P. T. T. Giang, P. T. H. Tuyét, T. T. P. Thw/ Nghién ciru xdc dinh dong thoi ham lrong 12 nguyén to...

NGHIEN CUU XAC PINH PONG THOI
HAM LUQNG 12 NGUYEN TO TRONG NUGC BIEN VEN BO
O NGHE AN VA HA TINH BANG PHUONG PHAP ICP-MS

Pinh Thi Trudong Giang ®, Phan Thi Hong Tuyét ®, Tran Thi Phwong Thu @
YVién Su pham Tu nhién, Truong Pai hoc Vinh
2 Truwong THPT Qué Phong, Nghé An
Ngay nhan bai 23/10/2020, ngay nhan dang 16/12/2020

Tom tiat: Ham luong caa 12 nguyén té (Cr, Mn, Fe, Co, Cu, Zn, As, Se, Ag, Cd,
Hg, Pb) trong nudc bién ven bd cua hai tinh Nghé An va Ha Tinh da dugc xac dinh
ddng thoi bang phuong phap chiét - khdi phd, sir dung hé chiét APDC/MIBK dé 1am
giau va loai trir anh huong nén mau. Ham lwong phan 16n cac nguyén té nam trong gioi
han cho phép theo QCVN 10-MT:2015/BTNMT, ngoai trir ham luwong Cd trong mot
mau va ham lugng Hg trong 7 mau vuot mac gisi han cho phép ddi véi nude ving bai
tam, thé thao dudi nudc va vang nudi trong thity san. Phuong phéap phan tich ¢6 gii
han phét hién theo quy tic 3o dat ngudng ppt ddi voi tat ca cac nguyén t. Do lech
chuan twong ddi cua 10 phép do lap lai bé hon 7,5%, hiéu suét thu hdi caa cac nguyén
t dat tir 65,3 dén 107,7%, dam bao yéu cau theo tiéu chuan AOAC.

Tir khoa: Xéc dinh ddng thoi; nguyén t; ICP-MS; nudc bién ven bo; Nghé An,
Ha Tinh.

1. Mé dau

Ham luong cac nguyén té lwong vét ndi chung va cac kim loai nang noi riéng la
mét trong nhitng chi tiéu quan trong danh gia chat luong méi trudng bién trong bdi canh
muc do cdng nghiép hda & cac ving ven bién ngay cang cao. Phan tich cac nguyén té
luong Vét trong nude bién co nén chat tan rat 16n va thanh phan phirc tap doi hoi viéc xir
Iy mau va ky thuat phén tich c6 d nhay va do6 thu hdi cao [1]. C6 nhiéu phuong phap xir
Iy mau xac dinh cac nguyén té trong nudc bién, nhu pha lodng [4], 1am gidu boi cot
chelex 100 [5], hay tach chiét [6], [7]. Hién nay, phuong phap xtr Iy mau bang phép chiét
ding hé dung méi hitu co APDC/MIBK duya trén co s chiét cac phirc tao thanh cua céc
nguyén t& phan tich gitp loai trir hidu qua cac yéu t nén can tro dang to rd nhidu uu viét.
Khi két hop véi ky thuat phan tich bang phd khdi lugng cao tan cam wang (ICP-MS) ¢6 do
nhay, d6 13p lai cao, xac dinh ddng thoi dwoc nhidu nguyén tb trong thoi gian ngén,
phuong phap nay s& dap ung dugc cac yéu cau phén tich da nguyén té luong vét trong
nudc bién. Trong nghién ciu ndy, ching t6i da tién hanh xay dung quy trinh phan tich
nhanh, nhay va chinh xac dé xac dinh dong thoi ham lwong vét cua 12 nguyén té trong
nuée bién ven bo bang phuong phap chiét két hop ICP - MS, sir dung thiét bi phan tich
hién dai sén c6 tai Trung tdm Thuc hanh - Thi nghiém, Truong Dai hoc Vinh. Céac két
qua phan tich gép phan cung cap dit liéu phan tich chat luong nuéc bién ven bo doc bd
bién 2 tinh Nghé An va Ha Tinh.
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2. Thuc nghiém
2.1. Thiét bi, dung cu va hda chdt

Cac phép do phd khéi phan tich déu duogc thuc hién trén may khéi phd plasma
cao tan cam ung ICP - MS Agilent 7800, tai Phong thi nghiém Phan tich chat luong va
an toan thuc pham - Truong Pai hoc Vinh.

