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Tém tit: Pentachlorobenzene (PeCB) dugc hinh thanh chii yéu tir qué trinh ddt chdy khong hoan
toan. Trong bai bdo nay, ndong d6 PeCB trong tro va xi thai ciia mot s6 10 ddt rac thai sinh hoat va
16 @6t cua céc hoat dong cong nghiép tai bon tinh thudc phia Bic Viét Nam (Hai Dwong, Ha Noi,
Béc Ninh va Théi Nguyén) da dugc khao sit so bo. Nong do trong cdc 1o dbt trong khoang 1,3 -
32,5 ng g ddi véi tro thai va 1,6 - 39,0 ng g~ ddi véi xi thai. Hé s6 phét thai ciia miu tro thai
trong khoang 0,08 - 124 pg/tan va xi thai thai tir 0,1 - 156 pg/tan. Hé s§ phat thai trung binh ciia
tro thai (54,6 pug/tan) 16n hon hé sé phat trung binh ctia xi thai (29,4 pug/tan). Ngoai ra, céc 1o dbt
réc thai c6 hé s phat thai PeCB 16n hon céc 10 ddt cong nghiép trung binh khoang 40 1an ddi véi

tro thai va khoang 50 lan ddi voi xi thai.

Tur khod: Pentaclobenzen, tro thai, xi thai, hé ) phét thai, Bic Viét Nam.

1. Gi6i thi¢u

Céc hop chat 6 nhidm hitu co bén viing phat
sinh khong chu dinh (U-POPs - Unintentional
Persistent Organic Pollutants) vadi cic déc diém
vé d6 doc cao, bén viing va tich liiy sinh hoc
thong qua chudi thirc 4n 1a rdt nguy hiém cho
stc khoe con ngudi va mdi truong. Khi U-POPs
phat thai vao mdi truong, ching s€ dugc phin
b6 & mirc d toan cau boi “hiéu g cao cao”
(grasshopper effect) va “hiéu ung cat phan
doan” (fractionation) trong qua trinh “van
chuyén khéng khi tam xa” (long-range
atmospheric transport) [1, 2]. Gidm muc do
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phoi nhiém U-POPs dén muic d6 thip nhit vao
mdi treong 1a mot myc tiéu quan trong cho bao
vé moi truong ciing nhu ddi v6i sy phat trién
bén vitng. U-POPs rat khé dé pha huy b?ing cic
tdc nhén héa, sinh va quang hoc dudi diéu kién
mdi truong vi sy 6n dinh va bén viing cao cua
chiing [3], vi vy kiém sodt va quy dinh sy phat
thai cia U-POPs tir cdc ngudn 13 mot trong
nhitng phuong phép hiéu qua nhat dé bao vé
mdi truong cling nhu con nguoi [4-6]. V&i muc
tiéu trén, nhing k¥ thuat tot nhat hién c6 (BAT)
va xic tién kinh nghiém mdi trudong tdt nhat
(BEP) da dugc ung dung dé danh gid ham
lugng U-POPs tur céc ngudn phét thai va phét
trién kha nang kiém ké U-POPs. Va két qua 1a,
rat nhiéu ngudn gy ra sy phat thai U-POPs da
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dugc nhan dién va dinh luong [7] ciing nhu
nhiéu théng sé anh huéng dén sy hinh thanh
U-POPs da dugc khao sit trong nhiéu nghién
ctu [8-11].

