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Tém tit:

Polybrominated dlphenyl ethers (PBDEs) la mjt trong nhung chit cham chay lam phu gia trong nhiéu san pham gia dung, trong
d6 c6 cac sian pham tr nhya. Nghién ctru xac dinh sy ton du ciia PBDEs trong cic san pham nhya gia dung la mgt yéu cau can
thiét dé kiém soat s anh hwéng cia ching dén sirc khoe con nguoi ciing nhw sy phat thai vao moi treong sau khi thai bo. Nghién
ctru nay dwoc thue hién nhim muc dich toi wu héa mét so diéu kién xir Iy miu nhya dé xac dinh PBDEs trong chit thii nhwa tir
san phﬁm gia dung. Két qua nghién ciru cung cz'lp glm han phat hién (IDL) va gi6éi han dinh lwgng (IQL) ciia thiét bi nam trong
Kkhoang 4,19 dén 28,4 ppb va 14,0 dén 94,8 ppb. Dong thoi, giéi han phat hién (MDL) va giéi han dinh lwong cia phwong phap
(MQL) thap nhét I3 2,20 va 7, 35 ng/g (BDE 99), cao nhit 13 24,1 va 80,3 ng/g (BDE 209), gia tri do thu hoi d6i v6i cac mau moi
truong thém chuin & cac ndng d9 khac nhau dao dong tir 89,1 dén 104,5%. Két qua nghlen ctru cho thiy, phwong phap chiét
soxhlet va chiét pha rin (SPE) két hop véi dinh lwgng trén thiét bi GC/MS c6 thé dp dung dé xac dinh ham lwgng PBDEs trong

mau nhura thai.

Tir khda: chat thai nhua, polybrominated diphenyl ethers, quy trinh phan tich.

Chi sé phan logi: 2.7

1. M6 dau

Nhya dugc ché tao dau tién trong cudc Cach mang cong
nghiép 4.0 thong qua mot giai thuong nhim tao ra nguyén vat lidu
méi thay thé cho céc cac nguyén liu truyén thong nhw gd, vai,
sung dong vat... Trong qua trmh phat trién, cac loai nha ra doi véi
nhitng uu diém ngay cang noi troi va co thé st dung trong rat nhiéu
loai san phim, tro thanh nguyén vét li¢u chinh trong nhiéu linh vyc
san xuat va doi séng. Tuy nhién, tir vat liéu dwgc phat trién nhu
1a mot giai phap v6 cung hiéu qua nhidm giam thiéu viéc sir dung
nguon tai nguyén thién nhién dang dan can kiét, nhya tong hop da
va dang tr¢ thanh mt ganh ndng moéi truong trén toan cau. Theo
béo cao ciia TO chirc Hop tac va Phat trién kinh t& (OECD), trong
nam 2021, thé gi61 da sir dung 460 tri¢u tAn nhua va thai ra khoang
353 triéu tAn réc thdi nhua, chi c6 9% réc thai nhya duoc ti ché,
19% dugc tiéu huy va gan 50% dugc chon lap [1].

La mot nudc dang phat trién va hoi nhap, cic san phim nhya
gia dung tién 101 cling dang dugc ua chudng tal Vigt Nam vi su
tién dung, ré tién va mau ma phong phu. Theo s6 liéu thong ké tir
Bo Tai nguyén va Moi truong (TN&MT), mdi nam ¢6 khoang 1,8
triéu tin rac thai nhya thai vao moi truong, trong d6 chi khoang

27% duoc tai ché [2]. Nhu vay, stc ép vé 0 nhiém réc thai nhya
dén moi truong di va dang 1a mot van dé 1on khong chi & Viét
Nam ma trén toan thé gi6i.

PBDEs la din xuit brom hoa ciia hydrocarbon mach vong
véi 209 df”)ng loai, duoc san xudt va si dung rong rai tr nhitng
nam 1970 trong cac nganh cong nghiép dién va dién tr, xay dung,
giao thong vén tai, dét, san xudt db gia dung dé lam chat chong
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chay cho polyme, dém, vai... Cic PBDEs co dic diém chung la
dé bay hoi nén chiing c6 thé phét tan tir ngudn phat thai (cac san
pham cong nghiép ¢6 chira PBDEs) ra méi truong tiép nhan (moi
truong khong khi, bui, dat, nude, tram tich, sinh vat). Ngoai ra, cac
PBDESs c6 thé phat thai ra méi truong ngay ca khi cac san pham
chira chung dang dugc su dung, ddc biét 1a trong cac hoat dong
thai bo, tai ché, tiéu hity céc san pham da hét thoi gian sir dung [3].