Tat ca cac dung cu thuy tinh (phéu chiét, binh dinh muc, cdc...) déu duoc ngdm
rira sach bang nitric acid néng do 10% (v/v), trang lai bang nuéc cit da loai ion, siy khod
trude khi str dung.

Dung dich chuan géc chira dong thoi cac nguyén t nghién cau o néng do 10
ppm, HNO; dac 65%, NaOH, Ammonium pyrrolidine-1-dithiocarboxylate APDC) loai
PA déu thuoc hang Merck san xuat. Metyl iso butyl ketone (MIBK) xuat xa Han Quéc
loai PA.

Day dung dich chuan lam viéc cua cac nguyén té c6 nong do 1,0 - 500 ppb duoc
chuan bi tir dung dich chuan géc 10 ppm trong binh dinh muc 50 ml, pha lodng boi dung
dich HNO3 0,1%.

2.2. Chudn bi mdu phan tich

Cac mau (10 mau - tuong tmg 10 dia diém) duoc lay theo TCVN 5998:1995 vao
chai PE tai cac viing bién ven bo trén dia ban tinh Nghé An, Ha Tinh cach nhau it nhat 10
km. Thoi diém ldy mau 1a thang 10/2019, nhiét do thoi diém 1y mau 22-24°C; pH céc
mau khi lay tir 8,1 - 8,5. Mau duoc ldy cach bd 30 mét, do sau 1 mét, lay day binh chia
bang PE. Tai mdi dia diém tién hanh liy 3 miu cach nhau 50 mét, sau d6 dong nhat
thanh mot mau dai dién dé phan tich.

Mau phan tich sau khi dem vé phong thi nghiém duoc xur 1i theo cac budc: loc hit
chan khdng qua mang loc ¢& 0,45 pm, thém dung dich HNO; dic dé giam pH cta mau
dat tir 1+2 dé bao quan mau. Trudc khi chiét, st dung dung dich NaOH 2,5M dé ting pH
mau Ién 3,5, sau d6 tién hanh chiét mau trong phéu chiét bang dung dich APDC 1% pha
trong MIBK. Téch pha hitu co rdi giai chiét bang 10 ml dung dich HNO3; 4M dé chuyén
toan bd nguyén t phan tich vao pha nuéc chira HNO3. Dung dich phan tich thu duoc
duoc bao quan lanh & 4°C dén khi tién hanh phan tich bing phwong phap ICP-MS.

Cac mau thém chuan va mau trang duoc xir ly hoan toan tuong tw mau phan tich.
Mau thém chuan 1a mau thuc c6 thém mét luong chinh xac dung dich chuan chta dong
thoi cac nguyén té phan tich c6 nong do 10 ppm; mau trang khdng chira mau thuc ma
thay bang nuéc cat da loai ion.

3. Két qua nghién ciru
3.1. Két qud nghién citu thong sé do téi wu

Mot sé théng sé do duge thay ddi va lva chon t6i wu (46 sau mau, toc do khi
tao plasma, khi mang, khi phu trg), cac théng sé khac (téc d6 phun suong, cong
suat...) ap dung theo khuyén nghi cia nha san xuat. Céc thdng sé do trén may duoc
théng ké trong Bang 1.
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Bang 1: Cac thong sé do trén thiét bj ICP-MS

Théng so Gia tri

Thé cong huong cudn cam 1,6V
Cong suat cao tan 1550 W
Do sau mau (sample depth) 8,0 mm
Téc do khi tao plasma, Ar 15,0 I/ph

Téc do khi mang (makeup gas), He 0,001 I/ph
Téc @6 khi phu tro (auxiliary gas), Ar | 0,90 I/ph
Téc d6 bom phun (nebulizer pump) 0,10 rps
Téc do khi phun suong 1,07 I/ph

3.2. Két qud xay dung dwong chudan

Dy dung dich chuan ddng thoi cac nguyén té phan tich dugc chuan bi bao gém
céc nguyén té Cr, Mn, Fe, Cu, Co, Zn, As, Se, Ag, Cd, Hg, Pb tir ndng d6 1,00 - 500 ppb.
Po cudng do tin hiéu phan tich (y) bién thién theo nong do chat chuan (X) dé xay dung
cac dudng chuan. Thuc nghiém do phéd dua trén viéc lua chon cac dong vi *°Cr, **Mn,
®re, PCo, %Cu, #zn, "As, ®Se, 17 Ag, 'cd, P *Hg, ?°"Pb dé tranh céc hién tuong tring
khéi [5]. S6 liéu va két qua duoc thé hién ¢ Bang 2.

