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SUMMARY

SIMULTANEOUS DETERMINATION OF 16 FLUOROBENZOIC ACIDS (FBA)
IN PRODUCED WATER SAMPLES BY SOLID-PHASE EXTRACTION
AND GAS CHROMATOGRAPHY- MASS SPECTROMETRY

A method for the simultaneous analysis of 16 fluorobenzoic acids (FBA) via GC-MS based on solid-
phase extraction (SPE) and derivatization with pentafluorobenzyl bromide is described. The method
may be applicable to tap water, sea water and produced water samples with high salinity (300g/L). It
uses low amounts of chemicals and is adaptable from 100 to 500mL of sample volumes. Solid-phase
extraction on polymeric Strata X cartridges allowed the enrichment of the acids with extraction
recovery between 70% and 110%. The method detection limit was 0.2-1.0 pg/L and the relative
standard deviations were less than 15% in the concentration range 1.6-10 pg/L.

Keywords: FBA, fluorobenzoic acid, SPE, GC-MS, water sample.

1. MO PAU

Trong khao sét lién giéng su van dong cua
nuée bom ép trong khai thac dau, chat danh
ddu ddng vi phéng xa dudi dang cac hop chit
bén trong diéu kién moé nhu HTO, alcohol,
benzoic acid duoc xem nhu thich hop nhat vi
d6 nhay rat tot, cho phép phat hién trong ty 1&
pha lodng dén 1012 103, do d6 lwong chat
d4anh ddu bom vao mé rat nho (khoang vai
chuc ml), thuan tién cho thao tic bom vao
giéng va gia thanh phan tich khong cao. Tuy
nhién, sau thap nién 90 cua thé ky trude, dudi
sic ép cua cac T6 chac quan ly, bao vé moi
truong va mot phan do tam Iy e ngai phong xa,
nhiéu Céng ty dau khi cua nhidu nuéc, trong
d6 co ca cac Cong ty dang khai thac dau & Viét
Nam yéu cau sir dung cac hoa chit khong
phong xa hoic gin déu ddng vi bén nhu mot
lya chon bé sung hoic thay thé cho chat gén
diu ddng vi phéng xa vao muc dich khao sat
mé dau. Cung véi s xuat hién cua cac thiét bi
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phan tich hién dai nhu GC/MS, HPLC,
LC/MS/MS cho phép phan tich dong thoi
nhiéu hop chét voi d6 nhay kha tét, ky thuat
danh dau dung hop chat khong phéng xa duoc
phét trién & nhiéu phong thi nghiém, trong d6
cac hop chit fluorobenzoic acids (FBA) duoc
sir dung rat phé bién. Hop chat FBA kha bén
trong didu kién mo do cdu tric cia nhan
benzene, duoc gin Flo thay cho Hydro vao cac
lien két C-H cho phép té hop gan 20 dan xuét
khac nhau duoc phan biét bing sic ky khéi
phd GC/MS. D6 nhay phat hién FBAS cua cac
quy trinh phan tich cong b trén thé gisi dat
khoang ppb (mét phan ty) [1-5].

Vi myc tiéu phat trién ky thuat sir dung FBA
lam chat danh dau hoéa hoc (khong phéng xa)
trong khao sat lién giéng su di chuyén cua
nuée bom trong mé dau dap wng nhu cau thuc
tién cua san xuét va khodng bi tut hau so véi thé
gi6i, Trung tdm can thiét phai nghién cau phat
trién phuong phap phén tich dong thoi cac hop



chat danh dau FBA trong nuéc khai thac dau
c6 do mudi cao véi do nhay va do chum tot
bén canh cac nghién cau thr nghiém vé& do
bén, dic trung van chuyén, khuéch tan, hap
phu ciia cic FBA trong diéu kién via. Két qua
nghién ctu s& gop phan ting cuong nang lyc
trién khai cac ky thuat danh dau trong cong
nghiép khai thac, ché bién dau khi va kha ning
canh tranh véi cac phong thi nghiém danh diu
khéc trén thé gigi trong cac thi nghiém khao
sét lién giéng.

2. THUC NGHIEM

2.1. Thiét bi va hoa chat

Thiét bi

May sic ky khi khdi phé (GC/MS) cua hadng
Agilent; Cot phan tich mao quan ZB 1701,

kich thugc 30m x 0,25 mm x 0,25 yum (hodc
céc cot trong duong); Can phén tich AB204-S
ctia Mettler Toledo, do chinh xac 0,0001g; Bé
sifu 4m Elma; Bom nhu dong 8 kénh
Masterflex; Bom chan khong; May khudy tir;
May do pH va cac dung cu thay tinh khac

Hoa chat

Cac chét chuan FBA riéng lé (Bang 1) cua
Sigma aldrich; dung dich chuan pH 4, 7 cua
Merck;

Céc hda chat khac: HCI, NaOH, Methanol,
Aceton, Acetonitrile, Pentafuorobenzyl
bromide (PFBBr); Na,COj3 khan dat tiéu chuan
tinh khiét phan tich.

