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SUMMARY

APPLICATION OF ELECTRON BEAM IRRADIATION FOR PCBs
(POLYCHLORINATED BIPHENYLS) DECHLORINATION FROM SPENT
TRANSFORMER OIL

To enable the reuse of spent transformer oil as an industrial fuel, it is necessary to remove hazardous
constituents, particularly polychlorinated biphenyls (PCBs), a class of persistent organic pollutants
commonly used as additives. Gas chromatography analysis identified 13 out of 15 representative PCB
congeners in the tested oil sample. Treatment of the PCB-contaminated transformer oil using electron beam
irradiation demonstrated effective dechlorination of PCB compounds. Following irradiation at a dose of
150 kGy, the total chlorine content associated with PCBs was reduced by approximately 94,61%. The
dechlorination kinetics of several PCB homologs (tri-, tetra-, penta-, and hexa-chloro biphenyl) were also
investigated, indicating that homologs with varying degrees of chlorination followed distinct kinetic
pathways. These findings provided initial evidence supporting the feasibility of employing electron beam
irradiation as a viable method for the remediation of PCB-contaminated transformer oil.

Keywords: electron beam irradiation, radiolytic dechlorination, polychlorinated biphenyl, dechlorination
kinetics.

. - ton hai cho da, ton thuong gan va céc van
1. GIOITHIEU 38 ddi v6i hé théng midn dich [4]. Chung
Polychlorinated biphenyls (PCB) duoc xép cling dugc coi 14 chat giy ung thu & nguoi
vao nhom hop chat hitu co kho phan huy  va c6 thé kiém hdm sy phat trién hé than
[1]. Tinh chat tro v€ mit hoa ly va khd  kinh & tré em [5]. Do d6, hau hét cac qudc
nang tich Iy sinh hoc khien cho PCBs ¢6  gia d4 cim san xut va thuong mai hoa cac
thé phén tén khap noi bang cach luu  hop chit PCB ké tir nhitng nam 1970 [1].
chuyén trong nudc va gio, va lang dong & Theo cong wéc Stockholm, tong ham
cac dicu kién dia ly khac nhau [2], [3]. luong PCB trong cac loai chit thai can
Cac hop chat PCB c6 thé gay ra mot loat dudi mirc 50 mg/kg [1].
cac tac dong dén strc khde, bao gom céc
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Pé xir Iy PCBs, mot s6 phuong phap da
dugc ap dung nhu phuong phap hoéa hoc,
vat 1y va sinh hoc [6]. Trong do, chiéu xa
chum dién t¢ duwgc xem 1a mot ki thuat
tiém ning trong nhom phuong phap vat 1y
do hiéu qua cao, tdc do nhanh, it hoic
khong can ding dén hoa chat bd sung va it
tac dong dén méi truong chira PCBs [7].
Céc vu diém nay 13 co so dé lya chon ky
thuat chiéu xa chum dién tir xtr 1y cac chat
PCB trong dau bién thé, tai sir dung dau
gbc cho cac muc dich khac nhau.

Trong khoang thoi gian tr 1940 — 1985,
Viét Nam di nhap khdu céc thiét bi dién
ding dau cach dién chira PCBs, chi yéu la
may bién thé va ty dién. Udc tinh c6
khoang 27 dén 30 nghin tin dau cach dién
chtra PCB dang con ton tai [8]; néu thu hoi
dugc dau gdc tir luong dau cach dién nay
s& mang lai gia tri 1on vé kinh t& va moi
truong. Theo cong ude Stockholm ma Viét
Nam ky két vao 23.05.2001, nudc ta sé
loai bo cac thiét bi c6 chira PCBs trude
2028. Theo QCVN 07:2009/BTNMT,
PCBs dugc xép vao nhom chét thai nguy
hai, c6 ngudng x4 thai 5 mg/kg. Hién nay
& Viét Nam, duy nhét chi ¢ phuwong phap
d6t dugc cho phép 4p dung dé tiéu huy
dau cach dién chira PCBs. Tir thuc trang
trén, nghién ctru ndy budc dau thir nghiém
ap dung phuong phap chiéu xa chum dién
tir dé khir chlor cta cac hop chit PCBs
trong dau bién thé da qua st dung, hudéng
dén muc tiéu tai sir dung 1am dau dét.

