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Trong nghien ciru nay, nhém tac gia da khao sat diéu kien t0i wu dé xac dinh dong thoi kali hydrophthalat
(KHPh - chit chuén dé xac dinh COD), NO, va thay rang, KHPh va NO, hap thu anh sang cwe dai tai 198
va 205 nm twong u’ng, do dé khong thé xdc dinh riéng ré 2 chi tiéu tren, dé xac dinh dong thoi phal dua
trén sw lién hé tuyén tinh giira ndng dd va cwong d vach phd tir 190 dén 300 nm, va pH t6i wu dé do hip
thu quang dat cue dai 13 4,5. Trén co sé cac két qua khao sat diéu kién tdi vu, phwong trlnh dwong hoi quy
da bién xac dinh dong thoi KHPh va NO," da dwgc xiay dung. Két qua phén tich 10 miu gia tu tao theo
mé hinh hdi quy céu tir chinh PCR cho thay, ¢6 su tring Lip giira s0 li¢u thwe nghi¢ém nhin dwoc va nong
do cho trudce trong pham vi sai sé twong déi cho phép (<15%) Phén tich ham lwgng KHPh va NO, trong
4 miu thyce bang phu’(rng phap xac dinh riéng ré va dong thoi di cho két qua khac nhau khong dang ké.
Tir d6 cac tac gia di dén két luin, phuwong phap hdi quy da bién ng dung cho phan tich miu thye té hira
hen cho két qua phu hop khi so sanh véi phwong phap phan tich riéng ré, ¢ thé ap dung dé phan tich cac

miu nuéc thai sinh hoat thue té.
Tir khéa: COD, héi quy da bién, NO,.
Chi s6 phdn loai 1.4

pat van de

Ngudn nudce thai sinh hoat 6 nhiém khong chi anh
huong dén moi trudng séng ma con lién quan tryc tiép
dén stc khoe ciia con nguoi. Khi ham lugng cac chét
hitu co trong nude ting cao, c6 thé gay ra cac bénh Iy
hét stc nguy hiém cho con ngudi nhu ung thu, ngd
doc... vi chiing thu(mg 1a nhitng chit doc va kha bén
[1]. NO, co nhiéu trong nude cling gy nén hién tuong
phu ducmg lam cho thyc vat, rong tao phat trién nhanh,
dong thoi khi COD, NO, tang 1am giam lugng oxy hoa
tan trong nudc va tao ra mui kho chiu, tir d6 gay anh
hudng bat loi dén sirc khoe ctia con ngudi [2].

Hién nay trong viéc giam sat ngudn nudc thai sinh
hoat dé danh gia sy 6 nhidm, ngudi ta thudng ding cac
sensor do phd truc tiép st dung detector UV c6 thé
ngam chim tryc tiép trong nudc va giam sat chat luong
nudc thai mot cach nhanh chong. Tuy nhién, do cé sy
chdng chéo phd 1én nhau cta cac chit giy 6 nhiém nhu
phé cua cac hop chat hiru co va NO,, NO, lam cho
tin hi¢u thu duoc bi nhicu hoac khong chinh xac, tir do
lam sai 1éch két qua giam sat. Chang han, ph6 hap thy
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cua NO,  va NO, ¢6 budc song hap thu cyc dai tuong
ung tai 205 va 211 nm, cac sensor khong thé phan biét
dugc giita hai ion nay [3]. Qua tham khao mdt sb tai
lidu [4, 5], chung t6i thiy ring can c6 mot phuong phap
dé tach dugc ddng thoi tin hiéu cua cac phd chong chéo
nay mot cach nhanh chéng. Phuong phép tric quang
phan tir UV-Vis két hop voi thuat toan hoi quy da bién
1a phwong phap don gian va nhanh chong dé phan tich
cac tin hiéu nay véi d6 nhay va do chon loc cao.

Bai béo trinh bay két qua nghién ctru cac diéu kién
t6i uu dé xéc dinh dong thoi ham lugng COD va NO,-
c6 trong nudc thai sinh hoat, tat ca cac yéu to anh
hudng dén d6 nhay cua phuong phap déu duge téi uu
hoa va xac dinh dugc ving tuyén tinh cia COD va
NO,". Ma trén chuan thyc nghiém dugc xay dung bang
cach do d6 hip thy quang cua 25 mau voi ham luong
COD, NO; lan lugt nam trong khoang tuyén tinh cua
tung chi ti€u twong g, trong vung budc song tur 190-
300 nm. Sir dung mé hinh binh phwong tdi thiéu timg
phan (PLS), binh phuong tdi thiéu nghich dao (ILS),
binh phuong téi thiéu thong thuong (CLS) va hdi quy
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Simultaneous determination of
COD and Nitrate in waste water by
spectrophotometric method combined with
multivariate regression algorithm