Bang 1. Danh muc cac hop chat FBA

STT Tén hop chit CAS number | M (g)
1 3,5Bis TFMBA 3,5-Bis(trifluoromethyl)benzoic acid 725-89-3 258
2 3,5 DFBA 3,5-Difluorobenzoic acid 455-40-3 158
3 2,46 TFBA 2,4,6-Trifluorobenzoic acid 28314-80-9 176
4 3,45 TFBA 3,4,5-Trifluorobenzoic acid 121602-93-5 176
5 2,345TFBA 2,3,4,5-Tetrafluorobenzoic acid 1201-31-6 194
6 4F-2TFMBA 4-Fluoro-2-(trifluoromethyl)benzoic acid 141179-72-8 208
7 2,45 TFBA 2,4,5-Trifluorobenzoic acid 446-17-3 176
8 3 TFMBA 3-(Trifluoromethyl)benzoic acid 454-92-2 190
9 4 TFMBA 4-(Trifluoromethyl)benzoic acid 455-24-3 190
10 | 2F-6TFMBA 2-fluoro-6-(trifluoromethyl)benzoic acid 32890-94-1 208
11 | 2,4 DFBA 2,4-Difluorobenzoic acid 1583-58-0 158
12 | 4FBA 4-Fluorobenzoic acid 456-22-4 140
13 | 2,34 TFBA 2,3,4-Trifluorobenzoic acid 61079-72-9 176
14 | 2,5 DFBA 2,5-Difluorobenzoic acid 2991-28-8 158
15 | 2 TFMBA 2-(Trifluoromethyl)benzoic acid 433-97-6 190
16 | 2FBA 2-Fluorobenzoic acid 445-29-4 140

2.2. Quy trinh phan tich

FBA c6 trong mau nuéc khai thac duoc l1am
giau qua cot chiét pha rin Phenomenex Strata
X (chat hap thu polymer) sau d6 duoc giai hip
bang Acetonitrile. Miu duoc cho bay hoi hét
Acetonitrile va dugc dan xuét truéc khi phan
tich bang sic ky khi khéi phd theo hinh 1.

3. KET QUA VA THAO LUAN

3.1. Pwong chuin
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Chuan cac FBA riéng I¢ duoc pha trong dung
modi Acetonitrile ¢6 nong do 2000 mg/L.
Chuan 1am viéc 1a hdn hop 16 FBA ¢ ndng do
tr 0,1 dén 30 mg/L. Cac thdng sb phan tich
trén may GC/MS duoc tién hanh nhu trong
bang 2, két qua thu dugc duong twong quan
giita dién tich va ndng d6 cia mdi chit FBA c6
dangy =ax + b voi hé sé twong quan R? >
0,997 (Bang 3).




| 100-500ml Mau nwde loc qua gidy loc | Nhlét d6 bUél’lg bom mau 250°C

1 Nhiét ¢6 buong ion héa 230°C

l Chinh pH mau vé 1,5 bang HCI dam dic | Nhlét d6 thanh tir Cuc 150°C
7 Ché do quét pho SIM

Cho mg::u qua cét SPE Strata X da duoc hoat hoa
bang MeOH va dung dich HCI pH 1.5

!

| Rira cot bing 4mL dung dich HCI pH 1,5 |

v

i Théi khé cot SPE bang chan khong |

v

| Giai hap mau bang 4mL Acetonitrile |

v

| Dan xuat véi PFBBr |

v

Loc mau qua mang loc 0,45um
va phan tich trén GC/MS
Hinh 1. So dé quy trinh phan tich FBA bang
SPE-GC/MS
Bang 2. Céc thdng sé phan tich trén GC/MS
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Hinh 2. Phé chudn 16 chat FBA nong dg
30mg/L

3.2. Giéi han phéat hign cia phwong phap
(MDL)

Thi nghiém xac dinh MDL cua phuong phap

tenn7
Boomon ‘

?HOOC (1100(5hl:]t,)£ phan tich dwoc tién hanh trén ddi twong mau
|22g 220°C FEOUS nuéc khai thac o cho thém chuan hdn hop cua
Nhiét do cot phiit) taﬁg 16 hop chat FBA & ndng d6 1,6 pg/L. MDL
25°C;phut 1én dugc tinh theo cdng thuc sau:
285°C (10 pht) MDL = t(n-1,1-0-0.99)-S
Tdng thoi gian chay mau | 27,1 phat n -\
gt g 2y md Op Z(x.—x)
Nhiét d6 detector 280°C . i\ i ,
- - VoI g% = =t Két qua thu dugc nhu
Luu luong khi mang 1,5 ml/phat n-1