2. THUC NGHIEM
2.1. Nguyén liéu, hoa chit va thiét bi

Dau bién thé d qua sir dung duoc cung cép
boi Nha méay cap nuéc Thu Puc (TP.
HCM) véi cac tinh chat chua dugc xac
dinh. Tét ca cac chuin gbc PCB riéng 1¢ c6
nong do 500 mg/L (trong iso octan) duoc
mua tir cong ty CPAChem (Bulgaria). Cac
mau chuin duoc pha tir cac chuan gdc bang
1so octan (Merck, Dtc).
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Nong d6 clia cac PCB trong mau dugc xac
dinh bang phuong phap phan tich sic ky
khi (model 7890A, Agilent-US), st dung
dau do ECD (electron capture detector).
Cot mao quan dai 30 m, duong kinh trong
0,25 mm dugc phu 16p silica day 1 pm
phia bén trong dé 1am pha tinh. Thao tac
phan tich dugc thyc hién theo tiéu chuin
EPA Victoria Method Number 6013, st
dung H, lam khi mang. Nhiét do budng
tiém mau va dau do duogc giit ¢b dinh &
210 va 300 °C, twong rng. Nhiét do cta 10
duoc gitr & 90 °C trong 2 phut, sau do6 tang
lén 300 °C véi toc d6 15 °C/phut va luu &
300 °C trong 4 phut.

2.2. Chiéu xa

Cac lo thuy tinh c6 duong kinh trong 16,2
mm chtra khdi dau bién thé cao 5 cm duge
dua vao budng chiéu cua may gia toc
UERL-10-15S2 bing mot bang tai. May
gia tbc phat ra chum dién tir 10 MeV voi
cong suat phat 15 kW. Sau mdi lan di qua
buong chiéu xa, mau dugc chiéu véi mot
heu xa tuong ung 25 kGy. bé tang lidu xa,
mau duoc tuan hoan tré lai budng chiéu.
Miu duoc giit ¢ diéu kién phong (25 — 28
°C) trude khi dugc chiéu lan tiép theo dé
tranh 1am ting nhiét d6 cho mau. O mbi
diéu kién, cac thir nghiém duoc tién hanh
lap 3 lan.

Téng ndng d6 chlor cua cac PCB duoc
tinh theo cong thuc (1).

1)

Trong d6, C; 14 tong ndéng dd cua nguyén
tir chlor cua cac PCB (mmol/L), p 14 khéi
luong riéng cua dau bién thé (0,895 kg/L),
X 1a nong do cua PCB thir i (mg/kg), pi 1a
$b nguyén tir chlor trong PCB thtr i, va M;
1a phan tir khdi cua PCB thir i (g/mol).

Hiéu qua khtr chlor dugc tinh theo cong
thue (2).
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Trong do, Cp va Co tuong ung thé hién
tong nong d¢ chlor cua cac PCB trong
mau sau khi dugc chiéu v6i mét li€u xa D
va trong mau ban dau.

3. KET QUA VA BAN LUAN

3.1. Xac dinh cac PCB trong diu bién
the da qua sir dung

Hinh 1 thé hién phé GC cta mau dau da
qua su dung (khong pha loang). So vdi
mau chuan, cac PCB dugc dinh danh dua
trén thoi gian luu (R.T.) twong tmg dugc
thé hién trong Bang 1. Nhin chung, thoi
gian luu cua PCBs trong h¢ thong rura giai
cua GC tang dan theo so nguyén tir chlor
trong phan tir biphenyl [9].
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Bang 1 cho thdy vi tri cta cac chlor trén
cAu trac biphenyl ciing anh hudng dén thoi
gian lyu. Cu thé, thoi gian luu cia PCB
tang 1én khi tang s chlor & vi tri ortho <
meta < para.