Summary

This study examined the optimal conditions to
identify simultaneously two targets COD and
NO;’, and showed that the best properties that
are best include the spectra around 190 to 300
nm, the maximum absorption of COD and NO,
respectively at 198 and 205 nm, and the optimal
pH for optical absorption at a maximum of 4.5.
From these optimal conditions, the construction
of multivariate regression equation for
simultaneous determination of COD and nitrates
was conducted. Based on the analytical results
of 10 pseudo samples selected from principal
component regression model, there was a
similarity between the receired experimental data
and the given concentration in a range of relative
errors (permitted to be below 15%). Therefore,
itis concluded that using multivariate regression
analysis has a high recovery performance and
consistent results as compared to the univariate
analysis method, and is possible to apply for the
analysis of waste water samples in reality.

Keywords: COD, multivariate regression, NO,.

Classification number 1.4

c4u tir chinh (PCR) dé xay dung dudng chudn da bién,
tor d6 xac dinh ham Iwong cac chi tiéu cd trong nudc
thai.

No6i dung nghién ciu
Héa chdt, thiét bi

Méy trac quang UV-Vis 1650PC - Shimadzu (Nhat
Ban), dai budc song do 190-900 nm. Cac thiét bi, may
moéc khac: may do pH, can phan tich, buret, b cat dun
h6i lwu, may rung siéu 4m, may pha mau COD... Phan
mém Matlab7.9: chuong trinh hdi quy da bién tuyén
tinh PLS, CLS, ILS va PCR; phan mém xt Iy thong ké
Origin7.5 va MINITAB16. Tt ca cac hoa chit dugc sir
dung 13 hod chét tinh khiét phan tich. Dung dich chuén
gbe NO, 1000 mg/l (tinh theo N-NO,) duoc chuan
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bi bang cach: can chinh x4c trén can phén tich 7,2143
(£ 0,0001) g KNO, (trude do da sdy kho tai nhiét do
105°C trong 2 h). Sau do6 hoa tan va dinh muc trong
binh dinh mirc dung tich 1000 ml. Dung dich dém c6
pH =4,5. Chét chuan dé xac dinh COD 1a KHPh. Dung
dich chudn KHPh 1000 mg/l d&é xac dinh COD: siy
dén khdi luong khong doi KHPh & nhiét d6 120°C, can
850 mg KHPh, hoa tan va dinh muac trong binh 1000
ml.

Co sé ciia phwong phdp xdc dinh dong thoi bang
thudt todn hoi quy da bién

Trong nghién ctru ndy, tin hiéu do dudi dang do hip
thu cia KHPh va NO, trong cic hdn hop mau chuan
(ma tran tin hi€u phan tich Y) c6 moi quan hé tuyén
tinh voi ndng d6 cia KHPh va NO, cung ton tai trong
mot dung dich (ma tran nong d6 X) theo phuong trinh:
Y = kX + C. Trong do, k 1a ma tran hé sb hoi quy cua
phuong trinh, C 14 ma tran sai sé ctia mé hinh. Dé xac
dinh néng do ciia KHPh va NO, trong cung mot dung
dich, trudc hét can xdy dung dugc phuong trinh hoi
quy trén. Ttr ma trdn X va ma trdn Y tuong tng, c6 thé
ding cac thuat toan nhu CLS, ILS, PLS hay PCR dé
xéac dinh ma tran hé sd k; trén co s& danh gia duoc ma
tran sai s6 C s& lua chon duge md hinh phu hop dé ap
dung, tir &6 khi d4 c6 tin hiéu phan tich ciia mau cu thé,
ta c6 thé tinh duoc ndng d6 cia COD va NO, trong
dung dich d6 dwa trén phuong trinh hoi quy da xay
dung dugc.

Quy trinh phan tich

Pha cac dung dich chuén chira dong thoi KHPh va
NO, ¢o nong do trong khoang tuyén tinh, ghi d6 hap
thu quang cua cac dung dich nay trong dai budc song
190-300 nm. Cach chuén bi mdi dung dich nhu sau:
chuan bi céc binh dinh mic dung tich 25 ml. Sau d6
thém vao mdi binh dinh mic 5 ml dung dich dém van
niang ¢6 C = 0,01 M va pH = 4,5. Thém V, ml dung
dich chuan dé xac dinh COD va V, ml dung dich NO,".
Dinh mic dén vach mirc, sau 10 phit do do hap thu
quang. Puong chuan da bién va cac bo dir liéu du doan
dugc xay dung trén ma tran d6 hap thu quang cua 25
mau chuin va 10 mau kiém tra chira ddng thoi KHPh
vaNO;.