Bang 2: Puwong chudn cua cac nguyén té xdc dinh bang ICP-MS

STT | Nguyén té D“&‘%gﬁ‘)‘a” H‘-’qi"a:]“}g“g
1 Cr  |y=55999,803 X | 1,0000
2 Mn  |y=75773239 X | 0,9993
3 Fe  |y=14994004 X | 0,9963
4 Co |y=67115205X | 1,0000
5 Cu  |y=38832427X| 0,9997
6 Zn  |y=25795373X| 0,9995
7 As  |y=10013223X | 0,9982
8 Se y=1238,032 X | 1,0000
9 Ag  |y=43929892X| 0,9999
10 Cd | y=9063537X | 0,9996
11 Hg | y=105833X 0,9907
12 Pb | y=26670,314X | 0,9996

Céc gia tri R = 1 trong Bang 2 cho thay dé tuyén tinh cao giita cudong do tin hiéu
va nong d6 ion cua cac nguyén to (X). Do d6 co6 thé sir dung cac phuong trinh duong
chuan trén dé xac dinh ham lugng cua cac nguyén to trong mau nudc bién.
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3.3. Pdnh gid két qud va phwong phdp phén tich

Do lap lai cua cac két qua phén tich duoc thé hién qua cac gia tri do léch chuan
trong ddi (RSD%) cua 10 phép do 1ap lai tai ndng do 0,5 ppb cua cac nguyén tb trong
dung dich chuan.

Do dung ctia qua trinh phan tich va phuong phap phan tich duoc thé hién qua gia
tri hiéu suat thu hoi. Tién hanh xac dinh hiéu suat thu héi bang cach thém mot luong
dung dich chuin da biét truéc ndng do vao mau nudc bién Nghi Thiét, sau do xac dinh
ham luwong cac nguyén té nghién ciu trong mau thém chuan nay.

Do nhay ctia phuong phap phan tich dugc phan anh qua gidi han phat hién (LOD)
va gigi han dinh lugng (LOQ) theo quy tic 3c. Céc gia tri nay thu duoc tir thyc nghiém
qua viéc sir dung duong chuan va két qua do RSD & ving nong do thap gan véi mau
tring. Cong thirc tinh nhu sau: LOD = 22252+ v a 13 do déc cua duong chuin; LOQ =
10/3 LOQ.

Két qua thuc nghiém va tinh toan do lap lai (RSD%), hiéu suat thu hdi (H%), do
nhay (LOD, LOQ) duoc tong hop ¢ Bang 3.

Bang 3: Két qud tinh toan cac gia tri danh gid phwong phdp phan tich

Thong so Hiéu suit
STT Nguyén RSD (%) thu hdi (%) LOD (ppt) | LOQ (ppt)
1 Cr 3,490 72,2 0,206 0,686
2 Mn 3,458 65,7 0,151 0,502
3 Fe 6,569 65,3 1,446 4,819
4 Co 3,704 89,5 0,182 0,607
5 Cu 6,457 86,5 0,549 1,829
6 Zn 7,269 76,8 0,930 3,100
7 As 5,882 96,1 1,938 6,462
8 Se 5,645 80,4 15,047 50,157
9 Ag 4,383 88,7 0,329 1,098
10 Cd 7,083 105,6 2,579 8,597
11 Hg 5,301 107,7 165,285 550,952
12 Pb 7,206 80,3 0,892 2,972

Do léch chuan 16n nhat caa 10 phép do 1ap lai cia cac nguyén té nghién cau tir
3,490 - 7,269%, dap ung t6t yéu cau theo tiéu chuan AOAC (< 30% véi viing nong do 1
ppb) [3].