Viét Nam 12 mot qudc gia dang trong qué
trinh cong nghiép héa do d6 da va dang hinh
thanh rit nhiéu ngudn cé nguy co phét thai
U-POPs cao. Vi vay trong bai bdo nay, loai hgp
chat U-POPs c6 nguy co phat thai tir cdc hoat
d6ng cong nghiép s& dugc nghién ciu dé ddnh
gid ham lugng la Pentaclobenzen (PeCB).
Nhiéu nghién ctru da chi ra raing PeCB duoc
hinh thanh chu yéu trong cdc qud trinh nhiét
[12, 13], vi vdy, PeCB duoc phat thai chii yéu
vao trong moi truong théng qua chit thai cta 1o
d6t cong nghiép (tro thai, xi thai va bui) va qud
trinh d6t chat thai d6 thi. Ngoai ra PeCB ciing
dugc hinh thanh thong qua dong thai trong qua
trinh san xuét bot gidy, san xuat bot sit va thép,
phu gia diu mo va bun hoat tinh cta thiét bi xu
1y nuée thai. Theo thng ké, trén thé gioi ¢ 3
ngudn chinh phét thai PeCB vao méi trudng la:
qud trinh dt chdy sinh khdi (45.000 kg nam™),
chat thai ran (31.600 kg nam™") va than (11.000
kg nam™') [12]. Ham lugng phat thai PeCB
trong qud trinh d6t chay phu thudc rt nhidu vao
céc diéu kién dbt chay va sy c6 mat hay khong
cua cdc vat liéu xic tac. Vi du, téng ham lugng
céc hop chét clobenzen (c6 chita PeCB) trong
16p héa 1ong ciia céc 10 dbt thai rin cao hon 20
lan trong sy tich tu kim loai trong cat [14].
Theo danh gid thuong nién cua B tai nguyén
mdi trudong va suc khoe Canada, sy phat thai
PeCB c6 ngudn gbc tir cdc 10 ddt rac thai trén
thé giéi vao khoang 24 - 70 kg [15-17]. O Viét
Nam, hau hét cdc 10 ddt c6 nhiét do tdi da trong
khoang tir 600°C dén 1.200°C va c6 hé théng
thu khi. Tuy nhién, PeCB van dugc chira trong
cic san pham thai nhu tro va xi thai sau quéi
trinh d6t, didu nay c6 thé dugc giai thich tir
nguyén nhan la do sy hinh thanh khoéng chu
dich tir qué trinh d6t chdy. Khdi lugng trung
binh ctia chat thai dwoc ddt trong mdi 10 khoang
1.500 kg gio™", va khéi lugng trung binh cia tro
va xi thai khoang 2.000 kg ngay ' va 3.000 kg
ngay ' [18].

Véi tbe d6 phat trién cong nghiép nhu hién
nay ¢ Viét Nam, nguy co phdt thai PeCB vdi
nong d6 cao vao mdi truong tir qua trinh dot
chdy cua cédc 1o ddt cong nghiép 1a c6 thé xay
ra. Tuy nhién, hién nay chua c6 nhidu nghién
ctru nao danh gid vé su phat thai nay ciia PeCB.
Do d6, bai bdo nay budc dau nghién ctru su
phat thai ctia PeCB trong qud trinh ddt chdy cua
mot s6 10 dbt trong khu vuc phia Bic Viét Nam.

2. Thue nghiém
2.1. Thu thdp mdu

Trong nghién ciru niy cic mau tro thai va xi
thai dugc thu thap trong thdi gian tir 2014 dén
2016 tai nam 10 d6t rac thai sinh hoat & cédc tinh
Bic Ninh (céng ty Mbi truong xanh Hing
Hung (BN)), Hai Duong (cong ty Moi truong
xanh co s& 1 (HD1), co so 2 (HD2), cong ty co
phan Seraphine (HD3)), Ha Noi (1o dbt rc thai
sinh hoat Nam Son (HN)) Va ba 10 d6t cdng
nghiép tai Thai Nguyén bao gom 16 Iuyén kim
sat (Cong ty co phan hgp kim sat Trung Viét
(TN1)), 1o luyen kém (nha miy luyen k&m
(TN2)), 1o dbt xi ming (cong ty cd phan xi
mang Quan Triéu (TN3)). Tro thai dwogc thu
thap tur tdi loc bui cia cic 10 dbt. Xi thai dugc
thu thap tir ddy cia 10 d6t. Khdi lugng mau tro
v xi thai thu thap tir mdi 1 ddt 1a 100-200 g.