Thuyc té cic PBDEs da dugc chimg minh 1a ¢6 dnh huéng x4u
dén cac chirc ning ndi tiét trong co thé con ngudi va vat nudi
trong nha. Phoi nhidém PBDEs ¢6 lién quan t6i mot loat cac van
& vé sirc khoe nhu suy giam tri nhd, kha nang nhan thic, suy
giam hé théng mién dich va nghi ngd lién quan téi qua trinh bién
d6i gen, sinh san va ung thu [4]. Do céc tac dong c6 hai ciia nhiéu
déng loai PBDEs d6i v6i hé sinh thai va strc khoe con nguoi, ndm
2009 Cong ude Stockholm da dua mot $0 dE”)ng loai PBDES ¢6 s6
nguyén tir brom cao (bao gom cac nhom TetraBDEs, PentaBDESs,
HexaBDEs, HeptaBDEs v6i s6 nguyén tir brom tir 4 dén 7) vao
danh séch cac chit POPs bi cAm st dung. Viét Nam 1a nudc tham
gia ky két Cong udc nay tir rit sém va da ban hanh cac ké hoach
hanh dong dé thyc hién cac cam két cua Cong udc Stockholm.
Mot trong nhiing nhiém vy quan trong trong qua trinh thyc hién
Cong udc 1a can kiém ké, kiém soat va danh gia cc hop chat
POPs tir nguon thai dén méi truong. Tuy nhién, nghién ctru xéc
dinh cac hop chat POPs néi chung va PBDES noi riéng trong cac
thanh phan méi truong, nguyén - nhién liéu va san phim hang
héa thuong gip nhiéu kho khin do ham lwong nho, qué trinh xur
1y mAu phre tap, ddng thdi, co sé vét cht va trang thiét bi, nhan
luc con chua dﬁy du [5].
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Abstract:

Polybrominated diphenyl ethers (PBDEs) are one group of flame
retardants used as additives in many household products, includ-
ing plastic products. Determining the residues of PBDEs in house-
hold plastic products is required to control their effects on human
health and leach into the environment after disposal. This study
was conducted to optimise sample preparation conditions for ana-
lysing PBDEs in plastic waste from household products. The study
results are given that the instrument detection and quantification
limits (IDL and IQL) ranged from 4.19 to 28.4 ppb and 14.0 to 94.8
ppb, respectively. In addition, the method detection limit (MDL)
and method quantification limit (MQL) were the lowest at 2.20
and 7.35 ng/g (BDE 99) and the highest at 24.1 and 80.3 ng/g (BDE
209), respectively, while the recovery values for spiking samples at
different concentrations ranged from 89.1 to 104.5%. The results
of the method validation can confirm that the soxhlet extraction
and solid phase extraction (SPE) techniques combined with gas
chromatography mass spectrometry (GC/MS) equipment can be
applied to determine the PBDEs in plastic waste samples.

Keywords: analytical procedure, plastic waste, polybrominated
diphenyl ethers.

Classification number: 2.7

Nhitng nim gan ddy, nghién ctru vé PBDEs trong cac thanh phan
moi truong, dic biét trong moi trwong tram tich di duge cong b voi
nhig dit liéu vé ton lwru PBDEs ¢ kha nhiéu khu vyc ciia Viét Nam
va trén thé gidi. Tai Viét Nam, nhom nghién ctu ctia T.T. Tham va cs
(2019) [6] da cong bd ham luong cic PBDES trong tram tich mdt ven
bién mién Trung v&i ham luong tong PBDEs dao dong trong khoang
11,8+311 ng/g, trong trim tich tai lang nghé tai ché nhya Minh Khai
(Hung Yén) voi tong ham luong dao dong tir 6,03 dén 183 ng/g trong
lugng kho [7]. PBDEs trong bui trong nha tai cc nha may dét, san
xudt linh kién dién tir, san xuat hop gidy. .. voi ham luong trung binh 1
279 ng/g (dao dong 230+300 ng/g) [8]. Di voi ham luong cdc PBDEs
trong mau nhya, dd gia dung, dd choi tré em, mot vai cong bd quéc
té dd dua ra ham luong cta PBDES trong cic manh nhua va céc san
pham nhya [9]. Ham lugng PBDEs duoc tim thy trong cac mau nhya
dugc lay tai ving dat ngap nudc cia song Duong Tt (Trung Qudc) véi
ndng do cao nhét 1a 250,1 pg/g [9]. Ngoai ra, cac PBDEs ciing dugc
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phét hién trong 53% cua 111 mau thai nhya trong cic thiét bi dién va
dién tu ¢ Belarus [10]. Tai Viét Nam, do quy trinh phan tich PBDEs
trong cc mau nhya, mau nguyén vat liéu va sin pham hang héa chua
duoc tiéu chudn hoa hodc chua ¢6 hudng dan ky thudt nén chua c6 cac
56 liéu cong bo vé ham lugng PBDES trong céc ddi twong miu nay.

Chinh vi vy, nghién ctru nay dugc thyc hién nhim t6i vu hoa
quy trinh xir 1y mAu nhya dé xéc dinh PBDEs trong chat thai nhya
gia dung gop phan hinh thanh co s& khoa hoc va thuc tién cho viée
kiém soat va danh gia ham luong PBDEs trong cac san pham lam
tr vat liéu nhuya.