Bang 4. Gi6i han phat hién cua 16 FBA trén 250mL nudc khai thac

Nong dd (ug/L) MDL
STT Tén chit MAiu | MAu | Miu | Miu | Mau | Mau | Miu S

1 2 3 4 5 6 7 Hg/L
1 |35BisTFMBA | 18 | 19 | 1,8 | 18 | 16 | 1,8 | 17 0,1 0,3
2 | 35 DFBA 14 | 16 | 15 | 14 | 11 | 12 | 1.2 0,2 0,6
3 | 246 TFBA 13 | 14 | 14 | 15 | 14 | 14 | 13 0,1 0,2
4 | 345TFBA 12 | 14 | 13 | 11 | 12 | 1,0 | 1.2 0,2 0,5
5 | 2345TFBA 19 | 20 | 19 | 1,7 | 20 | 16 | 19 0,2 0,5
6 | 4F-2TFMBA 20 | 21 | 20 | 21 | 17 | 22 | 17 0,2 0,6
7 | 245TFBA 15 | 18 | 1,7 | 15 | 1,3 | 1,3 | 13 0,2 0,6
8 | 3TFMBA 20 | 21 | 23 | 21 | 1,8 | 21 | 16 0,2 0,7
9 | 4TFMBA 19 | 20 | 20 | 1.8 | 16 | 1,7 | 15 0,2 0,6
10 | 2F-6TFMBA 1,8 | 18 | 17 | 1,8 | 19 | 18 | 16 0,1 0,2
11 | 24DFBA 14 | 14 | 15 | 13 | 12 | 1,1 | 13 0,1 0,4
12 | 4FBA 20 | 16 | 14 | 1,2 | 11 | 11 | 1,3 0,3 1,0
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13 | 234TFBA 1,6 18 1,7 15 14 14 1,4 0,2 0,5
14 | 25DFBA 1,6 19 19 1,6 15 1,6 11 0,3 0,8
15 | 2TFMBA 13 1,4 1,2 13 1,0 1,2 1,0 0,2 0,5
16 | 2FBA 1,6 11 1,4 1,6 1,6 15 1,6 0,2 0,6

Tir két qua thi nghiém cho thay giéi han phat
hién cta phuong phap dat 0,2-1 pg/L tuy ting
chat FBA. So sénh véi gigi han phat hién cua
quy trinh phan tich do Galdiga va Greibrokk
(1998) 1a 0,1ug/L véi thé tich mau 1L nudc
khai thac, 1am giau qua cot SPE ENV+ va dan
xuit bang diazomethane [1] hoic quy trinh caa
Muller (2012) c6 gigi han phat hién Ia
0,02ug/L trén 100ml mau nudc may, lam giau
250 lan qua cot Oasis HLB va dan xuit véi
BF;-MeOH [3], gi¢i han phat hién cua quy
trinh dé nghi 1a pht hop véi viée xac dinh FBA
trong mau nuéc khai thac st dung EI-GC/MS.
3.3. P§ thu hoi

Thém mot luong da biét cac FBA vao mau
nudc VA tién hanh nhu quy trinh phan tich &
muc 2.2. D6 thu hdi R (%) duoc tinh theo cong
thuc sau:

C
R=—""x100
spike
Trong do: R : Do thu hoi (%)
Cops : Néng do trung
binh cta cac gia tri quan sat, pg/L

C
Két qua phan tich dugc trinh bay trong bang 5.