Thoi gian luu cia cac PCB phu thudc vao
tinh phan cuc ctua ching. Do cdt GC duoc
str dung 13 cot mao quan c6 phua 16p chiét
pha ran silica, thuan loi hon cho viéc chiét
tach PCBs c6 do phan cuc thap hon. Trong
khi do, d6 phan cuc cua PCBs tuin theo
nguyén tic: PCBs cang c6 nhiéu chlor thi
cang kém phan cyc; d0 phan cuc cua
PCBs c¢6 vi tri chlor ¢ ortho < meta < para
[10]. Ngoai ra, Plomley va cong su [11]
cling da chi ra rang sy rua giai gitra cac
ddng phan PCB phu thudc vio cau trac
phan tir cua ching, dic bi¢t l1a sb luong
nguyén tir chlor ton tai & vi tri ortho.
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Hinh 1. Phé GC ciia mdu dau bién thé di qua sir dung

Trong cung mot nhom PCB (cac PCB c6
cung sd chlor trong phan tir), két qua tir
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Két qua phan tich GC cho thiy réng‘cu(‘)’ng
do tin hi€u cua PCB 18, 20 va 118 lan luot
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vuot cuong do tin hi¢u cia mau chuén 1a
1,16, 4,62 va 5,65 lan. Trong ving ndng
d6 duong chuan duoc thiét lap (1 - 200
mg/L), mau cin duoc pha loing dé dinh
luong cho céc PCB ¢6 tin hiéu vugt chuan
nay (néu can). DPbi véi PCB 28 va 170,
cudng do tin hiéu nhé hon 1% so véi mau
chuan (twong mg nho hon gidi han phat
hién cua phép do) va dugc xem la khong
ton tai trong mau. Két qua phan tich ham
lwong cac PCB trong mau dau ban dau va
mau sau khi dugc chiéu xa di duge cong
b6 trong nghién ctru trude ddy cua ching
toi [12].

3.2. Hiéu qua khi chlor ciia cac PCB

Bdng 1. Thoi gian luwu va cdu tric ciia cdc PCB

Nhém PCB  pcB RT- $6 Cl & cac vi tri
(s) ortho meta para
18 8,693 2 1 0
Trichloro- 20 9,477 1 2 0
(3-Cl) 31 9,559 1 1 1
28 9,559 1 0 2
Tetrachloro- 52 9,893 2 2 0
(4-Cl) 44 10,164 2 2 0
Pentachloro- 101 11,073 2 2 L
(5-Cl) 105 11,796 1 2 2
118 11,978 1 2 2
Hexachloro- 153 12,122 2 2 2
(6-Cl) 149 12,315 3 2 1
138 12,547 2 2 2
Heptachloro- 180 13,350 2 3 2
(7-Cl) 170 13,760 2 3 2
Octachloro-
(8-Cl) 194 14,498 2 4 2

Hiéu qua khtr chlor cua cac PCB dugc biét
dén 1a kha nang cat dut lién két CECI trong
cac PCB, hinh thanh ion CI°. Nhu dugc
thé hién trong Bang 1, mau dau bién thé
chira nhidu dong phan PCB nén trong
nghién ctru nay, tong ndng do nguyén tir
chlor cua tit ca cac PCB dugc dung dé
danh gia hi¢u qua.

Pugc thé hién trén Hinh 2, tong nong do
chlor ctia cac PCB giam cham khi tang
lidu xa dén 75 kGy nhung sau do giam
manh. Két qua nay dan den hiéu qua khu
chlor dat 24,63% khi miu dugc chiéu voi
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mét lidu xa 75 kGy, va tang manh lén
83,48% tung véi licu xa 100 kGy. Xu
huéng tuong ty cling dugc quan sat boi
Tajima va cong su khi khir chlor trong dau
bién thé bang chum gamma [13]. Sau khi
chiéu mot lidu xa 150 kGy, qua trinh khir
chlor dat hiéu qua 94,61%. Két qua nay
chtirng minh tinh kha thi cia phuong phap
chiéu xa chum dién tr dé khu chlor cua
cac PCB trong dau may bién thé.
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Hinh 2. Hiéu qua khit clo ciia cac PCB

