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Nghién ciru xac dinh chi s6 COD, TOC theo phwong phép do quang
vung tur ngoai va img dung theo doi qua trinh phén huy
potassium hydrogen phthalate bang h¢ oxy hoa H,0 -HCO -
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Tom tit:

Trong nghién ctru nay, cac chi s6 COD (nhu ciu oxy hoa hoc) va TOC (tong carbon hitu co) trong h¢ o6xy héa H,O,-
HCO," chira potassium hydrogen phthalate (KHP) dwec xac dinh bang phuwong phap pho hap thu quang & Vung tu
ngoal - UV (260-310 nm) va cic yéu t6 anh hudéng téi do hap thu quang nhw pH, nong d¢ H,0, dwgc khao sat. Cac
duong chuén xac dinh COD va TOC thu duge lan lugt 1a: Abs = (3,10+0,04)x10xCOD - (0, 015:I:0 ,003) (R?=0,9996)
véi LOD=5,1 mg O,/1 va LOQ=13,6 mg O,/I; Abs = (0,008+0,0001)xTOC - (0,015+0,003) (R*=0,9996) véi LOD=1,6
mg/l va LOQ=5,4 mg/l Phuwong phap nay duo’c irng dung dé theo ddi sy phan hiy KHP béi tac nhin 6xy héa HCO,-
hinh thanh in-situ trong h¢ H,0,-HCO,". Két qua cho thay, hiéu suét xir ly KHP tinh theo COD va TOC ctia hé oxy
hoéa nay dat khodang 85% sau 90 phut chleu tia UV. Pho hap thu vung UV va sac ky dé HPLC cho thay, san pham

ciia qua trinh phén hily khong con hgp chét vong thom.

Tir khéa: chi s6 COD, hé éxy héa H,0,-HCO,", KHP, phwong phap pho hip thy UV, TOC.

Chi sé phén loai: 1.5

Pat van de

Véi tinh trang 6 nhiém ngudn nudc dang ngdy cang gia
tang, viéc xir 1y va theo doi chat luong c6 ¥ nghia quan trong
trong quan ly va bao vé tai nguyén nude. COD va TOC la
hai chi s6 quan trong ding dé danh gia mirc d6 6 nhidm chat
hiru co trong nude. Cac phuong phép tiéu chuan ding dé xac
dinh hai chi s6 nay thuong doi hoi thoi gian phan tich dai,
can st dung cac thude thir doc hai hodc c6 may moc thiét bi
chuyén dung [1-3]. Ngoai ra, néu qué trinh xur 1y chit hitu
co trong nudc thai co sir dung cac chit 6 oxy héa (nhu trong
cac h¢ oxy hoa tién tién Fenton, K.,S,0,, O,...) thi viéc theo
ddi 2 chi s6 COD, TOC bang cac phuong phap tiéu chudn
s€ bi anh hudng boi chinh cac tac nhan 6xy héa khir co
trong hé. Do vy, viéc nghién ctru va phat trién cac phuong
phap phan tich don gian, than thién véi méi truong, it tén
thoi gian, dac biét 1a khic phuc dugc cac yéu t6 anh hudng
da va dang dugc quan tim nghién ciru. Do hau hét cac hop
chit hitu co khong mang mau déu c6 UV nén phuong phap
do UV c6 thé 1a mot trong nhimg giai phap thay thé kha thi
trong viéc xac dinh COD va TOC. Uu diém cua phuong
phap nay 1a khong can xir Iy mau bang hoa chat hay nhiét
d6 cao va co thé dinh luong lién tyuc [4, 5]. Tuy nhién, ngay
ca cac nghién ctru sir dung phuong phap do quang ¢ nhiéu
buge song khac nhau trong vang UV két hop thuat toan hoi
quy da bién [5], cac yéu tb vo co c6 trong hé déu c6 thé anh
huong dén UV do duoc. Vi vay, viéc danh gia tinh kha thi
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cua phuong phap phan tich nay cho ting ngudn nude riéng
biét 1a can thiét. Cu thé, trong nghién ciru nay, dbi tuong
chit hitu co dwoc str dung dé phat trién phuong phéap xac
dinh chi s6 COD, TOC bang phuong phap do quang ving
UV la KHP, mét carboxylic acid thom hai chirc kha bén,
ddng thoi cling 1a chat chuan trong cac quy trinh chuan xéc
dinh COD, TOC [1, 2].