2. Viat liéu va phu'ong phap nghién ciiu
2.1. Hod chit va thiét bi

Héa chit chudn duoc sir dung trong nghién ctru nay 1a hdn hop
chuin PBDEs ciia Accustandard (M-16140CSM) gom 8 cau tir
BDE 28, BDE 47, BDE 100, BDE 99, BDE 154, BDE 153, BDE
183 va BDE 209 c6 nong do 20 ppm, riéng BDE 209 ¢6 ndng do
200 ppm. Tir dung dich chuan gdc, nhom nghién ctru da tién hanh
pha lodng 20 14n bang dung méi iso octan dé thu dugc dung dich
lam viéc. Céc hoa chat st dung trong qué trinh nghién ctru gom
dung mdi n - hexan, toluene, axeton, iso octan, silicagel, silicagel
axit, axit H,SO,, alumium... déu 1a nhimg hoa chét tinh khiét phan
tich cua Merck hodc Tay Ban Nha.

Thiét bi sic ky khi khdi pho sir dung dé phan tich dinh lrong
cac cAu tir PBDEs 13 GC/MS Agilent 7890A/5975C va cdt chuyén
dung dé xac dinh PBDE 1a Rtx - 1614, pha tinh poly (5% diphenyl,
95% dimethyl siloxan) kich thugc 15 m x 0,25 mm % 0,10 um.

2.2. Toi wu quy trinh xi¢ Iy miu

Dé xdy dung quy trinh xit Iy miu nhwa nham xéc dinh ham
lugng PBDEs, nhom nghién ciru da tién hanh tham khao céc tai
liéu dd cong bd, huéng din cia US EPA 1614, cong trinh di cong
b4 cia tac gia S.J. Chen va cs (2009) [10]. Mot s6 didu kién xu Iy
mau duge khao sat dé lua chon didu kién t6i wu cho qua trinh xu
1y mau nhu sau:

Khao sat thoi gian chiét: Tién hanh khao sat thoi gian chiét
méu véi dung moi chiét lwa chon 14 axeton:n-hexan (v:v, 1:1): Can
chinh xac khoang 1 g mau that (VLO03 - nhya vo may giat) vao éng
chira mau cta bo chiét Soxhlet. Thém 150 ml hdn hop dung méi
axeton:n-hexan va tién hanh chiét voi cac khoang thoi gian khac
nhau gdm: 8, 12 va 16 gio. Mau sau khi chiét xong, dich chiét dugc
¢6 quay chan khong vé khoang nho hon 5 ml. Cho tir tir khoang 100
ml dung méi n-hexan vio binh cau chira dich chiét dé polyme hoa
tan hoén,toén, loc dich chiét qua phéu co Chﬁ?. Na SO, V:‘a’o binh cau.
Mau chiét sau khi dugc ¢6 vé nho hon 5 ml lan hai thi tién hanh rira
miu bing axit H,S0, 98%, lam sach méu bing cdt silicagel da 16p.
Dung dich rtra gidi bang n-hexan s€ dugc c6 dudi dung moi bang
dong khi N, dén n~116 hon 0,5 ml (thay thé dung moi iso octan).
Chuyén toan by mau vao vial thém iso octan dén 0,5 ml. PBDEs
trong dich chiét cudi cing dwgc phan tich dinh luong trén thiét b
GC/MS véi céc diéu kién dinh lugng da dugc khdo sat va lya chon.



Khdo sat dung moi chiét: 2 hé dung moi lya chon dé khao sat
gdm hdn hop axeton: n-hexan (v:v, 1:1) va dung mdi toluen. Qua
trinh khao sat duge thyc hién v6i 2 mau nhwa 1a VLO1 (nhwa tir rd
ra) va VLO2 (nhua tir v tivi). Cac qua trinh chiét va lam sach duoc
thuc hién tuong ty nhu mé ta & qua trinh khéo sat thoi gian chiét.
Thé tich dung mai str dung cho hai loai dung moi la 150 ml, véi thoi
gian chiét va diéu kién lam sach, cac diéu kién xr Iy mau khac hoan
toan giong nhau.

Khao sat diéu kién lam sach: Dé khao sat qua trinh lam sach st
dung cot chiét pha ran (SPE) v6i chit nhoi cot la silicagel da 16p,
nhém nghién ciru da str dung hai loai cot chiét co kich thude khac
nhau véi tong khéi lwong chit hip phu pha rin gom aluminium,
silicagel thuong (3% nudc), silicagel axit 1a 3 va 6 g. V&i ¢ft nho (3
g chét hip phu), thé tich dung méi rira giai n-hexan 1a 30 ml, trong
khi ¢4t SPE chua 6 g chat hip phu s& dugc rira giai chét can phéan
tich bang 40 ml n-hexan.

2.3. Thim dinh phwrong phdp

Sau khi Iya chon duge mot sd diéu kién t6i wu trong qua trinh xur
1y mau, nhém nghién ciru tién hanh cac thi nghiém nham tham dinh
phuong phép phan tich, gom xay dung duong chuan, thi nghiém xac
dinh MDL va MQL, d6 chum va do thu hoi, uéc lwong do khong
ddm bdo do (DKDBD) ctia phuwong phap. Céac gia tri tinh toan dugc
danh gia dua trén cac yéu cu ciia Hiép hoi cac nha hoa hoc phén tich
chinh thitc (AOAC). Cac miu thém chuén duoc tao thanh bang cach
thém chinh xac lwong dung dich chuan hdn hop PBDEs nong do 1
ppm va dng nghiém di chira mau nhya sach. Mau dugc lic bang may
lic rung Votex va bao quan qua dém trong tu lanh ¢ nhiét d¢ 2-5°C.
Sau do, mau dugc chiét theo quy trinh da t6i wu dé x4c dinh cac thong
s6 nham xac nhan gi4 tri sir dung cia phuong phép.