Nhép s6 liéu ma tran nong do cac chat va ma tran
tin hiéu do vao phan mém Matlab, chay churong trinh
tinh toan ma tran hé s6 hdi quy trén phan mém va sir
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dung ma tran nay dé phan tich COD va NO, trong
mau.
Két qua va thao luan

Khio sdt diéu kién téi wu xdc dinh dong thoi COD
va NO;

Phé hdp thu ciia cdc dung dich khi phéan tich COD
va NO;:

KHPh va NO," la nhiing chat tan tot trong nudc va
c6 d9 hap thy cao trong ving tir ngoai, vi vy ching toi
tién hanh khao sat phd hip thu cua hai chét nay.
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Hinh I: phé6 hap thu ciia COD, NO;va Pphé hén hop theo 1y thuyét va theo thc té

Két qua chi ra ¢ hinh 1 cho thiy, COD va NO, ¢6
d6 hap thu quang dat cuc dai & cac bude song tuong
unglai =198 nmva 205 nm. Dya vao phé hép thu
ctia cac chi tiéu chung toi nhan thiy c6 su xen phu giita
cac phd ciia COD va NO, v6i nhau nén khong thé xac
dinh riéng r€ tirng chi ti€u trong sw c6 mét cua chi tiéu
kia. Mat khac, do phd hap thy cuia cac chi tiéu c6 tinh
cong tinh nén chiing t6i str dung phuong phép hoi quy
da bién tuyén tinh d€ x4c dinh dong thoi COD va NO,,
trong dai budc song tir 190-300 nm tinh cong dat tot
nhat, sai sd giita 1y thuyét va thuc té nam trong khoang
sai sO cho phép. Vi vay, chung t6i chon dai budc séng
tir 190-300 nm cho céc nghién ctu tiép theo.

Anh hwéng cia pH va nong dé dém dén do hap thu
quang:

Anh hudng cia pH dén d6 hap thu quang cta hai
chi tiéu duoc nghién ctru trong khoang pH tir 2-11; voi
nong do ctia COD va NO, lan luot 1a: COD (KHPh -
3,0 ppm), NO, (0,5 ppm).
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Anh hwéng cia pH dén 46 hap thu quang cia
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Hinh 2: dnh huéng cia pH dén do hdp thu quang ciia COD va NO;

Két qua & hinh 2 cho thay, tai pH = 4,5 thi do hap
thu quang cta ca COD va NO déu cao nhit va 6n
dinh. Vi vay, khi xem xét vé d(_) nhay va do chon loc,
dung dich dém van nang véi pH = 4,5 dugc chon lam
moi trudng cho cac nghién ciru tiép theo.

Nong do dém ciing c6 anh hudng dang ké dén do
hap thy quang. Tién hanh khao sat anh huéng ctia ndng
do dém trong khoéng [5x104 2x10?2], hdn hop cua
COD va NO, c6 nong do lan luot la: COD 2,0 ppm,
NO, 0,5 ppm, dung dich so sanh 1a mau tring tuong
mg. Két qua thu dwogc cho thay, 6 hip thu quang dat
cuc dai tai nong do6 dém la 8x10° M. Nhu vay, trong
cac nghién ctu tiép theo, néng d6 dém duoc chon la
8x10° M.

Xdc nhdn gia tri sw dung ciia phwong phdp xdc
dinh dong théi COD va NO;

Xay dung phwong trinh dwong hoi quy da bién xdc
dinh déng thoi COD va NO;:

Phuong phap hoi quy da bién tuyén tinh CLS, ILS,
PLS va PCR xéc dinh dong thoi 2 chi tiéu COD va
NO; dua trén thuat toan binh phuong t6i thiéu st dung
pho toan phan. M6 hinh hoi quy dya trén ma tran nong
d6 gém 25 dung dlCh chuin chtra ddng thoi hai ciu tir
KHPhva NO, véi nong d6 o bang 1 trén co s& khoang
tuyén tinh cua timg cau tir da khao sat dudi cac diéu
kién tdi wu.

