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Abstract

This study investigated the effect of dissolved organic carbon (DOC), sodium dodecyl sulfate (SDS) and sodium
oxalate (OXa) on desorption of endosulfan and dichlorodiphenyltrichloroethane (DDT) from soil in to water. The
individual and interaction effects of three control parameters (DOC, SDS and OXa) on concentration of pesticides
desorption was estimated by central composite rotatable design. Quadratic regression equations of response function
(pesticides desorption) and variables were estimated. Statistical significant of models were confirm by square regression
coefficient R? which are 0.976 and 0.984 for endosulfan and DDT, respectively, adjusted square regression coefficient
(Rzadj) are 0.952 va 0.972 for endosulfan and DDT, respectively, it indicated that model fit to experiment data. Effects
of independent variables DOC, SDS and Oxa on regression desorption concentrations pesticides were linear throughout

regression coefficients at linear.
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1. GIOI THIEU

Thudc trir sdu dugc sir dung trong nong nghiép
dé bao vé mua mang dam bao nang suat cdy trong,
nhung né ciing gdy ra mot s6 van dé Ve moi truong
cling nhu strc khoe con nguoi. Mot sb cac thude trir
sau doc hai cho mdi truong sinh thai da bi cAm st
dung nhung nd van con ton tai va di vao madi truong
nhu dichlorodiphenyltrichloroethan (DDT) va
endosulfan. Chiing 1a nhiing chit 6 nhiém hitu co
bén viing va cim sir dung do thoi gian ban huy dai,
tich ldy sinh hoc cao va nguy hiém dbi véi stc khoe
con ngudi va h¢ sinh thai cling nhu hé thuy sinh [1].
Pau vao gan day ciia DDT trong mdi truong dat van
duoc tim thay boi sir dung cac thude trir sdu khong
tinh khiét nhu dicofol 13 mét trong cic nguyén nhan
gy 6 nhiém DDT trong thoi gian gan day [2-4], va
viéc st dung trai phép mot s6 thube trir sau da bi
cAm & mot s nudc [5, 6], cling nhu la viéc sur dung
cac thude trir sdu nay dé khéng ché dich sbt xuat
huyét tai mot sé cac ving dan cu [7]. Endosulfan 1a
thude trir sdu méi duge cAm sir dung tir nam 2012,
n6 van dugc tim thiy véi ndng do cao trong dat.

Tang cudng giai hip thu cia cac thudc trir siu s&
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lam tang cudng su vén chuyen dén nguon nuéc
ngam va nudc mat. Co rit nhiu céc yeéu td anh
huong dén su giai hap phu cua thude trir sdu nhu cac
chat hiru co hoa tan, oxalat, chét hoat dong bé mit...
Trong nghién ctru cia White [8] da cho thay céac ax1t
hiru co lam tang cuong giai hap phu ciia cac thube
trir su ky nudc trong dat. Nong do axit oxalate véi
ndng do6 tir 0,001 M dén 0,1 M lam ting cudng nha
hép phu cua DDT trong dat [9]. Su hoa tan ciia cic
hop chét hitu co duogc ting cuong bdi mixen cua cac
chat hoat dong bé mat non-ionic va anionnic [10,
11], va n6 phu thudc ndng do chat hoat dong bé mat
va thudc trir siu. Dung dich chat hoat dong bé mit
natri dodecyl sulfate (SDS) & nong d¢ tir 2 dén 10
cmc (critical micellar concentration) da dugc nghién
clru la lam tang cuong giai hép cua cac thude trir sdu
ky nudc tur dat [12]. Cacbon hiru co hoa tan (DOC)
¢6 ngudn gbe tir axit humic voi nong do tir 30 dén
90 mg/l ciing lam ting 1én giai hap phu cua cac
thudc trir sau [11, 12].

Nghién ctru cac yéu t6 anh huong dén su giai
hép phu cia céac thudc trir sau tir moi truong dat vao
nuéc chu yéu tap trung trén ting 601 tuong riéng
biét, trong khi d6 van con nhidu ngudn nudc chit
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luong thap st dung trong ndng nhi€p, cling nhu la
khi cac dat ‘nong nghiép bi ngdp lut, cac ngudn nude
nay chtra rat nhiéu cac thanh phan trong d6 ¢c6 DOC,
chat hoat dong bé mat tu nudc thai sinh hoat, cac
axit hiru co c6 ngudn goc tir thue vat.... Vi vay su
anh huong ddng thoi cua cac yéu td nay nén sy giai
hap phu ctia cac thude trir sdu vao méi trudng nude
can duoc nghién ciru.