24 Ap dung quy trinh dé phin tich mt so mau nhwa thai tir
do gia dung

11 mAu nhya thai duge lay tai cac khu thu mua phé liéu & Ha Noi
va Hung Yén. Cac mau nhya dugc lay tir vo quat dién (phan 16ng
quat va dé quat), vo phich nudc, am dién, mdy xay sinh t6 va may
say toc. Cac mau sau khi lay duoc rira sach bing nude va dé kho ty
nhién. Mau nhya dugc nghlen nho thanh hat c6 kich thudc nhd hon
0,5 mm bang may nghién IKA MF10 basic. Cac mau nhya s& dugc
chiét bang phuorng phap Soxhlet sir dung dung méi phu hop da duge
lya chon, thoi gian chiét tdi wu va céc didu kién lam sach, lam giau
mau theo quy trinh duoc xay dyng sau khi khao sat mot s diéu kién
va thim dinh phuong phép. 8 ciu tir PBDEs chi thi (g0m BDE 28,
BDE 47, BDE 99, BDE 100, BDE 153, BDE 154, BDE 183 va BDE
209) trong mau nhya duoc dinh lugng trén thiét bi GC/MS st dung
¢t tach Rtx véi pha tinh poly (5% diphenyl, 95% dimethyl siloxan)
va kich thudc 15 m x 0,25 mm x 0,10 pum. Ché d6 phan tich dinh
luong khong chia dong va chon loc ion voi cdc manh phd dic trung
va manh d6i chimg twong g ciia timg cAu tir.

3. Két qua va ban luan
3.1. Két qua xdy dwng quy trinh phan tich

Dé phan tich dinh lugng PBDEs trén thiét bi GC/MS Agilent
7890A/5975C, d6 on dinh cua tin hi¢u duwgc danh gia thong qua
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d6 1éch chuén tuong dbi cua dién tich pic trén sdc do téng ion
ctia dung dich chuén ndng d6 10 va 1000 ppb dugc phan tich
lap lai 3 lan. Két qua 1a d6 léch chuén tuong ddi cua dién tich
pic sac ky cta cac chat phén tich sau 3 1an bom lap lai dung
dich ndng d¢ 10 ppb nam trong khoang 1,58 dén 8,08%, ¢ mtrc
nong do cao NS1000 (1000 ppb) thi khoang gia tri RSD tuong
{mg 13 5,53 dén 10,4%. So sanh véi giGi han cho phép ctia RSD
& mirc ndng d6 10 ppb 1a 21% va 1000 ppb 1a 11% theo AOAC
thi thiét bi GC/MS st dung dé nghién ciru cho tin hidu phén tich
khé 6n dinh.

IDL va IQL cuia thiét bi d6i v6i timg cau tir PBDEs duoc xac
dinh theo ty 1& tin hiéu trén nhidu (S/N) cta dung dich chuén
¢6 ndng do thap nhat PBDEs - 10 ppb, con déi véi BDE 209 ¢6
ndng do 1a 100 ppb. IDL cuia thiét bi dbi vdi cac cau tir PBDEs
nam trong khoang 4,19 dén 28,4 ppb; IQL tuong (g ndm trong
khoang 14,0 dén 94,8 ppb; BDE 47 1a chat ¢6 gii han phat hién
thap nhat va BDE 209 1a cht c6 gidi han phat hién cao nhat. Tir
cac gia tri IDL va IQL tinh toan dugc, nhoém nghién ctru da tién
hanh l4p dugc dudng chudn cho cac cau tir PBDEs voi khoang
ndng d6 tir 10 dén 500 pbb (BDE 209 14 tir 100 dén 5000 ppb).
Cac dudng chuan déu cho hé sb trong quan hdi quy 16n hon
0,99 va c6 thé st dung dé dinh lugng cac chu tr PBDEs bé“mg
phuong phap ngoai chuén.

Két qua khao sat thoi gian chiét ¢ 8, 12 va 16 gio ciing vai
vige str dung hai loai ¢ot 1am sach (cot 16n - L va c6t nho - N)
trong mau nhwa d3 1iy dugc thé hién trong bang 1.

Bang 1. Két qua khao sat thei gian va qua trinh lam sach.

Ham lrgng (ng/g)
Ténchit  pLg3.1. VL03.2. VLO3.3. VLO3.4. VLO3.5. VLO3.6.
8 gio-L 8 gio-N 12 gio-L Dgio-N 16 gio-L 16 gio-N
BDE 28 - - - :
BDE 47
BDEI100 - . .
BDEY 6,18 . 835 464 19,0 144
BDE 154
BDEI53 754 421 Al : 16,03 1320
BDEI83 - - : 4,95 35,1 314
BDE20 - - 145 11,0 629 416

“-”: khéng phat hién.