2.2. Héa chat

Chét chuan Pentaclobenzen (AccuStandard,
M$) ndéng d6 50 pg/ml duge bao quan & nhiét
d6 <5 °C va tranh anh sang. Cic dung moi tinh
khiét diing cho phén tich ctia hang Merck, Duc:
n-hecxan, diclometan, axeton. Cac hoa chit lam
sach mau: silica gel (Merck, Dtc) c6 kich thude
hat 70+230 mesh (63-200 um), kich thudc 16
rong 60 A, dién tich b& mdt 500 m%g. Than
hoat tinh (Merck, Puc), bot déng (Merck, Btrc).

2.3. Quy trinh phan tich
10 g mau tro thai hodc xi thai dugc st dung

cho phan tich. Quy trinh phan tich dugc thuc
hién theo US EPA method 8121. Mau dugc
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chiét Soxhlet v6i 450 mL hén hop dung moi
n-hecxan va axeton (ti 1€ 1: 1 vé thé tich) trong
16 gid. Dung dich sau khi chiét duoc c6 vé 1
mL dé lam sach bang acid sulfuric, bt dong,
silica gel chtra 10 % than hoat tinh.

PeCB duoc dinh lugng bang sic ky khi
ghép ndi detecto cong két dién tir (GC-ECD).
Cidc diéu kién chi tiét cia GC-ECD la nhu sau:
Model: Shimadzu GC ECD 2010; cd6t mao
quan: SPB-608™ (chiéu dai x duong kinh x
chiéu day pha tinh: 30 m x 0,25 mm x 0,25
um); chuong trinh nhiét d6: nhiét d6 ban dau
ctia cot 150 °C (déng nhiét trong 5 phit) ting
dén 290 °C (dang nhiét trong 8 phit), téc do
tang nhiét trong chuong trinh nay 1a 8 °C /min;
nhiét do detecto: 300 °C. Hiéu suit thu hoi
trong qué trinh phén tich PeCB ddi véi tro thai
va xi thai 1an luot 81,5 %, va 90 %.

2.4. Hé 56 phdt thai

H¢ sb phét thai ciia mot hop chat 6 nhiém
trong mot qué trinh hoat dong cong nghiép vao
moi truong 12 ti s& gitra khdi lwong chit 6
nhiém d6 duoc tao thanh va khdi lugng nguyén
li¢u dau vao cta qud trinh hoat dong hodc khoi
Iwong san pham dugc tao thanh.

Do d6, hé $6 phat thai cua PeCB dugc hinh
thanh tir qua trinh dot chdy cta cac hoat dong
cdng nghiép trong nghién clru nay cé the dugc
tinh theo cdng thic sau:

Cpeck % My )
fp=—(1
mnguyén ligu

Trong d6, F — hé s6 phat thai cia PeCB tu
qua trinh d6t chdy, Cpecp — nong do PeCB trong
mau tro hoac xi thai, my;; — khéi luong tro hoac
xi thai hinh thanh trong qu4 trinh dét, Mhguyen licu
— khéi luong nguyén liéu dugc dem ddt.

3. Két qua va thao luan

3.1. Nong do PeCB trong mdu tro thdi va xi
thai tai mot so lo dot o mot so tinh thudoc mién
Bac Viét Nam

Két qua cua tit ca cdc mau thu thap tir céc
16 d6t da dwoc phan tich va trinh bay trong bang
1. Nong d6 PeCB trong khoang tir 1,3 ng g
dén 32,5 ng g cho cdc mau tro thai va tir 1,6
ng g dén 39,0 ng g cho cdc mau xi thai.