M6 hinh héa thuc nghi¢m bac hai tdim xoay la
mot ky thuat thdng ké toan hoc hiéu qua dé mé hinh
hoa va t6i uu hoéa anh huong dong thoi cua cac bién
doc lap dén ham muc tiéu, cling nhu 1a danh gia
ddng thoi nhiéu thong s6 va tuong tac ciia chung 1én
phuong trinh hdi quy. Ky thuat thong ké nay da
dugc ng dung rong rai trong cac linh vuc nhu hoa
thuc pham, cong nghé hoa hoc, néng nghiép....
Trong nghién cuu nay phuong phap mo hinh hoa
thuc nghiém bac hai tdm xoay dugc su dung dé
nghién ctru sy anh hudng dong thoi cua ndng do cac
bon hiru co hoa tan ([DOCY]), chat hoat dong bé mit
natri dodecyl sulfat ([SDS]), natri oxalat ([OXa])
dén nong do giai hap phu cua cac thudc trir sau
endosulfan va DDT tir dat vao nudc.

2. THUC NGHIEM
2.1. Ho6a chit, dung cu thiét bi

Cac dung dich chuin endosulfan va DDT véi
noéng do tuong tmg 100 va 500 pg/l cua Sigma-—
Aldrich. Cac hoa chit metanol, axeton, n-hexan va
diclometan déu thudc loai tinh khiét cia Merck,
NaCl va Na,SO, vé6i do tinh khiét > 99,5 % cua
Sigma-Aldrich.

Natri oxalate (Oxa) cia Merck, dung dich duoc
chuan bi ¢ néng d6 0,2 M, natri dodecyl sunphat
(SDS) ciia Merck, dung dich chét hoat dong bé mat
duoc chuan bi & néng dd 50 cmc (trong d6 1 cmc
cua SDS 14 2,4 g/1[13].)

Dung dich DOC nong d6 765 mg/l dugc chuin
bi tir dung dich DOC da phan 1ap tir nén dat rimg &
Tisted Nerskov, Na Uy theo Strobel [14]. Dung
dich DOC duoc loc qua giéy loc nylon 0,45 pum
(Millipore) va xac dinh lai nong do trén thiét bi do
TOC trudce khi st dung.

Thiét bi sdc ky khi két ni khdi pho (GC/MS)
(QP-2100 Plus, Shimadzu, Kyoto, Japan), may lac
dung, bo cat quay chan khoéng, va hé théi khi nito.
May phén tich tong cacbon TOC-Vepn (Shimadzu),
hé chiét pha ran.

2.2. H¢ thi nghiém

2.2.1. Chudn bi mau dat
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Trinh Thu Ha va cong sy

Mau dat dugc 1y ¢ 16p dat mat voi do sau tir 0-1
cm trén rudng lua ¢ x& Huong Toan, ngoai 6 thanh
phé Hué. Mau dit duoc siy kho, nghién min qua ray
2 mm, bao quan & -4 °C cho dén khi thi nghiém.

Mot sb tinh chat hoa Iy chinh ciia mau dat: pH
5,08; kha nang trao dbi cation (CEC) 11,5
meq/100g, ham luong cic bon 1,83 %, téng nito
0,22 %, ham lugng cat: 7 %, ham luong bun: 64,5
%, ham luong sét: 28,5 %, dat co cdu trac bun sét.

Bom thudc trir sdu vao trong dat: 5 ml axeton
hdn hop dung dich endosulfan va DDT véi mdi nong
do6 1a 100 mg/l, dugc tron déu voi 5 g dat & dang
dung dich dit v6i 20 ml axeton, dé bay hoi axeton
sau 24 gio trong to hat. Sau d6 mau dit da bom
thudc trir siu nay duoc tron déu vOi mau dat va dinh
lugng dén 100 g dé dat dugc nong d6 ban dau cua
mdi thudc trir siu trong mau dét nay 1a 5 pg/g (khdi
luong kho) [12].

