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NGHIEN CUU PHUONG PHAP SAC Ki KHi GHEP KHOI PHO
KET HQP KY THUAT KHONG GIAN HOI (HS-GC-MS) PE PHAN TiCH
TRIHALOMETHANES TRONG NUGC MAY TAI THANH PHO HO CHI MINH
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Tém tit
Phwong phdp sdc ky khéi phé la mét trong nhitng phirong phdp dwoc lwa chon dé phan tich
Trihalomethanes (THMs) trong nuoc may Ngay nay, viéc két hop sdc ky khi khéi phé voi ky thudt khong
gian hoi (HS-GC MS) ¢6 nhiéu wu diém. Pay la phirong phap hién dai dé phan tich THMs trong nuéc
ma khong can qua buée tach chiét bang dung méi gdy 6 nhiém méi truong. Qua qud trinh khao sat da
cho thdy dé nhay cao nhat tai cdc diéu kién sau: nhiét dé w 52°C, thoi gian i 41 phut nong do muoi
NaCl 3,5 g/10 ml. Véi diéu kién t6i wu nay, ap dung xdc dinh THMs trong mét s6 mdau nuwée mdy trén

dia ban thanh phé Hoé Chi Minh.

Tue khoa: Chlorine, trihalomethanes; THMs; HS-GC-MS; ky khudt headspace.

1. Pit van dé

Uu diém cua k¥ thuat khong gian hoi khong
gy 6 nhiém méi trudng do chat phén tich dé bay
hoi s& hoa hoi thoat khoi nén mau ma khong can
ding dung moi dé chiét tach. Khi két hop k¥ thuat
khong gian hoi véi sac ky khi ghép khéi pho (HS-
GC-MYS) cho d¢ nhay cao. Vi vay, ky thuat khong
gian hoi dugc sir dung nhiéu trong nhitng nghién
ctru gan day [5].

Trihalomethanes (THMs) 1a cac san phdm
phu tao thanh trong qua trinh khir tring nuéc bang
cac hop chit chira clo. Qua mot sb khao sat dich
t& hoc nguoi ta di nhan thay co su lién quan gitra
cac bénh ung thu bang quang, ung thu rudt va dot
bién gen véi nhitng san pham phu nay. Hién nay,
mot s6 nha may da ding ozone hoic tia cyc tim dé
khir khuan nuée nhung sau d6 van phai sir dung
cac hop chét cua clo hay brom dé duy tri lugng
hoéa chit khir khuan du, chong tai nhidm ban trén
duong dng van chuyén. Do d6, van dé xac dinh
ham lugng trihalomethanes c6 trong nudc may la
rat can quan tam [2].

Dé danh gia mirc d6 nhiém THMs, chiing toi
tién hanh khao sat mot s6 miu nude duge lay tir
mot sb cac quan & thanh phé HO6 Chi Minh.

2. N§i dung nghién ciru

2.1. Thiét bi dung cu va héa chit

- May sic ky khi GC-MS Agilent 7890 két ndi

® Trudng Cao dang Cong Thuong mién Trung.
" Truong Pai hoc Cong nghiép Thyc pham Thanh phd HO
Chi Minh.

bo khong gian hoi headspace G1888, cot mao quan
VRX (Supelco) dai 60 m, duong kinh 0,32 um.

- Céc dung cu nhu 1o 23 ml, nép va vanh
nhom chuyén dung cho k¥ thuédt khong gian hoi
cua Agilent, pipet 10 ml, Micro syring 10 ml.

- Dung dich chuan gbc VOC 1000 ppm ctia
Supelco (s0 16 LB65604) gom 23 chat trong do
¢6 Chloroform, Bromodichloromethane BDCM,
Dibromochloromethane DBCM va bromoform,
bao quan lanh ¢ 5°C.

- N6i chuén 1-bromo-4-fluorobenzene (IS)
1000 ppm.

- NaCl (Merck), nudc siéu sach da loai bd chat
hitru co bang may Millipore MiliQ.

2.2. Quy trinh thyc nghiém

2.2.1. Quy trinh ldy va bdo qudn mdu

Dung cu ldy mau dugc sir dung 1a céc chai
thuy tinh 100 ml, nap van, c¢6 16p dém PTEF sach
say kho ¢ 105°C trong 3 gio, d€ ngudi, day nap that
chit kin. Mau nuéc lay day chai va nut lai that chit,
khong trao doi khi (khong thay bot khi). Bao quan
mau & nhiét o tir 0°C - 4°C khong qua 48 gio. Sir
dung Natri ascorbat tir 0,01 dén 0,02 gam d¢ loai
bo 1 mg clo du.