Bén canh d6, mét trong nhitng h¢ 6xy hda nng cao than
thién vi moi truong dang dugc quan tdm nghién clru trong
xir 1y 6 nhidm chét hitu co, dic biét 1a cac chat mau dét
nhudm, 1a str dung tic nhan 6xy hoa peroxymonocarbonate
HCO, hinh thanh in-situ trong h¢ H,0,-HCO, [6]. Viéc
khoang hoa cac chit mau chira hé thorm hen hop nay thuong
phai di qua qua trinh phén huy cac hop chit vong thom
don gian nhu KHP, salicylic acid, phenol... Muc dich cua
nghién ctru nay 1a nham xay dyng mot phuong phap don
gian dé phan tich ndng d¢ chat hitu co (dai dién 1a hop chat
KHP) théng qua chi s6 COD va TOC ma khong can qua
giai doan xtr Iy mau hay doi hoi thiét bi chuyén dung nhu
trong cac phuong phap tiéu chuan dé xac dinh 2 chi s6 nay.
Vi vay, nghién ctru ctia chung t6i tdp trung vao 2 nhiém vu
chinh: (i) Khao sat cac yéu t6 anh huong nhu PpH, ndng do
cua hon hop H,0,-HCO," t61 viéc xac dinh ndng do KHP,
chi s6 COD, TOC bang phuong phép do quang vung UV
(kmax—273 nm); (ii) Ap dung quy trinh phan tich vao viéc theo
ddi qua trinh phan huy KHP bang hé 6xy hoa H,0,-HCO, .
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Abstract:

In this study, the COD and TOC in H,0,-HCO," oxidation
system containing potassium hydrogen phthalate were
determined by UV spectrophotometry (260-310 nm). The
pH and H,O, concentrations were investigated as factors
influencing the absorbance measurements. The obtained
standard curves were Abs = (3.10+0.04)x10°xCOD -
(0.015+0.003) (R*=0.9996) with LOD of 5.1 mg O,/1 and
LOQ of 13.6 mg O,/1, and Abs = (0.008+0.0001)xTOC
- (0.015£0.003) (R?>=0.9996) with LOD of 1.6 mg/l and
LOQ of 5.4 mg/l. The method was applied to monitor
the degradation of potassium hydrogen phthalate by the
H,0,-HCO," oxidation system. The results revealed that
the COD and TOC removal efficiencies reached ~85%
after 90 minutes of UVC irradiation. The UV spectra
and HPLC chromatographs showed that no aromatic
compounds were obtained in the degradation products.

Keywords: COD, H,0,-HCO," oxidation system, KHP,
TOC, UV spectrophotometry.

Classification number: 1.5

Doi tiony va phuong phap

Dung dich nghién ctu kali hydrophthalate dugc pha
hang ngay tir dung dich gdc 2.000 ppm; hdn hop chét 6xy
hod H,0, 1,0 M - HCO, 0,5 M dugc diéu ché 50 phut truéc
khi str dung [6]; cac dung dich ion kim loai Cu?**, Mn**, Fe*",
Ni%", Co** 50 ppm duoc pha ngay trude khi lam thi nghiém
tir dung dich géc 1.000 ppm. Cac dung dich dé xac dinh
gia tri COD d6i chimg (theo phwong phép tiéu chuin) dugc
chuan bi theo hudng dan trong TCVN 6491:1999 [1].