3.3. Dong hoc qua trinh khir chlor cia
cac dong dang PCB

Pong hoc khir chlor cia PCBs trong nén
dau bién thé rat khé xac dinh chinh xéac do
tac dong cua thanh phan dau gdc [13]. Van
dé nay cang trd nén khé khin hon khi
nghién ciru trén mau dau bién thé di qua
su dung do su phuc tap kho xac dinh vé
céc tinh chat hoa 1y cia mau. Do d6, phan
nghién ctru dong hoc nay xét cho céc
nhom (déng dang) PCB ma khong xét
riéng cho tung PCB. Nhu dugc bao cao
truge déy [12], nhom PCB ¢6 7 va 8 chlor
trong phan tir c6 ndng do6 thap va phan huy
gan nhu hoan toan véi liéu xa 25 kGy. Do
do, chung t61 khong phan tich dong hoc
cho hai nhém PCB nay. Cac mo hinh dong
hoc phé bién cho mot phéan trng hoa hoc da
dugc hodi quy véi sd liéu thue nghiém, thu
duoc két qua thé hién trong Bang 2. Nong
do chlor cua cac nhém PCB tinh tir s6 li¢u
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thuc nghiém duoc thé hién boi cac diém
roi rac trén Hinh 3.

Danh gia dua trén R? duoc thé hién trong
Bang 2, két qua hdi quy cho thiy ring qua
trinh khir chlor cia cac nhom PCB tuin
theo cac mo hinh dong hoc khac nhau. Cu
thé, nhom PCB 6-Cl tuan theo md hinh
dong hoc phan ung bac nhat, nhém PCB
5-Cl tuan theo mo hinh dong hoc phan ing
ndi tiép. Hai md hinh ndy mé ta dong hoc
cho mét phan ung dong thé. Didu nay co
nghia 1& dong hoc ciia qué trinh chiéu xa
chim dién tir cho PCB 6-Cl va 5-Cl ¢6 thé
dugc giai thich dua theo Iy thuyét va cham
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[14]. Nhu dugc bdo cdo trudc day, cac
PCB cang c6 nhiéu chlor cang dé duoc
khir bang phuong phap chiéu xa [15-18].
Theo do, khi cac phan trt PCB 6-Cl va 5-
Cl hip thu electron, lién két C&CI trong
chung bi cat dut truc tiép [17]. Diéu nay
dan dén PCB 6-Cl giam nhanh theo lidu xa
(Hinh 3a). D6i v6i nhom PCB 5-Cl, hing
s6 tde d6 tao thanh k; (tir nhom PCB 6-Cl)
va phan huy k. gan bang nhau, 1am cho
noéng d6 PCB 5-Cl ting trong giai doan
dau va giam nhanh trong giai doan sau cta
qua trinh chiéu xa (Hinh 3b).

b)
04 |
S
5
£ 03
2
2
=3
< 02 ¢
o
S
=
[&)
8
s 01 |
O 1 B 2
0 50 100 150
Liéu xa, kGy
d)
=
=
£
£
B
2
o
£
2
k=]
<
?
©
O 1 1 J
0 50 100 150

Liéu xa, kGy

Hinh 3. Bién doi tong nong do clo cia nhém PCB a) 6-Cl, b) 5-Cl, c) 4-Cl, d) 3-CI (Két qua thie nghiém
duoc tinh tir [12]: cac diém roi rac, ket qua hoi quy twong thich nhat: cac dwong lién tuc)
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Bang 2. Cac héng $6 dong hoc dwoc xac dinh

s . Théng s6 Nhém PCB
Mo hinh  Phuong trinh dong hoc 6-Cl 5.Cl 4-Cl 3Cl
s o~ kD ki, 1/KGy 45x107  2,0x107%  9,4x10™ 6,9x107°
Bacnhat € =Cee R? 0990 0729  -0005 0578
C, ko, L/mmol/kGy 0,44 0,14 6,8x10°%  2,7x107
N _ ;
Bic hai 1+C,k,D R 0944 0615 0,005 0497
A, mmol/L 39,67 36,23 12,80 0,42
Phan ung C=Ce™Py A<e-k,o _e—ch) ki, L/kGy 45x102  9,29x102 2,35x1072 6,9x107
nbi tiép 0 ke, 1/kGy 45x102  9,59x107% 2,44x1072 6,9x107°
R 0,990 0,999 0,620 0,578
C 1 q, [] 4,12 31,99 45,19 14,05
Tu xuc tac C_ = 1_1TkaD ka, 1/kGy 0,18 0,67 0,45 0,15
0 +e R 0,998 0,984 0,262 0,992

kl‘, Ko, K, Ks, ka‘l?m luqt,biéu thi hang sb toc do phan tng béc nhét, bac hai‘, tao thanh, phén huy va ty xtc tac, Co thé hién
nong do ban dau cua cau tir (mmol/L), D 1a lieu xa (kGy), A va q la cac hang so.