2.2.2. Thiét ké thuc nghiém

Phin mém théng ké Modde 8.2 (Umetric,
Sweden) dugc st dung dé thiét ké ma tran thuc
nghiém, phéan tich théng ké va mé hinh hoa ham
muc tiéu. Phuong phap mat muc ti€éu (RMS) dua
trén mo hinh hoéa thyc nghiém bac hai tdm xoay
(CCC) day du voi cac thuc nghiém & tdm va nhiing
thuc nghiém o diém sao (*) da duoc sir dung dé
nghién ctru su anh huéng ddng thoi cua ndéng do
DOC (mg/l), SDS (cmce) va OXa (M) trong dung
dich dén noéng do giai hép phu cua endosulfan va
DDT tir dét vao trong dung dich.

M&i bién doc 1ap c6 5 mirc thuc nghiém (bang 1)
va c6 14 thi nghiém 1a sy két hop gitra cac murc nay
va 3 thi nghiém l3p lai ¢ tdm. Téng cong 17 thi
nghiém dugc thuc hién, mdi thi nghiém dugc lam
kép 2 miu va tién hanh mét cach ngiu nhién theo
tinh toan cua Box - Behnken [15] dé tranh sai sé hé
théng. Cac thi nghiém cung véi cac bién da ma héa
va gia tri thyc dugc chi ra ¢ bang 2.

Céc bién doc 1ap DOC, SDS, Oxa dugc ma hoa
thanh x1, x2 va x3, gilta bién doc lap va bién ma hoa
lién h¢ v6i nhau boi cong thirc:

X = XA_XTO (1) trong d6 X, 1a gia tri thuc &
mure tim, AX 1a bude thay doi.
DOC -50 SDS -3
1 o5 2); X, > 3
Oxa—0,05
Al 7]
0,049 ®

Y1, Y, tuong tmg 13 ndng d6 giai hdp phu cua
endosulfan, DDT trong dung dich. Ham muc ti€u va
bién ma hoéa lién hé voi nhau boi da thire bac 2:
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— 2
Y = 2bix; +2bini Xj + Zbiiji XjXe +, ..., + 2hix5 +...

Q)

Anh hiomg dong thoi ciia cacbon...

Trong d6: Y: ham muc tiéu, x;, X; 1 cac bién doc 1ap,
Bo 1a hang so, Bi, i, Bij 1a cac hé s6 bac nhat, bac hai
va hé s0 tuong tac gitia 2 bién.

Bang I: Céac hé sb va cac muc st dung trong thiét ké thuc nghiém

Céc bién Ma Miuirc mi héa Budc
hoéa | Muc sao MI:IC Mic Muc | Muc sao thgy
) thap tam cao (+) doi
-1,682 -1 0 1 +1,682 )
DOC (mg/l) X1 8 25 50 75 92 25
SDS (cmc) Xa 0 1 3 5 6,4 2
Oxalate (M) X3 0 0,001 0,05 01 0,15 0,049

2.2.3. Thi nghiém nha hdp phu

Thi nghiém giai hip phu dugc tién hanh cing
mot loat véi mdi dng thi nghiém gém 4 g dit da bom
thudc trir siu va 40 ml dung dich giai hap phu gom
¢6 DOC, SDS va Oxa véi mdi ndng d6 theo ma tran
thuc nghiém & bang 2.

Hn hop cia dat va dung dich giai hip phu duoc
lac voi tée do 150 vong/phit, & 25 °C. Sau d6 dung
dich dugc ly tim & tdc o6 2000 vong/phut trong 15

phut. Dich chiét ly tdim dugc chiét pha rin véi cot
Cl18 (sau khi hoat héa lan luot v6i 3 ml
dichlorometan:3 ml metanol:3 ml H,0) véi toc do
dong 8 ml/phat. Sau d6 cot C18 duogc thdi kho 30
phat, va ria giai voi 3x2 ml diclorometan, 3x2 ml
hén hop diclorometan:hexan (1:1) va 3x2 ml hexan.
Dung dich rua giai dugc dong kho ¢ -80 °C, sau d6
pha hitu co con lai duoc cit quay chan khong, phan
can dugc hoa tan trong 1 ml hexan [12], va phén tich
trén thiét bi GC/MS.