Dé khao sat anh huong cua pH t6i phd hip thu ving
UV cua KHP, pH cua dung dich trong khoang 4-10 duoc
didu chinh bang may do Lab850 (dién cuc Blueline). Phd
hap thu duoc do bang may UV-Vis Biochrom S60. Gia tri
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TOC déi chimg (theo phuong phap tiéu chuan) duoc do trén
may Multi-N/C 2100 TOC analyser (Analytik Jena AG).
Céc diéu kién do sic ky HPLC-SPD M20A (Shimadzu):
cot C18 (4,5x150 mm, 5 pm), pha dong acetonitrile (ACN):
dém phosphate (PBS) 0,02 M (pH 4,7) 12 30:70 (v/v), toc dd
dong 1 ml/phut, nhiét do 10 40°C, thé tich bom mau 20 pl
va budc song 273 nm.

Puwong chuin xdc dinh KHP, COD, TOC bing phwong
phadp do quang UV

Khao sat phd hip thu vang UV cia dung dich KHP 80
ppm véi cic thong s6 anh huong 1a pH (pH=4-10), ndng do
H,0, (2-80 ppm). Duong chuén xac dinh KHP, COD, TOC
duoc xay dung trong khoang nong d6 KHP tur 15 dén 100
ppm & pH=8. P9 dung, d6 lap va tai lap cta duong chuin
dugc xac dinh theo AOAC [7].

Nghién civu sw phin hity KHP bang hé H ,0,-HCO -

Hé phan tng duoc thiét ké nhu & hinh 1 va cac thi nghiém
dugc thiét ké theo [6]. Quy trinh chung dé nghién ctru sy
phén huy KHP nhu sau: dung dich tic nhan 6xy hoa (H,O,-
HCO;,") dugc chuan bi bang cach tr@n H202 voi HCO, (theo
ty 1€ mol 1:2) 40 phut trudc khi bat dau phan ung. Sau do,
v6i thi nghiém khong chiéu birc xa UV, hdn hop phan tng
dugc chudn bi bang cach tron dung dich KHP véi dung dich
chét 0xy hoa, thém xtc tac ion kim loai, diéu chinh pH toi
8 bang dung dich NaOH 0,05 M trong binh phan tmg (hinh
1A). Con v6i thi nghiém c6 birc xa UV, hon hop phan tmg
dugc bom tuan hoan qua budong UV (hinh 1B). Nong do
KHP con lai theo thoi gian duoc theo ddi bang cach dinh ky
lay ~2 ml hdn hop phan tmg, loai bo H,0, du (do H,0, ciing
hap thu quang ¢ viung 260-310 nm nén c6 thé gay can tr¢
viéc dinh lwong KHP), rdi do quang ¢ ving UV (260-310
nm). Viéc loai bé H,0, du dugce thuc hién bang cach dun &
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Hinh 1. So d6 hé phan rng khéng birc xa UV (A) va hé phan (rng
c6 birc xa UV (B).
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90°C trong 30 phut [8]. Trong quy trinh nay, cac yéu to anh
huéng dén sy phan huy KHP da dugc khao sat gdm: xuc tac
ion kim loai M?* (1an luot 1a Cu?*, Mn?*, Fe*", Ni**, Co** va
hén hop Co*-Cu?*), ndng do cac chat trong hdn hop phan
ung va buc xa UV.

Piéu kién khdo sat kha nang xiic tdc ciia cdc ion kim
logi: [KHP]=80 ppm, [HCO,]=3 mM, [H,0,]=6 mM,
pH=9,5, [M2*]=0,1 ppm (hozc hon hgp Co* 0,1 ppm - Cu?*
0,1 ppm).

Piéu kién khdo sat sw phan iy KHP véi nong dg chdt
oxy héa Ién: [HCO, =100 mM, [H,0,]=200 mM, cic didu
kién khac gilr nguyén.

Diéu kién khao sat anh hwéng ciia birc xg UV: [KHP]=80
ppm, [HCO,]=3 mM, [H,0,]=6 mM, [C02+] =0,1 ppm,
pH=8, birc xa UVC 12W (A =254 nm, chiéu lién tuc).