Cac gia tri LOD cuia cac nguyén té tir 0,151 dén 165,285 ppt; LOQ dat tir 0,502 -
550,952 ppt. Qua ket qua thuc nghiém va tinh toan cac gia tri LOD, LOQ cua cac nguyén
t6 déu dat - ngudng nong do ppt nén phuong phap ICP-MS co6 d6 nhay cao.

Két qua xac dinh hiéu suat thu hoi 12 nguyén t6 c6 gié tri tir 65,3 - 107,7%. Theo
tiéu chuan AOAC [3] vé hiéu suét thu hoi viing nong do nghién ctru 1 ppb 12 40 - 120%,
vi thé phuong phép phén tich & trén ¢ du tin cay.
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3.4. Két qud xdc dinh ham Iwong nguyén té trong cac médu nuwéc bién

Cac mau nudce bién dugc xir |i bang phwong phap chiét thé hién trong muc 2.2,
sau d6 dugc do trén may ICP - MS theo cac thong s6 & Bang 1 va sir dung cac duong
chuan thé hién ¢ Bang 2. Két qua xac dinh ham luong cac nguyén t duoc thé hién o
Bang 4 va Bang 5

Bang 4: Két qua phan tich ham lwong cac nguyén to trong nudc bién (ppb)

Nguyén to
STT|Miu Cr Mn Fe Co Cu Zn
1 |[Xuan Thanh 0,010 |176,690| 151,455 | 1,390 14,760 | 73,025
2 |Xuan Hai 6,835 | 4,395 | 61,250 0,100 5,955 KPH
3 |Ctra Hoi 0,023 | 1,510 | 28,770 0,035 6,000 KPH
4 |Cura Lo KPH 1,885 | 96,165 0,305 10,810 | 51,865
5 [Nghi Thiét KPH KPH KPH 0,140 1,220 | 125,070
6 [Nghi Tién KPH [203,630| 104,580 | 0,160 8,765 40,145
7 |BaiLir 0,018 | 6,330 | 58,990 0,085 | 10,260 | 32,205
8 |Dién Thanh KPH 9,895 | 39,130 0,165 8,030 24,275
9 |Quynh Long 0,008 | 11,735 |129,260 | 0,295 30,510 | 303,805
10 |Quynh Tho KPH | 16,585 | 73,860 0,210 | 26,205 | 117,955
Gia tri cho phép theo 200" | 500" | 500" - 500" | 1000"
QCVN 10- = = = = = =
MT:2015/BTNMT 100 500 500 100 200 500

* Poi voi ving bai tam, thé thao dwdi nuéc; ** Péi véi ving nudi trong thuiy san, bao
ton thuiy sinh

Két qua cho thdy ham luong da sé cac nguyén té nam trong giéi han cho phép
theo QCVN 10-MT:2015/BTNMT [1] 4p dung cho ving béi tim, thé thao duéi nudc,
ngoai trir ham lugng Cd trong mau nudc bién Quynh Long vuot muc 3,02 1an va ham
luong Hg trong 7 mau vuot mirc tir 1,70 - 2,67 lan. Néu so véi gid tri gii han &p dung
cho viing nudi trong thity san va bao tn sinh hoc, thi ¢6 9/10 mau c6 ham luong Hg vuot
gidi han tir 1,88 dén 4,97 1an, 1 mau c6 Cd vuot 3 1an va 1 mau As vuot 1,1 lan. Tuy
nhién, dé c6 két luan chinh xac hon, can c6 phan tich ddi sénh bang cac phwong phap
khac nhau dé c6 s6 liéu tin cay hon.