Véi 3 nguyén tir chlor trong phan tu,
nhém PCB 3-Cl tr¢ nén kho phan huy
hon. Lién két C&CI khong thé bi bé gay
truc tiép dudi tic dong cua chum electron.
Két qua hdi quy (Bang 2) cho thdy nhém
PCB 3-Cl da bi khir theo m6 hinh tu xuc
tac; trong d6, san pham tir qua trinh khir
chlor ctia PCB 3-Cl gbp phan thuc diy tbc
d6 phan huy chinh n6 [19]. Véi liéu xa <
75 kGy, PCB 3-CI giam cham; nhung khi
tang lidu xa, cac thanh phan hoat ddong
trung gian du nhiéu dé xuc tién qua trinh
[20], 1am cho PCB 3-Cl giam nhanh (Hinh
3d). Pbi vai PCB ¢o tir 4 chlor tré xudng,
qua trinh khir chlor theo co ché gbc tu do
da dugc chung minh trong cic bdo cdo
trugec day [21], [22]. Ban chéat kho khir
chlor cuia cac PCB chua it chlor da thuc
day cac nha nghién ctru bd sung tac chat
tao géc hoat dong, nham tang tde qua trinh
ngay tir ban dau [23], [24]. Tuy nhién, viéc
nay cling tao nén thach thirc cho viéc loai
b6 cac san pham phuy khi dit ra muc tiéu
tai st dung dau sau xu 1y.

D6i v6i nhom PCB 4-Cl, sy twong thich
gitra s6 liéu thuc nghiém va cadc md hinh
dong hoc duoc chon 1a kém nhat (Hinh
3c). bong hoc qua trinh khur chlor cua
PCB 4-Cl dugc xem la trang thai chuyén
tiép gitta dong hoc phan tmg dong thé va
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phan @mg tu xuc tic. Lam sang t6 co ché
va dong hoc cta qua trinh khir chlor cho
nhom PCB 4-Cl 1a mét thach thic 16n va
s& dugc quan tdm trong nghién ciu tiép
theo.

4. KET LUAN

Phan tich miu dau bién thé di qua st dung
cho théy su hién dién cua 13 hop chét
PCB, bao gém cic dong dang tir tri- dén
octa-chlorobiphenyls. Dé loai bo cac hop
chat doc hai nay, ky thuat chiéu xa bang
chum dién tir d3 dugc 4p dung. Két qua
cho thiy hiéu qua khu chlor cia PCBs gia
tang theo lidu xa, voi su cai thién ro rét khi
lidu xa tang tir 75 kGy 1én 100 kGy & muc
do khut chlor tang tor 24,63% 1én tdi
83,48%.

Dé mo ta quéa trinh phan huy cac nhom
PCB c6 s6 nguyén tir chlor khac nhau, cac
md hinh dong hoc da dugc 4p dung va hoi
quy vo&i dit liéu thuc nghiém. Két qua phan
tich dong hoc cho thdy: nhém PCB 6-Cl
tuan theo dong hoc bac nhat; nhém PCB
5-Cl theo mo hinh phan ng ndi tiép; va
nhom PCB 3-Cl phu hgp véi md hinh ty
xuc tac. Riéng nhom PCB 4-Cl chua phu
hop hoan toan véi cac mo hinh hién co,
cho thiy can c6 nghién ctru thém dé phat
trién mo hinh thich hop hon.
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Su thay d6i mo hinh dong hoc giita cac
nhém PCB cho thiy co ché phan tng khir
chlor khong cb dinh ma c6 xu hudng
chuyén tiép trong qua trinh chiéu xa, phan
anh tinh chit phirc tap va phu thudc cau
tric cua cic hop chiat PCB trong moi
truong dau. Phat hién nay dat nén tang cho
nghién ctru sdu hon vé co ché phan huy
PCB béng chiéu xa chum dién tu.

Loi cam on: Nghién ciru dugc ho trg kinh
phi tr B6 Khoa hoc va Cong nghé qua dé
tai ma sO PTDLCN.69/22.
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