Gia tri COD va TOC cua dung dich KHP trong qué trinh
phan huy duoc xac dinh bang phwong phap duong chuin
UV tai bude song tdi wu. Gia tri COD nay dugc so sanh voi
gia tri xac dinh theo phuong phap tiéu chuan [1]. Gi4 tri
TOC duogc so sanh vai két qua xac dinh trén méay do chuyén
dung Multi-N/C 2100 TOC analyser. Céac thi nghiém dugc
lap lai 3 lan.

Keét qua va thao luan

Puwong chuin xdc dinh nong dp KHP, COD, TOC bing
Pphwong phap do quang ving UV (2=273 nm)

UV cuia dung dich KHP vé&i nong d6 80 ppm duoc khao
sat trong vung UV tir 260 dén 310 nm & cac pH khac nhau
(pH=4-10). Két qua hinh 2 cho thdy, budc séng hap thu cuc
dai cia KHP tai pH=4 1a 280 nm, cuc dai nay giam dan va
dich chuyén vé phia budc séng ngin hon khi ting pH. Vi
cac pH tu 5,5 dén 10, buéde song hép thu cuc dai duy tri on
dinh 6 273 nm. Do vay, UV ¢ budc song 273 nm dugce dung
dé xay dung duong chudn xac dinh ndng d6 KHP trong moi
truong pH=8, két qua duoc thé hién & hinh 3.
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Hinh 2. Phé hép thu viing UV ctia dung dich KHP (80 ppm) & cac
pH khac nhau.
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Hinh 3. Pwong chuén xac dinh KHP.

Trong khoang nong do KHP tir 15 dén 100 ppm, UV phu
thude tuyen tlnh vao KHP. Xt ly s6 liéu theo phuong phap
binh phuong t6i thiéu (ham LINEST-Excel) thu dwoc cac
thong s6 thong ké ciia duong chuan nhu sau:

Abs = (3,68+0,05)x10°xC, ., - (0,015+0,003) (1)

vai R?=0,9996. Gia tri LOD va LOQ xac dinh dugc tuong
ung la 3,5 va 11,6 ppm.

Do lap, do ding ctia phuong trinh duong chuan duoc xac
dinh cho két qua CV=0,7%, d¢ tai lap duoc xac dinh cho két
qua CV=2,59% (voi do tin cay la 95%) la phu hop voi tiéu
chuan ciia AOAC.

Trong cac tai li¢u tham khao nghién curu xac dinh COD,
TOC theo phuong phap do quang UV su dung céc thuat toan
hdi quy da bién [5] cho théy, c6 thé sir dung phuong phap do
phé hap thu UV dé xac dinh COD, TOC vé6i d6 chinh xéac
va tin c@y cho phép. Tuy nhién, trong nghién ctru nay, viéc
phén huy KHP bang hé H,0,-HCO," véi sy c6 mat cua H,0,
c6 thé anh huong dén gia tr1 UV tal vung 260-310 nm. Dung
dich KHP 80 ppm khi c6 mat H,O, v&i nong do thay doi tir 2
dén 80 ppm cho thay, khi nong do H,O, nho6 hon 20 ppm thi
khong anh huéng dén UV ciia KHP (SD<3%)

Theo [1, 9], COD cua dung dich KHP 850 ppm la 1.000
mg/l, thay C,,,=850/1000xCOD vao phuong trinh (1) thu
duoc:

Abs = (3,100,04)x10°xCOD - (0,015+0,003) )

véi R?=0,9996. Gia tri LOD va LOQ xac dinh duoc lan luot
la5,1val13,6mgO,/L

Theo [3, 10], TOC cua dung dich KHP 204,22 ppm la
96 mg/l, thay C,,,=204,22/96xTOC vao phuong trinh (1)
thu duoc:

Abs = (0,008+0,0001)XTOC - (0,015+0,003) 3)

véi R?=0,9996. Gia tri LOD va LOQ xac dinh dugc tuong
ung 1,6 va 5,4 mg/l.