2.2.2. Chudn bi mau
. Léy chinh xac 10 ml dung dich chuén hoic
mau cho vao lo 23 rpl dung cho bd khéng gian hoi
(Agilent), thém muoi NaCl vao, dong nap lai.
2.2.3. Phan tich trén thiét bi GC-MS
Trihalomethanes (THMs) 14 cac hop chit don
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cacbon chira cac nhom thé halogen voi cong thirc
chung CHX,, trong d6 X la cac nguyén t6 halogen
nhu F, CI, Br I hodc 1a két hop cac nguyén té nay
v6i nhau (H. A. Marie, 2014). Cac THMs c6 mat
phd bién trong nudc udng gdm cac dang khac nhau
nhu: chloroform (CHCI,), bromodichloromethane
hay dichlorobromomethane (CHBrCl,) (BDCM),
dibromochloromethane hay chlorodibromomethane
(CHCIBr,) (DBCM) va bromoform (CHBr,).

- Churong trinh nhiét: nhiét d6 dau: 40°C, tdc
d06 gia nhiét 1a 10°C /phut, nhiét 6 cubi 200°C giir
3 phat. Ty 1€ chia dong: 1:10.

- Nhiét d¢ inlet: 200°C, khi mang He 99,9999%.

- Pau do MS: Nhiét d6 ngudn ion hoa 230°C,
nhiét 46 bo tr cuc 150°C, thoi gian tré dung moi:
9 phut. Manh ion sim: Chloroform (83, 85 m/z),
BDCM (83, 85), DBCM (129,127), Bromoform
(173,254), IS (95, 174).

3. Két qua va thao luin

3.1. Téi wu diéu Kkién

V&i muc tiéu tim diéu kién hoa hoi chét phan
tich tot nhat dé thu do nhay cao. Chung t6i tién hanh
khao sat anh hudng cia ba yéu td nhiét do, thoi gian
nung va ndng d6 mudi dong thoi bang ma tran yéu
t6 toan phan. Sau do, t6i uu hoa cac diéu kién bang
phuong phép leo dbc Box-Wilson [1], [4].

3.1.1. Cac buoc thuc hién bai toan quy hoach

Chon céc yéu t6 anh hudng: Z:Nhi¢t do nung
trong bo khong gian hO’l °C; Z,; Th(n gian nung,
phat; Z.: nong d6 mudi (g/10 ml) Chon cac ham
muc tleu Y: tong dién tich bon chit THMs.

Chon mién khéo séat: Theo tai liéu tham khao
va diéu kién giéi han ctia headspace, chiing t6i tién
hanh khao sat trong cac didu kién sau (Bang 1).

Xay dyng ma trdn quy hoach véi bién ao X,
TYT.2, (Bang ‘2). o

Bang 1. Mién khao sat cac yeu to anh hwéng

Béng 2. Ma trin quy hoach thuc nghiém 23
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Cic yéu t6 anh hwong
Cicmic | Nhigtdp | Thoi gian [flf:lg(g")
0 - 3)s
Mtc trén (+1) 100 60 3,5
Murc co s6 (0) 70 35 1,75
Mtc dudi (-1) 40 10 0
Khoang bién
thién (A) 30 25 1,75
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0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0

1586726

Qua cac tinh toan ta dugc phuong trinh hoi
quy mo ta gan ding nhat voi thuce nghiém néi 1én
anh huong cua 3 yéu té dén qua trinh c6 dang:

Y=933265-156436X +64900X, +427037X,
- 89223X, +71110X,, +28004X .,

Két qua khao sat cho thdy nhiét d6 va ndng do
muoi ¢ anh hudng qua lai véi nhau. Chung tuong
tac nghich. Ham dat gia tri max khi nhiét do giam
va nong do muoi tang.

3.1.2. Téi wu hda thuc nghiém

Téi wu t6i hoa quy trinh khao sat ham muc
tiéu bang phuong phap leo doc.

Yéu to Z co he ) b A 16n nhét nén budc

chuyén dong cua yéu td Z du0’c tinh nhu sau:
6,=0,3*AZ =0,3*30=09.