Bang 1 cho thdy, ndng do PeCB trong tro
thai cao nhat tai Ha Noi (32,5 ng g™') va thap
nhét tai diém TN3 cua Thai Nguyén (1,3 ng g
) Déi véi tro thai trong cdc 10 d6t cong nghiép,
ndéng d6 PeCB thép, nam trong khoang tir 1,3
ng g' dén 6,2 ng g', trong khi d6 nong do
PeCB trong céc 1o dot rac thai sinh hoat cao tir
7,0 ng g dén 32,5 ng g . Nong d6 PeCB trong
tro thai cua cic 10 dét cong nghiép thip hon
nong do tro thai tur 2 10 tai ché cic manh vun
kim loai thai & Trung Quéc (ndng d6 1a: 10,7 ng
g™ va 50,9 ng g"), nhung ndng do PeCB trong
cdc 10 dbt rac thai sinh hoat da khao st thi
tuong dwong vé ndng do véi cdc 1o trén [13].
Déi v6i xi thai, ndng d6 PeCB cao nhit tai diém
HD2 cta Hai Duong (39,0 ng g™') va thap nhat
tai 2 diém TNI va TN2 ciia Thai Nguyén (1,6
ng g'). Tuong tu, khoang ndng do PeCB trong
xi thai ciia cdc 10 ddt cong nghiép 1a thap (tir 1,6
ng g dén 1,7 ng g), trong khi nong d6 PeCB
cua cac 16 @bt ric thal sinh hoat 1a cao (tr 1,6
ng g dén 39,0 ng g™). Toan bd cédc vat duoc
sir dung dé dot trong céc 10 dot da khao sat déu
khong chira PeCB, vi vdy PeCB duogc tao thanh
ca trong tro va xi thai c6 thé dugc giai thich boi
2 nguyén nhan chinh: diéu kién dot chdy va sy
c6 mit hay khong céc xiic tic vo co (dong, luu
huynh ...) trong vét lidu d6t [9-11, 19-21].

3.2. Ddnh gid so bo 16ng nong do PeCB trong
mau tro thdi va xz thal tai mot s6 1o dot & mot
6 tinh thuodc mién Bdc Viét Nam trong khu vuc
nghién ciru

Nong d6 PeCB duoc tao thanh & cdc 1o dot
¢ tinh Hai Duong, Ha Ndi, Béc Ninh va Thai
Nguyén di duogc nghién ciru so bd vao dau nim
2015. Néng d0 PeCB tao ra tai mdi tinh dugc
tinh toan dua trén téng néng d0 PeCB duoc tao
thanh tir mdi 16 d6t duoc khao sat tai tinh do.

Hinh 1 va bang 1 cho thiy ndng d6 PeCB
trong tro thai trong khoang tir 7,0 ng g™ dén
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32,3 ng g va trong xi thai tir 1,6 ng g dén
24,0 ng g'. Nong d6 PeCB cao nhit 1 32,3 ng
g' cho tro thai & Ha Noi va 24,0 ng g ™' xi thai &
Béc Ninh. Nguogc lai, ndng d PeCB trong tro
va xi thai thip nhit & Hai Duong (7,0 ng g)
va Ha Noi (1,6 ng g7).
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Hinh 1. Tong ndng d6 PeCB tir cic 1o d6t chat thai
va 10 dot cong nghiép tai mot so tinh thudc mién bac
Viét Nam (nghién cttu nam 2015) (ng g'l).

3.3. Pdnh gid so bj tong nong do PeCB trong
mau tro thdi va xi thdi tai mot $6 1o dot ¢ tinh
Hdai Duong trong khodng thoi gian tir nam 2014
dén 2016

Piénh gid so bo ndng do6 PeCB trong céc 10
dbt rdc thai sinh hoat ¢ tinh Hai Duong trong
giai doan tr nam 2014 dén 2016 da duoc
khao sat.
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Hinh 2. Téng ndng d6 PeCB dugc tao thanh tir cdc
16 d6t tai tinh Hai Dwong (ng g™).

Tuong tu nhu cich tinh tong nong do PeCB
trong cdc tinh khic nhau & mién Béc Viét Nam,
PeCB trong tro hodc xi thai & Hai Duong trong
1 nam dugc tinh bang téng nong do PeCB trong

tro hogc xi thai & tat ca cdc 10 dét rdc thai sinh
hoat & Hai Duong trong nam do.

Sy thay d6i ndng d6 PeCB giita cdc nim
dugc trinh bay trong hinh 2. Téng ndng do
PeCB trong tro thai dao dong trong khodng tur
7,0 ng g dén 47,0 ng g™ cho tro thai va tir 4,6
ng g dén 39,0 ng g cho xi thai.