Tém lai, c6 thé tom tit quy trinh xac dinh COD va TOC
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ctia mau phén tich nhu sau: i) Pha it nhat 7 dung dich chuan
KHP c6 ndng d6 trong khoang 15-100 ppm bang nudc khir
ion; ii) Po UV (Abs) cua cac dung dich nay ¢ budc song
273 nm; iii) Thiét lap duong chudn sy phu thudc Abs =
axCy,, T b; iv) Quy doi sang phuong trinh tinh COD: Abs =
ax(850/1000)xCOD + b; v) Quy doi sang phwong trinh tinh
TOC: Abs = ax(204,22/96)XTOC + b; vi) Po UV Abs ctia
dung dich phéan tich ¢ budc song 273 nm, thay gia tri Abs
nay vao phuong trinh ¢ budc iv va v thu dugc gia tri COD,
TOC twong ung.

Nghién ctvu sw phin huy KHP bang h¢ H ,0,-HCO;

Anh huwong cua xuc tac. theo [5], cac ion kim loai cé vai
trd xtc tac trong qua trinh phan huy cac hop chat hitu co
bang hé H ,0,-HCO,". Céc khao sat phan huy KHP khi co6
mit lan luort cac ion klm loai sau 120 phut cho thdy hau nhu
khong ¢ su giam nong do KHP (CV<0,5%). Tuy nhién, céc
nghién ctru khac cua chung t6i vé kha ning phan huy chét
mau cua hé H202 -HCO, cho thdy vai tro dang ké cua ion
Co* [6]. Do vay, cac nghlen ctru phan huy KHP van dugc
thuc hién khi c6 mat Co** 0,1 ppm.

Anh huéng ciia nong dé chdt éxy héa: & mot diéu kién phan
{mg twong duong véi diéu kién phan huy chat mau Reactive
Blue 19 [6], két qua cho thdy, s phan huy KHP bang dung dich
chét 6xy hoa & néng do cao (HCO, 100 mM, H,0, 200 mM)
sau 120 phut 1a hau nhu khéng dang ké khi khong chleu burc xa
UV (CV=3,1%).

Anh heéng ciia birc xa UV: & diéu kién c¢6 chiéu UVC
voi sy ¢ mit cua xtc tac Co*, phé hép thu ctia hon hop
phan tmg phan huy KHP theo thoi gian chiéu birc xa dugc thé
hién & hinh 4. Két qua cho thdy, sau 5 phut da c6 su phan hay
KHP thanh cac hop chét trung gian, lam cho phé hép thy tai
khoang 260-310 nm tang Ién, nhung van con ‘quan sat thdy
dinh hap thu cia KHP tai 273 nm (va vai hap thu tai 280
nm) cho dén khi thoi gian chiéu 1a 20 phat. Sau do, cac san
pham trung gian tiép tuc phan huy va phd hip thy giam dan
vé gia tri nén.
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Hinh 4. Phd hap thu ving UV (260-310 nm) ciia hé KHP, H,0,-
HCO,-, Co* & cac thoi gian chiéu UV khac nhau (0-90 phut).
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Két qua tuong ty ciing duge quan sat thiy trong sic ky
d6 HPLC duoc thé hién ¢ hinh 5. Hon nira, sic ky do cua
hdn hop phan tng sau 90 phut chiéu UV cho thdy khong con
cac hop chat trung gian hap thy tai 273 nm, bao gdm cé cac
hop chét c6 vong thom.
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Hinh 5. Sc ky dé cua hé KHP, H,0,-HCO -, Co?* & théi gian chiéu
UV khac nhau.

Tir cac két qua trén cho thdy, viéc phan huy KHP boi hé
H,0,-HCO; ¢6 Va1 tro dac biét ctia buc xa UV va can duoc
nghlen ctru tlep vé anh huong ctia cdu tric, dic biét 1a nhom
chtre va vi tri ciia nhom chire trén vong thom.