Céc budc chuyén dong ciia yéu td Z,,Z,dugc
tinh theo cong thuec:

b8y 4

5, =6,
blAl

bA,

=3; 6,=9,

Trong do 4, 1a bude nhay ctia yéu to thir i; b,
1a hé s6 hodi qui cua cac yéu to twong quan; A, la
khoang bién thién cua timg yéu té tuong tng. Cac
gia tri tinh toan thé hién trong Bang 3. Dién tich bon
chat THMs 14 cao nhat v&i nhiét 6 nung 52°C trong
thoi gian 41 phit va ndng d6 mudi 1a 3,5 g/10 ml.
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Bang 3. T6i wu héa cac thi nghiém tir tim ma tran

Thi nghiém ké tiép
PapungY
Zl ZZ Z3

TN9 61 28 3,2 2271016
TN10 52 41 3,5 2440568
TN11 43 44 3,5 2206356

3.2. Xay dung duong chuin

Dudng chudn cic THM
12
y=1,0329% - 0,0857

10 R2=0,9971 2
. 8 T R 6705 - 0.000. 4 chloroform
< / R2=0,9999 BDCM
< 6 y=04114x-0,0048 ADBCM

4 il R2=0.9997 X

2 X

y=0233%+0,0012
0 2 4 6 cycys © 10 12

Hinh 1. Puong chuin cac THMs

DPuong chuan xac dinh cac chit THMs duoc
tién hanh trén day dung dich chuan cé nong do
tir 1 dén 100 pg/l voi ngi chuan 1-bromo-4-
fluorobenzene co6 nong d6 10 g/l (Hinh 1). Trong
d6: CS/CIS 1a ty 18 ndng do chat chuan/ ndng do
ndi chuin; AS/AIS 1a ty 1é dién tich pic ctia chat
chuan/dién tich pic ctia ndi chuan.

3.3. Giéi han phat hién va dinh lwgng

Gi61 han phat hién LOD (Limit of detection)
va dinh lugng LOQ (Limit of quantitation) dugc
tién hanh bang cach do nhiéu lan dung dich c6 ndng
d6 nho gan bang gii han phat hién. Cac gidi han
phat hién dugc tinh theo cong thurc sau:

C._
LOQ =10 —min_

C,
LOD =3%_nin;
SIN SIN'

Trong d6 S/N: 1a ty 1é tin hiéu trén nén (3< S/
N<10), C la nong do do (Bang 4).
Béng 4. Gi6i han phat hién va giéi han dinh lwgng

cia phwong phap
Giatri | Chloroform | BDCM | DBCM | Bromoform
C
min 0,2 0,5 0,5 0,5
(ng/M
S/N 6,2 9,5 8,2 7,8
LOD
0,10 0,19 0,18 0,18

(ng/h

LOQ 0,32 0,64 0,61 0,60
(ng/

3.4. Danh gia dj chinh xac ctiia phwong phap
Phan tich sic ky d6 ciia dung dich chuéin
THMs dugc mo ta nhu Hinh 2.

TIC: 10ppt-s 100000\ data.ms.

g

\Chloroform
BDCM
DBCM

Bromofprm
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Hinh 2. Siic ky do dung dich chuan THMs 10 pg/l
phan tich bang phwong phap HS-GC-MS
Do dung duoc danh gia qua hiéu suét thu hoi.
Thi nghiém x4c dinh hiéu suét thu hdi dugc tién
hanh tai ba muirc néng dolas, 10 va 50 pg/l. Thuc
nghiém tién hanh bang cach thém chuan vao céac
nén mau thuc té. Mdi muac duge thuc hién lap lai
ba lan. Két qua khao sat trinh bay trong Bang 5.
Biing 5. Két qué khio sat d§ 13p lai
va hi¢u suat thu hoi

Chit sugt | 01 s g
HSTH |RSD | HSTH | RSD |HSTH | RSD
@) | %) | @) | @) | @) | @)
Chloroform 99,5 | 11,7 | 105,5 12,6 | 109,8 | 5,1
BDCM 108,8 | 16,6 | 104,6 8,1 104,1 9,0
DBCM 103,7 | 5,5 | 110,6 10,1 106,6 | 8,8
Bromoform 103,8 | 4,5 | 1052 11,9 | 109,3 | 9,1

