trang 32, 33, 34,
bién luan két qua khao sat tuy nhién |36, 37, 38, 41)

khong c6 sd liéu tinh toan do phan
glal gifta cac pic thu duogc.

9 B6 sung mot sd trich dan tai liu |Da bd sung (trang 11, 12, 13,
tham khao trong phén tong quan 19, 20)

Luu y: Trong truong hop Hoi dong yéu cdu xin ¥ kién ctia 02 phdn bién sau bdo vé, hoc
vién can xin chit ky ciua 02 phdn bién xdc nhdn.
Ha Noi, ngay 29 thang 10 nam 2024

CHU TICH HQI PONG TAP THE HUGNG DAN HOQC VIEN

GS.TS. Nguyén Vin Tuyén” TS. Duwong Tuén Hung TS.Bui Van Hei Bui Dwong Giafig

XAC NHAN CUA HQC VIEN KHOA HQC VA CONG NGHE
KT.GIAM POC
PHO GIAM POC

N guyén Thi Trung



VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN Doc lip - Ty do - Hanh phiic
HQC VIEN KHOA HQC VA CONG NGHE

Ha Néi, ngay 18 thdng 10 nim 2024
BIEN BAN HQP HOI PONG PANH GIA LUAN VAN THAC Si

Thyc hién Quyét dinh sé: 1130/QD-HVKHCN ngay 08/10/2024 ctia Gidm
doc Hoc vién Khoa hoc va Cong nghé ve viéc thanh 1ap Hoi dong danh gia ludn
vén thac sf cia hoc vién Bui Duong Giang

Tén d8 tai: Nghién ciéru phan tich dong thoi dang As, Hg trong miu sinh hoc
va moi truong bing phwong phap sic ky 16ng hi¢u niing cao ghép néi phd khéi
nguyén tir nguon Plasma cim tng cao tin (HPLC-ICP-MS)

Nganh: Héa phéan tich

Ma sb: 8 44 01 18

Ho6m nay, ngay 18/10/2024 Hoi (jéng da hop tai phong 1513 Hoc vién Khoa
hoc va Cong nghé vao Itic 9h00, Hoi dong gom 05 thanh vién:

TT Ho va tén i Chitc danh
1. | GS.TS. Nguyén Vin Tuyén Cht tich
2. |PGS.TS. Tr Binh Minh Phén bién 1
3. | TS. Hoang Thi Hwong Thao Phan bién 2
4. | PGS.TS. Nguyén Ngoc Tung Uy vién
5. | TS. Nguyén Lé Anh [{ﬂ};lxlg_

Thanh vién ving mit;
NOI DUNG LAM VIEC

1. Dai dién co s6 dao tao doc quyét dinh thanh 14p Héi ddng d4nh gia luan vin
2. Chu tich Hoi dong, didu khién phién hop

3. Thu ky HP, doc Ii lich khoa hoc v bang diém cia hoc vién

4. Hoc vién trinh bay luan vin truéc Hoi dong

5

. Phén bién 1, doc ban nhén xét ludn vin, dat cau hoi.
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6. Phan bién 2, doc ban nhan xét luan vén, dat cau hoi
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Cau hoi:
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8. Hoi déng hop kin va cho diém
- Hoi dong bau ban kiém phiéu gdm 3 thanh vién:
Trudng ban:
Uy vién:
Uy vién:
- Két qua kiém phiéu nhu sau:
S6 phiéu phatra: §
S6 phiéu thu vé: 5
Téng sb didm: 49,6
Diém trung binh: t?/ 92
Piém thudng cong trinh cong bd: o

Tbng diém déanh gid ludn vin va thudng cong trinh cong bb:

- Két luan cta Hoi dong: Ludn van ....... 79%% ................. (dat/khong dat yéu
cau)

- Tinh khoéng tring 18p ndi dung va tén dé tai véi cac cong bé:
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8. Chu tich Hoi déng, cong bb két qua, yéu cau hoc vién chinh sira luan van vdi cdcc Vf*
nodi dung sau: QHE/
A Y - y = s ~ v oF P (S
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Bubi hop dé két thiic vao 11 gidr 00 phut ngay 18/10/2024

Ha Ngi, ngay 18 thang 10 ndm 2024

THU KY HQI PONG CHU TICH HOI PONG
‘\ ( ;
TS. Nguyén Lé Anh GS.TS. Nguyén Vin Tuyén
XAC NHAN-€UA CQ8GPAQITAO

Y\C VA O
4/6‘

PHO GIAM POC

HOC VIEN