Xic dinh COD va TOC: hén hop phan tmg KHP 80 ppm,
H,0, 3 mM-HCO, 6 mM, Co** 0,1 ppm (gia tri ly thuyét:
COD 94,1 mg O /1 TOC=37,6 mg/l) khi dugc chiéu birc xa
UV cho thdy, & giai doan trung gian ctia qua trinh phan huy, cac
san pham trung glan ciing hp thy trong viing budc song khao
sat. Do vay, chi so0 COD, TOC duoc xac dinh theo duong
chuin 2 va 3 va theo phuong phap ddi chimg chi duoc ap
dung véi mau KHP sau thoi gian chiéu UV 90 phut. Cac gia
tri nay dugc so sanh vai cac gia tri COD, TOC tinh theo 1y
thuyét ciia dung dich d6i chtng khi chua chiéu UV (bang 1).
Bang 1. Gia tri COD, TOC ctia hén hop phan tng.

Hdn hop ban ddu  Hdn hop phin ing
COD ly thuyét 94,1 -
COD (theo cong thirc 2) - 13,2+0,5
COD dbi ching s 14,4+0,5
TOC 1y thuyét 37,6 -
TOC (theo cong thurc 3) - 5,240,3
TOC dbi ching - 7,8+0,4
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Tir cac két qua nay cho thay, sy phit hop ciia phurong phap
xac dinh COD, TOC theo phuong phap do quang vung UV
v6i ddi chimg. Luu y, chi s6 COD xac dinh theo [1] voi mau
da dugc loai bo lugng H,0, du, nén gia tri xac dinh COD
theo 2 phuong phép 1a kha phu hop. Gia tri TOC d6i chiig
duogc xac dinh theo phuong phap 6xy hoa nhiét va dugc tinh
bang hiéu cua gia tri TC (tong carbon) va IC (carbon vo co)
c6 gia tri cao hon so v6i phuong phap xac dinh theo duong
chuan 3. Piéu nay c6 thé do luong du HCO;" con lai trong
hon hop phan tng. Sy loai bo COD, TOC cua dung dich
KHP & diéu kién nay dat ~85%. Tuy nhién, khi xac dinh
COD, TOC theo phuong phap do quang vung UV (duong
chuén 2 va 3), gi¢i han LOQ twong tng 1a 13,6 mg 0,/1va
5,4 mg/l, nén gia tri COD, TOC (bang 1) bi gidi han boi cac
LOQ nay va hi¢u suét loai COD, TOC chi xé4c dinh duoc tbi
da 1a ~85%. Trén thyc té, hiéu suit phan huy KHP c6 thé
con dat duoc cao hon nhu két qua HPLC da chi ra.

Trong nghién ctru nay, duong chuan xac dinh COD,
TOC theo phuong phap do quang vang UV (A =273 nm)
dugc xay dung va danh gi4, cac duong chuan thu duoc lan
lugt 1a Abs = (3,10+0,04)x10°*xCOD - (0,015+0,003) va
Abs = (0,008+0,0001)xTOC - (0,015+0,003). Phuong phap
nay duoc ap dung dé theo ddi va danh gid qua trinh phan
huy KHP bang hé¢ H,0,-HCO, . Két qua cho thy, ¢ diéu
kién c6 xuc tac ion kim loai (0,1 ppm) va pH=8, su phan
huy KHP 1a gan nhu khong dang ké khi khong chiéu buc
xa UV, ké ca véi ndng do chat 6xy hod cao. Tuy nhién, khi
chiéu birc xa UV, hiéu suat phéan huy c6 thé dat ~85% sau
thoi gian 90 phut. Két qua phan tich sic ky HPLC cho thay,
san phim cta qua trinh phan huy khong con hop chét vong
thom. KHP 1a mot dan xudt thom don gian, tuy nhién voi
céu trac chira 2 nhom chirc carboxylate & vi tri ortho- c6
thé 1a mot trong ‘nhing hop chit trung gian trong qua trinh
phan hity cac chit mau chira vong thom va can duoc nghién
ctru thém.
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