wike - Nong do cho thém vao mau, pg/L

Bang 5. B thu hoi ciia 16 FBA trong cdc mau niée khdc nhau

Do thu hoi R (%)
STT Tén chit Nuwée cit | Nwée bién Nuwée khai thac dau do mudi 3-3,5%
2,5ug/L 2,5ug/L 1.6pg/L 2ug/L 4ug/L 10ug/L
(n=3) (n=6) (n=10) (n=3) (n=10) (n=3)
1 35 Bis TFMBA 77 70 100 85 94 79
2 35 DFBA 72 76 82 81 94 84
3 246 TFBA 82 74 84 82 104 99
4 345TFBA 70 72 76 70 97 79
5 2345TFBA 82 83 104 95 103 87
6 4F-2TFMBA 100 89 110 101 118 104
7 245TFBA 72 85 89 85 96 92
8 3TFMBA 88 83 109 100 110 86
9 4ATFMBA 71 72 105 91 80 77
10 2F-6TFMBA 104 82 105 95 107 105
11 24DFBA 70 84 74 83 85 86
12 4FBA 70 82 99 80 76 71
13 234TFBA 75 86 90 89 96 89
14 25DFBA 77 89 95 93 77 91
15 2TFMBA 87 81 80 78 87 109
16 2FBA 78 86 89 88 92 86
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Quy trinh phén tich caa Muller (2012) chi thu
hoi tt trén nén nudc may (70-95%) con trén
nén nuéc khai thac dau co do6 mudi 3% va ham
luong céac chat hitu co cao nhu aliphatic acid,
cac hop chét chira Iuu huynh, hydrocarbon thi
d6 thu hoi chi dat 18-90% [3]. Két qua tir bang
5 cho thay trén cac nén mau khac nhau c6 do
mubi <3,5%, d6 thu hdi caa quy trinh phan tich
tuong d6i 6n dinh dao dong trong khoang tir

70-110% véi khoang nong do trong mau la
1,6-10 pg/L.

3.4. Py chum

Do chum 1a mic do phan tén cua cac két qua
thir nghiém riéng ré cia cing mot mau dong
nhat dwoc phan tich Ip lai nhiéu l1an trén cling
mot phuwong phap thir & cadc khoang thoi gian
khac nhau gom co6 do lap lai va do tai lap trung
gian. D6 chum dugc danh gia thong qua do

léch chuan twong ddi (RSD%).
Bang 6. P chum cua quy trinh phan tich

Do lap lai (n=7) D9 tai ldp trung gian (n=5)
STT Tén chit Coes RSD | Cro RSD
SD SD
pg/L Mg/l % Mg/l %
1 35 Bis TFMBA 1,90 0,11 6 1,7 0,22 13
2 35 DFBA 1,90 0,11 6 1,7 0,21 13
3 246 TFBA 2,10 0,07 3 1,8 0,28 16
4 345TFBA 2,00 0,16 8 1,6 0,29 18
5 2345TFBA 2,00 0,07 3 1,9 0,20 11
6 4F-2TFMBA 2,40 0,03 1 2,2 0,20 9
7 245TFBA 1,90 0,18 10 1,7 0,19 11
8 3TFMBA 2,30 0,16 7 2,0 0,28 14
9 4TFMBA 2 1,60 0,16 10 1,6 0,16 10
10 | 2F-6TFMBA 2,00 0,17 9 19 0,19 10
11 | 24DFBA 1,70 0,14 8 1,6 0,13 8
12 | 4FBA 1,50 0,09 6 1,5 0,09
13 | 234TFBA 1,90 0,17 9 1,8 0,17 10
14 | 25DFBA 1,70 0,13 8 1,7 0,14 8
15 | 2TFMBA 1,60 0,11 7 1,6 0,09
16 | 2FBA 1,90 0,10 5 1,7 0,12

T cac dir lidu thu dwoc cho thiy quy trinh
phan tich c¢6 d6 chum khé tt & nong do 2ug/L,
sai s6 twong ddi cua két qua gitra cac chat nho
hon 20% hoan toan phu hop véi yéu ciu theo
tiéu chuan AOAC.

4. KET LUAN

Quy trinh x4c dinh dong thoi 16 hop chat FBA
trong mau nudc bang ki thuat chiét pha rin va
sic ky khi khdi phé thuc hién don gian, dé
dang, tiét kiém stic lao dong va thoi gian, c6
thé thao tac sé luwong mau 16n, tao thuan loi
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trong cac nghién ctru doi hoi nhiéu chit danh
diu c6 tinh chat twong ty nhau nhu danh diu
lien giéng khao sat su lién thong giiia céac
giéng bom ¢ép, xac dinh gié tri bio hoa dau du
trong mo. Quy trinh dé nghi c6 d6 thu hdi cua
céc hop chat FBA trong 250ml miu nuéc khai
thac dat khoang 70-110%, do lap lai <10%,
giai han phat hién nhé hon 1pg/L. Quy trinh da
cho thdy kha niang tach chiét va lam giau 16
hop chit FBA trén nén nuéc khai thac dau co
d6 mudi va ham luong cac chit hiru co cao, dat




dugc do thu hoi va do lap lai tét. Sy thanh
cong cua quy trinh phan tich 1a tién d& cho cac
nghién ctu wng dung cac hop chat danh diu
héa hoc FBA bén canh c4c chat danh dau
phéng xa truyén thong, qua dé ting cuong
ning lyc tng dung va kha nang canh tranh cta
Trung tdm cling nhu Viét Nam véi cac phong
thi nghiém danh dau khac trong khu vuc va
trén thé gidi trong cac du &n thau danh dau lién
giéng trong mo dau.
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