So véi két qua quan tric moi truong tai Nghé An cong bd ngay 25/7/2019 [2], dbi
véi 3 chi tiéu Fe, Mn va As & ving bién Cira Hoi déu c6 két qua cao hon két qua phan
tich. Tuy nhién tai viing bién Cira Lo (ham luong As < 4 ppb; ham luong Mn 13 189 ppb;
ham luong Fe < 60 ppb) ddi sanh véi cac két qua phan tich cho thiy ham luong As twong
ng v6i nhau, ham lwong Mn thap hon, nhung ham lwong Fe lai c6 két qua cao hon 1,6
lan. Pidu nay ciing c6 thé duoc ly giai 1a sy khac nhau gitta 2 thoi diém lay mau, thoi
diém ma cong trinh nghién ciru (10/2019) 1a thoi diém sau khi bién vira tiép nhan moa
mura, cac diéu kién khac ciing khéng twong dwong nhu nhiét do, pH.
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Bang 5: Két qud phan tich ham lirong nguyén té trong cac mdu nuwedc bién (ppb)

STT As Se Ag Cd Hg Pb
1 |Xuan Thanh 2,160 0,045 3,050 | 0,840 | 4,853 | 28,620
2 |Xuan Hai 22,000 KPH 0,680 | 0,335 | 4,700 | 3,260
3 |Cua Hoi 1,450 0,007 1,295 | 0,410 | 3,435 | 26,000
4 |Cualo 2,610 KPH 5750 | 0,475 | 4,977 | 24,060
5 |[Nghi Thiét 3,255 KPH 1,245 | 0,640 KPH | 17,525
6 [Nghi Tién 1,180 0,028 KPH 0,180 | 4,760 | 1,035
7 |Bai Lix 1,825 KPH 0,740 | 0,260 | 1,970 | 2,840
8 |Dién Thanh KPH 0,025 0,400 | 0,320 | 5,310 | 25,885
9 |Quynh Long 16,845 | 0015 | 1,090 | 15140 | 1,880 | 39,730
10 |Quynh Tho 1,260 KPH 0,330 | 1,320 | 3,390 | 14,125
Gia tri cho phép theo| 40" - - 5 2" 50"
QCVN  10-MT:2015/[ - = -
BTNMT 20 : : 5 1 50

* Poi véi ving bai tam, thé thao dudi nuée; ** Poi véi vang nudi trong thiy
san, bao ton thuy sinh

4. Két luan

Quy trinh phan tich dong thoi 12 nguyén té bang phuong phap phan tich khéi pho
ICP-MS sir dung hé chiét APDC/MIBK dé xur ly mau di duoc xay dung va danh gia, cho
d6 chinh xac va do lap cao, gidi han phat hién va gisi han dinh luong dat dén muc nong
do6 ppt, dap (ng yéu cau phan tich lugng vét cac nguyén td trong nudc bién, ddng thoi tiét
kiém thoi gian phén tich.

Két qua phan tich 10 mau nudc bién ven bd thudc hai tinh Nghé An va Ha Tinh
cho thiy da s6 cac nguyén té phan tich co ham luong trong gigi han cho phép theo
QCVN 10/2015/BTNMT, tuy nhién ham luong mét sé nguyén té kim loai niang vuot
muc cho phép ¢ mot s6 mau, dac biét 1a Hg, Cd. Do do, can phan tich thuong xuyén céc
mau nudc bién ven bo, ddng thoi can co thém cac phép xac dinh rleng biét Hg bang céac
phuong phép phén tich khac nhau dé khang dinh va co co so tim hiéu ngudn phat sinh
Hg trong nudc bién.
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SUMMARY

STUDY ON THE SIMULTANEOUS DETERMINATION
OF TWELVE ELEMENTS IN COASTAL SEAWATER IN NGHE AN
AND HA TINH PROVINCES BY ICP -MS METHOD
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The concentrations of 12 elements (Cr, Mn, Fe, Co, Cu, Zn, As, Se, Ag, Cd, Hg, Pb)
in ten coastal seawater samples collected from Nghe An and Ha Tinh Provinces were
simultaneous determined by Inductively Coupled Plasma - Mass Spectrometry method (ICP
- MS), using APDC/MIBK solvent extraction to preconcentrate and separate the elements
from high dissolved solid matrix of the samples. The method has low detection limits with
ppt level, the relative standard deviations (% RSD) are less than 7.5%, and the recovery of
elements are in the range from 63.5% to 107.7%, which meets AOAC requirements for trace
analysis. The results of analysis showed that most of the elements are in the limited range of
concentration according to Vietnamese regulation (QCVN 10-MT:2015/BTNMT), except
cadmium in one sample and mercury in seven samples are higher.

Keywords: Simultaneous determination; element; ICP-MS; coastal seawater;
Nghe An; Ha Tinh.
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