Theo két qua ciia nghién ctru nay, ndng do
PeCB cao nhit vao nam 2015 (47,0 ng g™') dbi
v6i tro thai va nam 2014 (39,0 ng g ') ddi vai xi
thai. Nguoc lai, ndng do PeCB thap nhit vao
nam 2016 dbi vai tro thai (7,0 ng g) va xi thai
(4,6nggh).

3.4. Moi lién hé giita nong d¢ PeCB trong tro
thai va xi thdi cua cdc lo dot

Két qua trong bang 1 da chi ra rang, nong
do PeCB cua tro thai va xi thai thay d6i dbi 1ap
nhau trong mdi 10 dot. Nong d6 PeCB trong tro
thai cang cao thi ndng d6 PeCB trong xi thai
cang thap va nguoc lai. Su thay ddi nay la
tuong ty nhu sy bién d6i gitta PCDDs/Fs va
PCBs dugc tim thiy trong tro bay va xi thai tai
9 10 ddt rdc thai sinh hoat & Nhat Ban [22].
Didu nay goi ¥ rang cdc diéu kién hoat dong
ctia 1o d6t (nhiét do, nong do oxy) va su c6 mat
hodc khong cua cic xtc tac kim loai trong vat
liéu d6t c6 thé giy ra sy ton tai trai ngugc vé
nong do PeCB (hay POPs) gitra tro hodc xi thai
[9-11, 19-21].

Cic két qua khao sét so bo vé PeCB da chi
ra rang, nong d6 PeCB trong tro va xi thai cua
cdc 10 dbt rac thai sinh hoat cao hon néng do
PeCB trong tro va xi thai ciia 10 dot cong
nghiép. PeCB trong cdc 10 d6t duge tao thanh
¢6 thé phu thudc vao cdc diéu kién dt chay va
cac vat liéu xuc tac. Bén canh do, két qua cho
théy c6 mdt su bién dbi tréi ngugc nhau vé
ndng d6 PeCB trong céc mau tro va xi thai cua
cling mot 10 dét.

3.5. Tinh todn hé s6 phdt thai PeCB hinh thanh
tw qud trinh dot chdy cua cdc lo dot

Dua vao cong thirc tinh todn (1) & muc 2.4,
hé so phat thai PeCB tir cidc qua trinh dot chdy
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cua cdc 10 dugc dua ra trong bang 2. Tir bang
3.17 cho thiy, hé sb phat thai dao dong rat 1on
gifta cdc loai 1o dt, mau tro thai trong khoang
0,08 ug/tin dén 124 pg/tan va xi thai tir 0,1
ug/tin dén 156 pg/tin. Hé sb phét thai trung
binh cua tro thai (54,6 pg/tan) 16n hon hé s6
phét thai trung binh cua xi thai (29,4 pg/tan)
Bén canh d6, céc 10 ddt rac thai c6 hé s6 phat
thai PeCB 16n hon cdc 10 d6t cong nghiép trung
binh khoang 40 1an dbi véi tro thai va khoang
50 1an d6i v6i xi thai. Do tinh chat nhe va min

hon xi thai rét nhiéu lan, nén khi tro thai dugc
phét tin vao khong khi s& giy ra sy 6 nhiém
trén dién rong hon nhiéu so véi xi thai, vi vay
hé s6 phat thai PeCB trong tro 16n hon trong xi
thai duoc xdc dinh tir nghién ciru nay cho thay
nguy co 6 nhiém PeCB trén mot khu vuc rong
1a rat cao. Do d6, can c6 nhitng nghién ctru sau
hon nita vé sy phit thai PeCB tir cdc loai 10 dot
tai céc tinh cua Viét Nam dé tr d6 dua ra cdc
bién phap quan 1y an toan cho su phdt thai cua
loai U-POPs nay.