Két qua phan tich cho thdy, & thoi gian chiét 1a 8 gio cac phat
hién duoc it cau tr hon so vdi cac mau duoce chiét 6 12 va 16 gio.
Bén canh d6, cac mau duoc chiét 6 16 gi0 phat hién duoc nhiéu ciu
tir nhat. P6i voi thi nghiém khao sat qua trinh lam sach voi 2 loai
cot khéc nhau cho thay, ¢ot kich thudc 16n cling voi lugng hoa chét
nhiéu hon, ham lugng céc cAu tir cao hon so véi miu dugc qua bing
¢ot ¢o kich thude nho hon.

Pé khao sat dung méi st dung cho qua trinh chiét, ching toi
tién hanh phan tich I3p lai 3 1an mau méi truong VLO1, VLO2 véi
hai loai dung méi chiét khac nhau la hdn hop axeton:n-hexan (1:1
v/v) vi dung méi toluen. Két qué gia tri trung binh ham lugng céc
PBDESs trong mau mdi truong doi voi mi loai dung moéi chiét dugc
thé hién ¢ bang 2.
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Bang 2. Két qua khao sat dung moi chiét.

Ham lugng (ng/g)

Tén chit Dung méi axeton:n-hexan Dung moi toluen

VLOI VL02 VLOI VL02
BDE 28 -
BDE 47 104
BDE 100 - - - -
BDE 99 14,0 138 437 26,0
BDE 154 - - - 3123
BDE 153 - -
BDE 183 552 7,1
BDE 209 1248 1450

: khéng phat hién.

Két qua bang 2 cho théy, khi chiét v6i dung méi axeton:n-hexan
sd cau tir PBDEs duoc phét hién it hon so voi khi chiét véi toluen.
Bén canh do, vi nhiing cau tir phat hién duoc ¢ ca 2 loai dung méi
chiét, thi ham luong chat trong mau dugc chiét bing toluen ciing
cao hon so véi ham lugng chat trong mu dugc chiét bang dung
moi axeton:n-hexan. Trong qué trinh khao sat qué trinh chiét mau
bing dung moi axeton:n-hexan nhan thay, dich chiét thu duoc sau
khi chiét trong ddi sach. Trong khi d6, khi tién hanh chiét bang
dung mai toluen, dich chiét thu duoc ¢ mau ciia mau nhua va dung
moi thu hoi sau khi chiét gan nhu khong that thoat nhiéu so véi mau
chiét bing dung méi axeton:n-hexan. Cac cdu tir PBDEs la nhimng
hop chat mach vong it phan cuc nén ca toluene va hon hop dung
moi lya chon déu dép tmg duoc yéu cau vé tinh twong thich cua
d6 tan. Tuy nhién, hdn hop axeton va n-hexan la dung moi ré tién
va it doc hon nhung lai c6 tinh phan cuc manh hon. Trong khi do,
toluen 14 hidrocacbon mach vong, c6 tinh twrong dong cao hon véi
cac PBDEs vé mit cdu tric. Ngoai ra, nhiét d6 soi cua toluen cao
hon nén khi tién hanh chiét Soxhlet can dun trén bép dién (nhiét do
110°C) chtr khong dun trén bép cach thay (60°C) véi hdn hop dung
moi. Két qua thuc nghiém ciing da chimg minh, hiéu qua chiét khi
str dung dung méi toluen dé chiét cc hop chit PBDEs la cao hon
50 voi hdn hop axeton:n-hexan (1:1, v/v). Cac dung dich chiét v6i
dung méi toluen ciing kéo theo nhidu chét mau hitu co hon nén quéa
trinh lam sach mau & giai doan sau ciing yéu cau nhiéu cong doan
hon so vé6i dich chiét boi hdn hop dung moi.

Bén canh d6, khi so sanh véi quy trinh xir Iy mau nhya do H.Q.
Anh v cs (2017) [11] dua ra, qua trinh chiét Soxhlet v6i dung méi
toluen chi dugc thuc hién trong 12 gio, nén nhom nghién ctru lya
chon thoi gian t6i wu cho chiét voi toluen giong nhu thoi gian voi
hdn hop dung méi axeton:n-hexan do han ché vé mit thoi gian thuc
hién khao sat. Nhom nghién ctu tin tuong rfing, hiéu suat chiét
trong thoi gian chiét 16 gios s tot hon va dugc chimg minh qua két
quéa tham dinh phuong phap.

Tir cic két qua khao sat, nhom nghién ctru ciing dua ra quy
trinh xr Iy mAu nhya dé x4c dinh PBDEs bing phuong phap chiét
Soxhlet voi dung mdi chiét 1a Toluen & thoi gian chiét 1a 16 h.
Qua trinh chiét nay c6 dung méi chiét twong tw nhu quy trinh dugc
cong b6 cia H.Q. Anh va cs (2017) [11] nhung khac so voi S.J.
Chen va cs (2009) [10] (cac tac gia s dung hon hop dung moi
axeton:n-hexan). Qua trinh rira giai sau khi hép phu trén cot da 16p
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str dung hoan toan n-hexan chit khong sir dung hon hop dung moi
nhur nhom nghién ciru ciia Hoang Quc Anh (2014) [15] va US EPA
1614. Muyc dich nhom nghién ciru t6i wu quy trinh nham xdy dyng
duoc quy trinh xir Iy mau phu hop voi diéu kién phong thi nghiém
v6i viée sir dung cac dung méi phu hop va do thu hoi ciing nhu do
chum ctia phuong phap van dat cic yéu cdu phén tich.