Hiéu sut thu hoi cac chat trihalomethanes ctia
phuong phap khong gian hoi tai cac ndng do khao
sat trong khoang tir 99 -110% va thudc khoang
cho phép theo quy dinh cia AOAC (Association
of Official Analytical Chemists - Hi¢p hdi céc
nha hoa hoc phan tich). Theo két qua dat duoc,
d6 1éch chuén tuong dbi RSD (Relative Standard
Deviation) cua cic phép phén tich cao nhat 1a
16,6%, thip hon khoang RSD chap nhan dugc
theo yéu cau cia AOAC vé danh gia tiéu chi do
1ap (<21%). Nhu vay, quy trinh phan tich da xay
dung dé xac dinh cac hop chit trihalomethane ¢
do 1ap dam bao tin cay.
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3.5. Két qua phén tich mdt s6 miu nwéc
may trén dia ban thanh phé H6 Chi Minh

Két qua phén tich mot sé mau nude trén dia
ban thanh phé H6 Chi Minh cho thiy Chloroform,
BDCM c6 ham luong nhé hon so véi tiéu chuin
cho phép ctua Bo Y té Viét Nam (Béang 6). Theo

huéng dan cua T6 chuc Y té Thé giéi va Bo
Y té Viét Nam quy dinh gidi han ndéng do cac
Trihalomethane cho phép c6 trong nudc nhu sau:
chloroform 200 pg/l, Bromodichloromethane
60 pg/l, Dibromochloromethane 100 pg/l va
bromoform 100 pg/l.

Bing 6. Két qua phan tich cac THM tai mét s6 dia diém & thanh phé H6 Chi Minh

Tén mau Pon vi |Chloroform| BDCM DBCM Bromoform
Tran khanh Du - Quén 1 pg/l 21,7 5,2 0 0
Luong Nhit Ngoc - Quéan 5 pg/l 90,0 15,9 0 0
Trinh Pinh Trong - Quén Tan Phu pg/l 128,1 14,4 0 0
Lé Pai Hanh - Quan 11 pg/l 95,6 12,6 0 0
Buong 3/2 - Quén 10 pg/l 31,6 7.4 0 0
X6 Viét Nghé Tinh - Quan Binh Thanh ng/l 30,7 7.3 0 0
Ba Huyén Thanh Quan - Quén 3 ng/l 20,4 4,6 0 0
Dit Méi - Quan Binh Tén pg/l 162,4 15,1 0 0
Thanh Loc - Quén 12 pg/l 109.4 14,2 0 0
Truong Dinh - Quén 1 pg/l 27,7 6,5 0 0

4. Két luan

Nhom nghién ciru da tim duoc mot sé didu
kién thuc nghiém khi sir dung phuong phép séc
ki khi ghép khéi phd két hop k¥ thuat khong gian
hoi dé tiém mau. Ap dung phan tich chinh xac
ham lugng cac hop chit Trihalomethanes-THMs
trong cic mau nude trén dia ban thanh phd Ho

Chi Minh. D6 1éch chuan twong dbi khi tinh toan
hiéu sudt thu hoi giira cac 1an do dudi 20% ching
t6 cac két qua do sai 1éch khong 16n va cho do
chinh xac cao.

Két qua nghién ctru khiang dinh ham luong
céc chat THMs trong cac mau nude van & mirc cho
phép theo QCVN 01:2009/BYT./.
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STUDYING THE GAS CHROMATOGRAPHY OF SPECTROMETRY MASS
COMBINED WITH THE HEAD-SPACE TECHNIQUE TO ANALYZE
TRIHALOMETHANES IN HO CHI MINH CITY
Summary

The gas chromatography of spectrometry mass is one of the selected methods for analyzing
trihalomethanes (THMs) in supplied water. Today, the combination of this method with the head-space
technique (HS-GC-MS) has been found to have many advantages. It is a modern method for analyzing
THMS in water without the solvent extraction step, which makes environmental pollution. The results
showed the greatest sensitivity obtained in the following conditions: incubation temperature 52°C,
incubation time 41 mins, NaCl concentration 3,5g/10ml. These optimal conditions are used to analyze
THMS in some supplied water samples in Ho Chi Minh city.

Keywords: Chlorine, trihalomethanes, THMs, HS-GC-MS, headspace technique.
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