Bang 2: Ma tran thiét ké thuc nghiém va cac Kkét qua thuc nghiém

Céc bién 4 ma héa Céc bién doc 14p Nong 0 gidi hap thu ctia
Thi thudc trur sau (pg/l)

nghiém s % X3 DOC SDS Oxa Endosulfan DDT

(mg/l) | (cmc) | (M) (Y1) (Y2)

1 -1 -1 -1 25 1 0,001 7,85 5,96
2 +1 -1 -1 75 1 0,001 33,65 16,91
3 -1 +1 -1 25 5 0,001 54,90 38,79
4 +1 +1 -1 75 5 0,001 59,01 41,28
5 -1 -1 +1 25 1 0,10 44,08 30,97
6 +1 -1 +1 75 1 0,10 59,22 45,83
7 -1 +1 +1 25 5 0,10 94,96 78,45
8 +1 +1 +1 75 5 0,10 63,75 65,17
9 -1,682 0 0 8 3 0,05 26,40 32,93
10 |+1,682| O 0 92 3 0,05 77,23 70,23
11 0 -1,682 0 50 0 0,05 11,49 7,35
12 0 |+1,682| 0 50 6,4 | 0,05 21,50 20,72
13 0 0 -1,682 | 50 3 0,00 56,00 57,29
14 0 0 |+1,682| 50 3 0,15 97,00 75,22
15 0 0 0 50 3 0,05 56,50 56,12
16 0 0 0 50 3 0,05 52,38 57,74
17 0 0 0 50 3 0,05 59,69 58,48
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Diéu kién do trén thiét bi GC/MS: Cot sic ky ZB
- 5MSi (dai 30 m, dudng kinh trong 0.25 mm, bé
day 16p pha tinh 0,25 pm) (Phenomenex). Chuong
trinh nhiét do ¢t duoc cai dit & 40 °C (2 phut), ting
dén 300 °C (8 °C/phut) va gitt & 300 °C (4 phut).

Trinh Thu Ha va cong sy

Bom miu ty dong vai 1 pl, ché do splitless mode,
khi mang He v6i van toc 40 cm/gidy va toc d6 dong
khéng d6i. Nhiét do cong bom maiu, ngudn ion va
interface twong ung 1a 250, 200 va 300 °C [16].

Bdng 3: Gia tri cac hé s hdi quy (bién ma hoa) ctua phuong trinh hdi quy giai hip thu cta cac thude trir sau

Qiéi hap phu cuia endosulfan Giéi héap phu cia DDT
hlgf qsl(;)y Chuin t p hlg? c;l?y Chuén t p
bo 56,72 37,91 0,0000 59,76 130,21 0,0000
by 7,27 7,34 0,0701° 5,69 18,73 0,0768°
b, 12,14 12,25 0,0103* 12,49 41,10 0,0030°
b3 11,86 11,97 0,0178? 12,21 40,17 0,0057%
b1 -0,75 3,42° 0,8430 -2,47 11,35 0,4260
b2 -15,39 70,66 0,0056* -18,13 83,25 0,0007%
bs3 9,62 44,17 0,0750° 0,41 1,88 0,9150
b1z -8,51 29,12 0,0970° -4,58 15,67 0,2420
b1z -5,75 19,68 0,2370 -1,48 5,08 0,6910
D3 -2,13 7,28 0,6470 1,20 4,12 0,7470

*P tin cdy p < 0,05, "Pé tin cdy p < 0,1, ¢ < 1(0,975;2) = 4,30.

2.2.5. Kiém sodt chdt lwong

Mau tring dugc st dung dé kiém soat su nhiém
ban cua cac miu. Nghién ctru do thu hdi cua 100
ng/l dung dich chuén cua mdi thude trir sdu, do thu
hoi ctia endosulfan va DDT tuong tng 14 98 va 97%.
Gioi han phat hién (LOD) cta endosulfan va DDT
tuong ung la 4 va 4 pg/l.

3.KET QUA VA THAO LUAN
3.1. M6 hinh héa thuc nghiém

Két qua cac thi nghi€ém xac dinh nong dd cac

thudc trir sdu endosulfan, DDT trong dung dich giai
hép phu véi cac néng d6 khac nhau caa DOC, SDS,
Oxa theo ma tran thuc nghiém duoc chi ra ¢ bang 2.
Két qua nay duoc su dung dé phan tich thong ké va
du doan phuong trinh hdi quy théng qua phan mém
Modde 8.2.