3.2. Két qud tham dinh phwong phdp phan tich

MDL va MQL ciia phuong phép dugc thuc hién trén nén miu
nhua thém chudn & khoang ndng d6 10 ng/g voi cac BDE, riéng
véi BDE 209 1a 100 ng/g. Mau nhyra dung trong thi nghiém MDL,
MQL li mau nhya da dugc chiét soxhlet nhiéu lan bang toluen va
dinh lugng trén thiét bi GC/MS khong con sy xuét hién cta cac ciu
tir PBDEs (bang 3).

Bang 3. Két qua xac dinh MDL va MQL cia phwong phap.

Tén chdt Trung binh SD (%) MDL (ng/g) R MQL (ng/g)
BDE 28 10,2 0,784 235 433 7,34
BDE 47 9,99 0,804 241 414 8,04
BDE 100 103 0,796 239 430 7,96
BDE 99 9,96 0,735 2,20 452 735
BDE 154 10,0 0,772 232 434 11
BDE 153 104 0,849 2,55 4,09 8,49
BDE 183 10,5 0811 243 432 8,11
BDE 209 105,6 8,04 24,1 438 803

Gidi han phat hién cua phuong phdp phén tich PBDEs trong
nhua ndm trong khodng 2,20-24,1 ng/g. Gidi han dinh lugng cua
phuong phép nam trong khoang 7,35-80,3 ng/g. Két qua MDL
dugc danh gia thong qua hé s6 R, theo két qua tinh toan cho thiy
hé s6 R nam trong khoang 4<R<10 thoa man theo yéu cau cua
AOAC, do vay cac gia tri MDL, MQL déu dang tin cay.

Do chum cua phuong phap duge xac dinh thong qua do lap lai
ctia phuong phap khi phan tich I3p lai 7 1an 3 miu moi trudng khac
nhau véi két qua thu duoc ¢ bang 4.

Bang 4. Két qua danh gia dé chum ctia phwong phap.

Ham lrgng (ngg)
V101
Trung binh~ SD (%) RSD (%)

Tén chit VL3

Trung binh -~ SD (%)

VL4
Trung binh~ SD (%)

RSD (%)

RSD (%)
BDE 28 . o o c
BDE47 - - - - - - 105 1,27 120
BDEI00 - - -
BDED) 437 281 683
BDEIS4 -
BDEIS3 -
BDE 183 552
BDE20Y 16
IPBDEs 1150

5,1 131 90 203 149 736

- 319 59 813 3072 8,54 261
976 642 46l 718
133 138 109 789

471

538
215

1787 6,00 3n

536,7

Tién hanh phan tich lap lai 3 1an miu méi truong (VLO3) thém
chuén & 3 mirc néng do thép, trung binh va cao lan luot 1a 12,5,
50 va 250 ng/g. Két qua do thu hoi trén nén miu moi trudng thém
chuan dugc thé hién ¢ bang 5.
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Bang 5. Két qua danh gia doé dung ctia phwong phap.
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Bang 7. Két qua ham lwgng PBDEs trong mau nhwa gia dung.

_— Thém chudn 12,5ng/g  Thém chudn 50 ng/g Thém chuén 250 ng/g
RSD(%)  R,(%)  RSD(%) R, (%)  RSD(%)  R,(%)
BDE 28 148 %44 9,62 97,1 7,67 9,1
BDE 47 145 92,5 845 973 458 97,5
BDE 100 8,88 89,1 12,1 99,5 100 984
BDE 99 4774 91,0 9,84 9,7 1,75 973
BDE 154 837 101,1 138 92,6 993 100.4
BDE 153 47 104,35 110 9,7 8,72 93,8
BDE 183 11,5 95,1 134 93,7 57 95,0
BDE 209 7,00 994 841 91,1 123 98,8

Két qua tinh toan cho th?iy, d6 thu hdi cia mau thém chuén
miic néng do 12,5 ng/g dao dong 89 1-104,5%, mau moi truong
thém chuan & mirc ndng do 50 ng/g ndm trong khoang 91,1-99,5%
va mau moi truong thém chuin ¢ mirc nong d6 250 ng/g ¢6 do thu
hdi nim trong khoang 93,8-100,4%. Céc gia tri RSD (d6 tai lap)
nim trong khoang 4,58-14,8%. Theo quy dinh ciia AOAC [1], do
thu hoi & mirc ndng do 10 ppb nam trong khoang 60-115%, gia tri
RSD nho hon 21%; & mirc nong do 100 pbb thi do thu hoi la 80-
110% va RSD nho hon 15%. Nhu vay, cac két qua thyc nghiém thu
duoc hoan toan dap tmg cac yéu cau cia AOAC.

DKDBD tong hop va mo rong dugc tinh tir cic PKDBD trong
phong thi nghiém. DPKDBD nay dugce udc lugng tir kha nang tai
lap ciia mau chuin, mau méi truong va d thu hoi thue nghiém tir
cac mau thém chuan. Két qua tinh toan ¢ KDBP tong hop va mo
rong ctia phuong phap dugc thé hién ¢ bang 6.