Bang 1: ma trgn néng dé hai cdu tir COD, NO; trong hon hop

Miu CcOoD NO,-N Miu CcOoD NO,-N
(ppm) (ppm) (ppm) (ppm)
1 0,5 0,2 14 1,5 0,2
2 0.8 0,5 15 3 0,6
3 0,5 0,5 16 45 0,3
4 1 0,6 17 3,5 0,4
5 2 1 18 5.5 0,25
6 4 0,5 19 6,5 0,45
7 5 0,8 20 3.5 0,75
8 6 0,4 21 1,5 0,35
9 5 0,7 22 2,8 0,85
10 3 0,5 23 6 1
11 2 0,8 24 2,5 0,6
12 4 0,9 25 3,5 0,2
13 2,5 1
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Mau tring dugc chudn bi nhu trén nhung khong c6
cac chi ti€u khao sat, thuc hién quy trinh phan tich nhu
phﬁn thuc nghiém. Luu lai Kkét qua dudi dang ma tran
(25x90) va chuyén sb liéu vao phan mém Matlab dé
tinh toan.

Pdnh gid tinh phit hop ciia phwong trinh hoi quy
da bién:

Chuén bi 10 binh dinh muc dung tich 25 ml, pha
cac dung dich hdn hop véi ndng do biét trude dé kiém
ching bao gdm 10 dung dich v6i ham luong khac
nhau, tién hanh quy trinh phan tich. Luu s6 liéu thu
dugc dudi dang ma trdn va chuyén vao phan mém
Matlab dé tinh toan.

Thuc hién tinh toan trén phﬁn mém Matlab véi 4
phuong phap: binh phuong tdi thiéu théng thuong
(CLS), binh phuong tdi thiéu nghich dao (ILS), binh
phuong tdi thiéu tfrng ph::fm (PLS), hdi quy céu tu
chinh (PCR) Céc két qua ndng d6 COD va NO trong
10 mau tu tao va sai s tuong d6i cua mdi phuong
phap thu dugc ¢ bang 2.

Bang 2: sai 56 tuong ddi cuia cc phwong phap: CLS, ILS, PLS va PCR

trén 10 mau gid ty tgo

| Nong Sai s6 twong d6i (%) Néng Sai sb twong aéi (%)
Miu | 9 )

cop | cus | ms | ps | pcr | No; | as | ms | ps | pcr
1 1| w701 | 3857 | 20 000 | 05 | 967 | 5534 | 2201 | 310
2 2 | 2008 | 4325 | 2501 | 1251 | 08 | 993 | 2027 | 250 | 523
3 4 | ost | asss | 1250 | 1285 | 05 | 622 | 234 | 200 | -1027
4 s | 747 | 3841 | 802 | 1247 | 09 | 1073 | 3487 | 333 | 168
5 4 | 12 | mor | s0r | 1075 | 03 | 3398 | 2929 | 1667 | 391
6 6 | 198 | 381 | 503 | 217 | 10 | 36 | 084 | 5001 | 009
7 30| 292 | 3103 | 333 | 1067 | 04 | 058 | 1965 | 502 | -533
8 | 25 | 75 | -1026 | 401 | <155 | 06 | -100 | 695 | -333 | 790
o | 45 |49 | c4d6 | 444 | 150 | 07 | 768 | 551 | 286 | 577
0 | 35 | 342 | 752 | 70| 7| 02 | 1632 | 1264 | 1001 | 724

Tir két qua sai s6 twong dbi tinh duoc ¢ bang 2 cho
thdy, phwong phap hdi quy da bién PCR cho két qua
kha t6t: sai s6 twong ddi (%) dao dong tir 0,09+15%,
nho hon sai s6 cho phép d6i véi cdp ham luong ppm
(15%), ndng dd COD va NO, tinh dugc sai khac
khong dang ké so vdi nong d6 da pha (sai sO tuwong
déi tinh theo phwong phap nay déu thudc khoang sai
s6 cho phep) Trong khi do, cac phuong phap con lai
déu mic sai s6 16n: CLS ¢6 sai s6 57,91%; 20,28%;
16,52% hay 33,98% déu 16n hon 15%; twong ty ILS
c6 sai s6 38,57%, 43,25%, 78,91% hay 55,34%... va
PLS c6 sai s 25,01%, 22,01%, 16,67%, hay 50,01%
déu 16n hon 15%. Mo hinh CLS, ILS va PLS ¢6 sai sb
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16n & mot sé mau c6 thé giai thich nhu sau: sai s6 cia
mo hinh PLS 1a do m6 hinh trung gian tim dugc chua
pht hop v6i hé 2 cau tir. Sai sé cua phuong phéap ILS
1a do chua chon dugc cac diém téi wu (cac bude song
t6i uvu ma tai dé loai trir dugc cac yéu t6 can tro dén
phép do phd hdn hop). Sai s6 ciia CLS 1a do chua loai
b6 duge hoan toan dai phd khong tudn theo dinh luat
Lamber-Beer va phd dong gop vao duong chuan cia
nhiing chat giy anh huéng. Do d6, khong thé ap dung
cac phuong phap nay.