Bang 1. Nong d6 PeCB trong mau tro thai va xi thai tai mot s6 10 d6t tai mot s6 tinh thudc mién Bic Viét Nam
(ng g trong lugng kho)

Viuflay o 2014 2015 2016
mau Trothdi Xithai  Trothai  Xi thai Trothai  Xi thai
HD1 Hai Duong <1 <1 16,0 27,3 <1 2,0
HD2 Hai Duong 27,0 39,0 31,0 2,50 <1 <1
HD3 Hai Duong <1 <1 <1 <1 7,0 2,6
HN Ha Noi - - 32,5 <1 32,3 1,6
BN Bic Ninh - - - - 22,5 24,0
TN1 Théi Nguyén - - - - 3,0 1,6
TN2 Théi Nguyén - - - - 6.2 1,6
TN3 Théi Nguyén - - - - 1,3 1,7
Nong d6 PeCB tai Hai Duong 27,0 39,0 47,0 29,8 7,0 4,6
Nong d PeCB tai Ha Noi - - - - 32,3 1,6
Nong d6 PeCB tai Bic Ninh - - - - 22,5 24,0
NongAdQ PeCB tai Thai _ _ _ _ 10,5 49
Nguyén
Béng 2. Hé s6 phit thai cia PeCB (ug/tan) tir cdc qué trinh dt chdy ctia céc 10 dot
P H¢ so6 phat thai (ug/tan)
VLI g 2014 2015 2016
Trothii  Xithii Trothii  Xithdi Trothdii  Xi thai
HDI Hai Duong - - 8 13,7 - 1,0
HD2 Hai Duong 432 156 124 10 - -
HD3 Hai Duong - - - - 21 7.8
HN Ha Noi - - 74,8 - 74,4 3,68
BN Béc Ninh - - - - 94,5 100
TN1 Théi Nguyén - - - - 0.9 0,48
TN2 Théi Nguyén - - - - 3,7 0,96
TN3 Thai Nguyén - - - - 0,08 0,10

4. Két luan

Két qua nghién ciru so bd cua bai béo nay
cho thiy su hinh thanh va nguy co 6 nhiém

PeCB c6 ngudn gdc tir cc 10 dbt cong nghiép 1a
hoan toan c6 thé xay ra. Do d6, can c6 nhiing
nghién ciru sdu hon nira vé su phét thai PeCB tir
cdc loai 10 ddt trén céc tinh cua Viét Nam dé tur
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do6 dua ra cic bién phdp quan 1y an toan cho sy
phét thai cua loai hop chat hitu co khé phéan huy
phat sinh khong chu dinh nay.

Loi cam on

Tap thé tac gia xin trin trong cam on Quy

Phit trién Khoa hoc va Cong nghé quoc gia
(Nafosted) da ho trg kinh phi cho nghién cuu
cua bai bdo nay.
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A Preliminary Evaluation of Pentaclorobenzene Emission
from some Municipal Waste Incinerators and Industrial Plants
in the Northern Vietnam

Nguyen Thi Hue', Céline Leynarie®, Nguyen Hoang Tung'

!Institute of Environmental Technology, Vietnam Academy of Science and Technology
ZUniversity of Toulouse I11

Abstract: Pentachlorobenzene (PeCB) is primarily formed from incomplete combustion processes
in various industrial sectors. In this study, PeCB concentrations in fly ash and bottom ash from some
municipal waste incinerators and industrial plants in four provinces in the northern Vietnam, including
Hai Duong, Hanoi, Bac Ninh and Thai Nguyen, were investigated. The PeCB residue concentrations
in fly ash and bottom ash of incinerators ranged from 1.3 to 32.5 ng/g and 1.6 to 39.0 ng/g,
respectively. The emission factors of PeCB were estimated to be 0.08 - 124 pg/ton for the fly ash and
0.1 - 156 pg/ton for the bottom ash samples. The average emission factor of the fly ash (54.6 pg/ton)
was higher than that of the bottom ash (29.4 pg/ton). The emission factors to fly ash and bottom ash
samples estimated for municipal waste incinerator were about 40 - 50 folds higher than those
estimated for industrial plants.

Keywords: Pentachlorobenzene, fly ash, bottom ash, emission factor, the Northern of Vietnam.