Gia tri cac hé s6 hdi quy cho cac bién ¢ ma hoa
cia phuong trinh hdi quy dugc chi ra & bang 3.
Chuan théng ké student (chuén t) dugc st dung dé
danh gia dg tin cay cua cac hé s6 nay. Sau khi loai
b6 cac hé sé hoi quy khong ¢ nghia va thay thé cac
bién dd ma héa bai cac gia tri thuc (cac biéu thuc 2,
3, 4). Phuong trinh hdi quy ciia cac ham muc tiéu
thu duoc nhu sau:

[endosulfan] = -50,54 + 1,04[DOC] + 38,75[SDS] + 81,75[Oxa] — 3,85[SDS]? + 3925[Oxa]’
- 0,17[DOC]X[SDS] — 4,65[DOC]x[Oxa] -1,47[SDS]x[Oxa] (6)

[DDT] = -51,35 + 0,93[DOC] + 38,09[SDS] + 324[Oxa] — 0,004[DOC]? - 4,55[SDS]?

- 0,092[DOC]X[SDS] - 1,19[DOC]X[Oxa]

Vi khoang gia tri: 25 <[DOC] <90 mg/l ;

Két qua phén tich phuong sai (ANOVA) cho céc
phuong trinh hdi quy bac hal va phén tuyén tinh véi
cac bién [DOC], [SDS] va [OXa]. D6 tin cdy thong
ké ciia mé hinh duoc khing dinh thong qua hé s6 hoi
quy binh phuong (R?) va hé s6 hdi quy binh phuong
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0 <[SDS]<6,4 cmc; 0<[Oxa] <0,133 M.

hiéu chinh (R,q°) va chuan Fisher (F-test) [17].

Gia tri R® cia endosulfan va DDT twong tng la
0,976 va 0,984 gan voi 1 va két qua nay ciing duoc
nhin thay voi gla tri cua R® adj (RzadJ 0,952 cho
endosulfan, R? adj = 0,972 cho DDT). Gi4a tri cua
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chuan F cho phuong trinh hdi quy bac hai ddy du
cua endosulfan va DDT tuong ung la 40,54 (> 3,44),
va 80,26 (> 3,29). Chung cho thiy mé hinh nay phu
hop véi dit liéu thuc nghiém [18].

Gia tri chuan Fisher cho su thiéu phu hop cua
endosulfan va DDT tuong ung 1a 0,41 (< 5,14), va
4,41 (< 4,47), n6 loai trir sy thiéu phu hop cta cac
md hinh nay [17].

Két qua phan tich ANOVA chi ra rang mé hinh
phuong trinh hdi quy bac hai (ndng d6 nha hép phu
ctia endosullfan, DDT) cho cac bién doc 1ap ([DOC],
[SDS] va [Oxa]) dugc chi ra & phuong trinh (6), (7)
chung c6 gia tri thong ké ot dé du doan thuc nghiém
trong vung gia tri ma thi nghiém nghién ctu.

3.2. Anh huéng ciia ndng d9 DOC, SDS va Oxa

Anh hudng cta cac bién doc 1ap ([DOC], [SDS]
va [OXa]) 1én cac ham muc ti€u (giai hép phu cla
cac thude trir sdu) dugc thé hién thong qua céac hé s6
hoi quy bac nhét, hé sé hoi quy bac hai, va h¢ sb hoi
quy tuong tac gifta cac bién & bang 3.

Phén tich AONA cho céc hé s6 hdi quy bac nhat
cho thiy rang su tuyén tinh 1a dang tin ciy voi gia tri
chuan F cho endosulfan va DDT tuong tng 13 4,92
(> 3,44), va 5,96 (> 3,29). Cac hé s6 bac nhat cua
[DOC] va [OXa] ¢6 d0 tin cay 6 muc p < 0,05 vap
< 0,1 (bang 3). N6 cho thay khi gia tri cac bién ndng
do tang 1én: DOC tr 8 dén 92 mg/l, va OXa tir 0
dén 0,15 M thi din dén ting cuong giai hip phu cua
céc thude trir sdu endosulfan, DDT trong dung dich.