Nhu vay, c6 thé ap dung phuong phap PCR dé xéc
dinh dér}g thoi COD va NO; trong cung hon hgp ma
khong can tach loai ching ra khoi nhau, day 1a phuong
phap phu hop dé phan tich cac ddi tugng moi truong,
dac biét giam sat nudce thai.

Két qud phén tich mau thue

Két qua thu duoc sau khi tién hanh xac dinh ham
lugng cua COD va NO, trong céc mau thyc theo hai
phuong phép riéng 1& va dong thoi nhu trong bang 3.

Bang 3: théng tin vé cdc mdu thwe phan tich

STT Tén miu Dia chi Thoi gian iy miu
Nude thai sinh hoat ¢ a0 Phu - Ngd 1194 - Phd Chia Lang 8h00-10h00 ngay
NTI Chua Lang Quan Déng Da - Ha Noi 29/42012
Dién tich ao: 3600 m?
Nudc thai sinh hoat 6 khutdp | Xa Ly Nhan - Huyén Vinh Tuong 7h00-9h00 ngay
NT2 trung nudc thai Tinh Vinh Phic 4/52012

Dién tich: 1600 m*

Nude thai sinh hoat & Ngd Triéu Khiic - Thanh Xudn - 8h00-10h00 ngay 6/5/2012

NT3 ho Triéu Khie Ha Noi
Dién tich: 1700 m’
Nudc thai sinh hoat ¢ song Duong Kim Nguu - 8h00-10h00 ngay 9/5/2012

NT4 Kim Nguu Quan Hoang Mai - Ha Noi

Két qua thu dugc sau khi tién hanh xéac dinh ham
lugng cua COD va NO, trong cac mau thuc té theo hai
phuong phép riéng 1& va dong thoi nhu trong bang 4.

Bdng 4: ham lwong COD va NO; trong cac méu nuée thai (@ tinh dén hé s6
pha loang) theo hai phwong phap

Phuong phap xdc dinh riéng ré (mg/l) | Phwong phép xc dinh ding thoi (mg/)
Miu
cop NO; (41))] NO;
| 3304£7.1 43+08 335,6£52 50208
RSD=2,0% RSD=1,7% RSD=0,6% RSD=0,6%
) 309,6£5,5 354£0,9 3252£65 37412
RSD=1,7% RSD=24% RSD=0,8% RSD=1,3%
3 350,748 325408 370,735 35610
RSD=1,3% RSD=2,5% RSD=0.4% RSD=1,1%
4 4206£52 508408 4504£58 5281+0,9
RSD=1,2% RSD=14% RSD=0,5% RSD=0,7%

13



Khoa hoc Tu nhién

So sanh két qua thu duge tir cac méu 1, 2, 3 va 4
theo hai phuong phap don bién va da bién ching toi
nhan thay: doi véi ca 4 miu ham lugng COD va NO,
xac dinh dugc theo hai phuong phap sai 1éch khong
dang ké, chimg to khong c6 su khac nhau ¢ ¥ nghia
thong ké gitra cac két qua nay. Tir ddy c6 thé két luan
rang, hoan toan co thé ap dung phuong phap hoi quy
da bién vao phan tich dinh lugng ham luong hai chi
tiéu chira trong cic mau nudc thai sinh hoat ma khong
can khao sat so bo ham lugng chi tiéu c6 chira trong
mau phan tich. Két qua nay ciing phit hop so vai cac tai
liéu tham khao [6], phuong phap PCR 1a phuong phap
pht hop dé phan tich cac déi twong moéi truong, dic
biét 1a giam sat nudc thai.

Két luan

Bai bao da tng dung phuong phap tric quang két
hop véi thuat toan hoi quy da bién dé xac dinh dong
thoi COD va NQ3' trong pudc thai sinh hpat. Pi tién
hanh khao sat diéu kién toi uu xac dinh dong thoi hai
chi tiéu. Dua trén két qua phén tich 10 miu gia lya
chon dugc mé hinh hdi quy céu tir chinh PCR phu
hop dé 4p dung vao phan tich cic mau thuc té véi sai
sb tuong ddi khi phan tich mau tu tao nhé hon 15%,
thoa mén sai sé cho phép. Xéc dinh gia trj sir dung cua
phuong phap hdi quy da bién dé tng dung phan tich
mau thyc cho thiy, phuong phap nay cho két qua phil
hop khi so sanh vdi phuong phap phan tich dO’l’l bién
nén hoan toan co thé ap dung phan tich cac mau nude
thai sinh hoat thuc té.
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