Bang 6. DKDBD tdng hop va mé rong cta phwong phap.

Chét U, (%) U=2*U_ (%)
BDE 28 6,53 13,1
BDE 47 7,96 159
BDE 100 8,03 16,1
BDE 99 103 20,5
BDE 154 457 9,15
BDE 153 5,04 10,1
BDE 183 9,96 199
BDE 209 7,11 142

DKDBD cia phuong phap phan tich 8 cdu tir PBDEs trong
mau nhya dao dong tir 10,1 dén 20,5%. Déy la két qua twong ddi
phit hop voi viée phan tich ham luong vét clia cac chat nghién
ciru. Nhu vay, két qua nghién ctru co thé duogc thé hién dudi dang
X . +U.

3.3. Két qud wng dung quy trinh phdn tich dé xic dinh
PBDE:s trong miu nhua

Ung dung quy trinh phan tich di dwoc i wu va tham dinh tai
phong thi nghiém, 11 mau nhua thai tir cac dd gia dung di duoc
phan tich va thu dugc két qua ¢ bang 7.
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Ky;'hiéu Him hrgng (nglg)

miu  BDEJS BDE47 BDEIN) BDEY) BDEIS{ BDEIS3 BDEISS BDE20Y TingPBDE
VIOl <MDL  <MDL <MDL 437  <MDL  <MDL 52 148 236
VLD <MDL  <MDL <MDL 242 <MDL 3026 I 1390 439
VL3 <MDL <MDL <MDL 257  <MDL 3190 642  1%2 471
VL4 <MDL 1052 <MDL 202 <MDL 372 <MDL I87  S366
VLS 164  <MDL <MDL 269  <MDL 157  <MDL 8765 2789
VI06  <MDL <MDL <MDL 493  <MDL 10366 <MDL 13 2479
VL7 <MDL  <MDL <MDL  <MDL <MDL 117 263 9Ll 1)
VL8 <MDL <MDL <MDL  <MDL 2689 563  <MDL 44 2305
VL9 <MDL  <MDL <MDL  <MDL <MDL 42  <MDL 891 1334
VLIO <MDL  <MDL 264  <MDL <MDL 112 1791 %42 1497
VLI <MDL  <MDL <MDL 464  <MDL  §75  <MDL 91 1961

Ham lugng tong PBDEs trong mau nhya dao dong trong khoang
129,1-2479 ng/g. Ham lugng tong PBDEs trong mau nhya VL06 co
ham lugng cao nhat 1a 2479 ng/g, day 1a mau nhya duoc lay tir chan
ctia quat. Theo két qua khao sat khi thu thap miu, chiéc quat nay da
duoc san xudt va st dung rit lau, véi khoang thoi gian san xuat cach
day khoang 20 ndm. Tong ham lwong PBDEs duoc phat hién thap
nhat 1a mau nhya VL07, day 1a mau nhya dugc 1y tir phich nuéc d
cu Khi so sanh thoi gian san xudt cta 2 mau nhya ndy, nhin thay
mau nhua clia quat duoc san xudt cach ddy khoang 20 nam co tong
ham luong PBDEs trong miu cao hon so v6i mau nhya dugc liy
tir phich chira nuée dw doan dwgc san xuat trong thoi gian gan day.
Péi voi nhitng miu nhwa khac duoc thu thap chi yéu 1a nhimg mau
nhya duoc san xuat trong thi gian vai ndm trd lai ddy. So sanh két
qué phan tich tong ham luong PBDEs trong miu nhua theo quy dinh
RoSH 1 1000 ppm thi ham lugng PBDESs trong c4c mau nhya dugc
phan tich déu thip hon rat nhidu so vdi gi6i han cho phép.

Ty 18 phan trim vvé ham lugng cua timg chi tiéu PBDESs so voi
ham lugng PBDEs tong cua cac mau nhua dugce thé hién ¢ hinh 1.

v R EROONSONSNNNNNNNE

VL0 mPBDE 28

VLo9 MPBDE 47

VLo8 B PBDE 100

VvLo7 PBDE 99

&u mau

vioe § EIPBDE 154

VL05  [KE RIPBDE 153

E¥ hi

VL4 OPBDE 183

Vi3 © PBDE 209

VLO02

VL0l

T716(%)
Hinh 1. Ty 1é phan trdm cac cau tir trong mau nhwa.

Pong loai PBDEs chui yéu phat hién dugc trong cdc miu nhya
1a BDE 209, ty 1¢ dong loai nay co gia tri dao dong trong khoang
25,3-70,6% ham luong PBDEs tong; tiép sau d6 la dén ham lugng
ctia BDE 153 chiém ty 1& 0-60,97% trén tong ham luong BDESs;
cac ddng loai con lai chiém ty 18 twong ddi thdp. BDE 209 trong
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cac mau nhua gia dung nay chiém ty 1& cao 13 hoan toan phi hop véi
luong DecaPBDEs thuong mai dugc st dung trén thi truong. Theo
thong ké nam 2001, c6 dén 93,3% luong PBDEs thuong mai dugc
tiéu thu tai chau A la DecaPBDEs [12].