Anh hiomg dong thoi ciia cacbon...

DOC lam tang cuong giai hap phu ctia cac thude trir
sdu boi vi n6 cong két v6i cac chit co do ky nude
cao thong qua cong két v6i cac can lo limg [19, 20]
lam tang giai hap phu cua chung vao trong nudc.
Giai hap phu cua endosulfan va DDT tu dat vao
nuée duoc ting 1én khi ndng do cua DOC (tir axit
humic) ting 1én trong dung dich cling da dugc nhin
thdy trong nghién cou cua Gonzalez [12].

Nong d6 giai hip phu cua cac thude trir sdu ciing
tang 1én khi ndng d6 OXa trong dung dich ting 1én
bdi OXa tao phuc cang véi cac ion kim loai, né pha
vo lién két co-kim (htru co - kim loai), va lam tang
d6 linh dong ciia cac chét hitu co dat trong pha long
dan dén tang ham lugng cacbon hiru co. Cac thude
trr sdu s€ tao phirc v4i cacbon hitu co nay va nha
hép phu vao trong pha nudc [12, 21]. Hinh 1a (1, 3),
b(l, 3), ¢ (1, 3) cling cho thay anh huong cua DOC
va Oxa dén nong d¢ giai hap phu cua cac thudc trir
sau endosulfan va DDT gan nhu tuyen tinh. Anh
huéng cua [SDS] dén nong do giai hép phu cua
endosulfan, va DDT 14 tuyén tinh bac hai, két qua
nay ciing duoc nhin thdy & hinh 1a(2) va b(2), va &
tat ca cac hé sb6 hdi quy bac hai cua [SDS] déu c6 do
tin cay voi p < 0,05.

SDS ting cuong giai hip phu cua endosulfan,
DDT thong qua cdc mixen cia SDS cd mdt trong
dung dich, va cac phan phén tir thudc trir sdu hip
phu vao cac trung tdm ky nudc cliia cac mixen nay,
dan dén ndng do cua thude trir sdu ting 1én trong pha
long [10, 22].

a) % sot (1) sor (@ sot (3
2
& 607 601 601
= {
o
T 407 401 407
= — —
20 40 60 80 1 2 3. 4 5 000 005 010
DOC (mg.L-1) SDS (cmc) Oxa (M)
b)_ ol @ sot (2 801 (3)
i
g 60../"‘ 60T 60/
}_
o
2 40T 40T 407t
—_— —
20 40 o0 80 1 2 3 4 5 000 005 0.10
DOC (mg.L-1) SDS (cmc) Oxa (M)

Hinh 1I: (a) va (b) tuong mg 1a ndng d6 giai hip phu ctia endosulfan va DDT trong dung dich duéi su
anh huong cua DOC, SDS va Oxa
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4. KET LUAN

Anh huéng ddng thoi cua ndng d6 DOC, SDS,
OXa trong dung dich 1én ndng do giai hap phu cua
thude trir sdu endosulfan, DDTd3 duoc thé hién qua
cac phuong trinh hdi quy bac hai voi d6 tin cdy
théng ké trong ving thuc nghiém bai phuong phap
mit muc tiéu. B.%lng viéc sir dung cac phuong trinh
hdi quy nay c6 thé du doan dugc ndng d6 giai hap
phu cuia cac thude trir sau endosulfan va DDT trong
nu6e khi ¢6 mit cua cac yéu t6 DOC, SDS va OXa
trong diéu kién ap dung ciia nghién ctru nay. Trong
diéu kién st dung nudc cho tudi tiéu voi thanh phan
¢ chét luong thép hodc nudc lut bi anh hudng tu
cac nguodn sinh hoat chung s& lam gia ting lugng
giai hap phu cua cac thude trir tir méi trudng dit vao
nudc.

Loi cam on. Nghién ciu nay dwoc tai tro boi du dn
ODA giita Vién Han lam Khoa hoc va Cong nghé
Viét Nam va Truong Dai hoc Copenhagen, Dan
Mach: Nghién ciru cong nghé tién tién dé xir Iy nuéce
uong cung cdp cho dan trong thoi gian ngdp lut, ma
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