Béng 8 thé hién két qua nghién ctru ham lugng PBDEs trong
nhya dugc cong bo bdi mot so tac gia trén the gidi dé so sanh voi
nghién cltu nay.

Bang 8. Ham lwong PBDEs trong mau nhwa tai mét s6 khu vwc
trén thé gioi.

Loai miu Ham lwgng (ng/g)  Khu vire nghién ciru  Tai liéu tham khao
. _ 129,1-2.4789 R L
Nhya gia dung (n=11) (SPBDES) Hung Yén, Ha Noi Nghién ciru nay

Nhya ctia WEEE bao g(“)m: tivi, 6,6-21.000 Belarus T. Kukharchyk va cs
man hinh va my in (n=12) (Z10PBDEs) (2020)[13]

. ND-250.100 Cira song Duong T, H. Deng v cs
Manh nhya (Z9PBDES) Trung Quée (2021) 9]
Nhya tir b choi tré em méi va 560-3.035.840 Vione aude Anh O.T Fatunsin va cs
i (1=23) (S8PBDEs) s4 (2020) [14]

. 5 1.730-55.790
Nhua gia dung (n=4) (Z8PBDE) . . HoingQubcAnh
Hung Yén, Ha Noi

Nhyra nguyén sinh (n=2) 20-60 @y

gy (Z$PBDEs)

Két qua phan tich ham luong PBDEs trong mau nhya duoc so
sanh vi 3 nghién ciru khéc tai Belarus, Vuong quoc Anh va Trung
Qudc. Két qua cho théy, ham lwgng PBDEs trong mau nhua tai
nghién ctru nay cao hon so voi nghién ctru cia T. Kukharchyk va
cs (2020) [13] dbi v6i cac mau nhua tir ti vi, man hinh mady tinh va
méy in. Nhung lai nho hon rat nhiéu so véi nghién ciru danh gia
ham luong PBDEs trong mau manh nhya va nhya tir 0 choi tré em.
Bén canh do, so sanh ham lugng PBDEs trong nhya thai dién tu tai
nghién cuu cua Hoang Qudc Anh (2014) [15], ham luong PBDEs
trong cac mau nhua gia dung tai nghién ctru nay thap hon rét nhiéu.

4. Két luan

Trong nghién ctru nay, phuong phap. chiét soxhlet dugc sir dung
dé chiét PBDESs trong cac mau nhua tir d6 gia dung. Sau khi khao sat
thoi gian chiét va dung moi chiét, nhom nghién ctru da t6i wu dugce
diéu kién chiét véi dung méi toluen trong thoi gian 16 gio. Ngoai
ra, dich chiét s& duoc lam sach véi cot chiét pha rén silicagel da 16p
(6 g) va rira giai bé“mg dung moi n-hexan. Quy trinh xir Iy mau va
phan tich PBDEs trong mau nhua di dugc tham dinh véi cac gia tri
MDL va MQL thp nhat 14 2,20 va 7,35 ng/g d6i vdi cau tt BDE 99
va cao nhit 13 24,1 va 80,3 ng/g dbi v6i cau tir BDE 209. Céc két
qua danh gia vé do lap, do tai 1ap va do thu hoi déu dat céac yéu cau
quy dinh vé phuong phap phén tich dinh lrong hoa hoc ciia AOAC.
Quy trinh phan tich di duoc 4p dung dé xac dinh ham lugng PBDEs
trong mot s6 mau nhya thai tir cac san phim gia dung nhw may xay
sinh td, quat may, vo phich nuéc, 4m dién... Két qua cho thay, c6
sy ton du PBDEs (thanh phan phu gia ciia hop chat chong chay)
trong cac san phim gia dung véi ham lugng twong d6i cao dic biét
1a BDE 153 va BDE 209. Nhu vy, c6 thé thdy rang, quy trinh phan
tich PBDEs ¢6 thé st dung dé danh gia ham luong PBDES trong cac
san pham nhya dap (ng yéu cu vé kiém soat chat 6 nhiém hitu co
khé phan hity trong san phim hang héa theo quy dinh tai Dicu 69,
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Luét Bao vé Moi truong 2020. Tuy nhién, cin phai 4p dung quy
trinh dé phén tich nhidu doi twong mau nhua hon, dong thoi co thé
phan tich 1ap lai nhiéu mau cho mot loai san phﬁm nhya gia dung aé
c6 nhitng danh gi4 vé mirc do ton du khac nhau ciia PBDEs trong
cdc san phim nhya gia dung. Ngoai ra, trong qua trinh dp dung, su
cai tién phuong phap hay t01 wu quy trinh xur Iy méu va tham dinh
phuong phap van nén duoc thuc hién mét cach can than ¢ cac phong
thi nghi¢ém khac nhau.

Nhém nghién ctru xin cam on sy hd trg kinh phi tir Bo Tai nguyén
va Moi truong voi dé tai cap BO mang ma s6: TNMT.2021.01.22. Dong
thoi, tran trong cam on can by Phong Thi nghiém Moi truong, Khoa
Moi truong, Truong Dai hoc Tai nguyén va Moi truong Ha Noi da tao
diéu kién dé nhom nghién ctru hoan thanh qua trinh thuc nghiém.
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