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Abstract

A novel chemiluminescence (CL) system for determinatiopermanganate index (CQf) combined with flow injection analysis
has been proposed in this study. On the basis of the chemidsmént reaction of luminol-KMnQsystem, light emission caused
by luminol-KMnO, system was detected by the photomultiplier tube, and iensity caused by the appearance of KMredter
sample digestion was inversely proportional to GgDEffects for COLy, determining such as pH, concentrations and interference
were investigated in detail. A detection limit of 0.3 fadCODy, with a linear range of 0.3—-200 migfor its theoretical CORy, was
obtained under the optimized experimental conditions.rélaive standard deviation was 4.3% for 5.0/mGODy, (n=11). This CL
flow system for determining CQlp was simple, rapid, and suitable for automatic analysis. ddta obtained by the present method
were fairly in good agreement with those obtained by thedstethtitrimetric method. It has been applied to determirs samples
with satisfactory results.
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I ntroduction polluted water bodies with oxygen demand of organic
pollutants> 30 mgL, such as industrial wastewater. The
Up to now, chemical oxygen demand (COD), which canlatter serves the purpose of monitoring organic pollution
indicate the level of pollution for water contaminated byin surface water (GB 3838-2002, 2002) and ground water
reductive pollutants, is the main determinant used to asse$GB/T 14848-93, 1994) with the range of the oxygen
organic pollution in aqueous systems and is one of the mostemand of organic pollutants from 1.0 to 15.0 /ing
important parameters in water monitoring (APHA, 1989).However, the conventional methodologyffeus from a
The standard reflux titrimetric method (APHA, 1992) for series of drawbacks: (1) the analysis time is too long;
COD determination consists of oxidizing organic matter ofincluding digestion time and titration time; (2) handlirsy i
the sample, adding a known amount of oxidant, reflexingalso considerable, thus increasing the probability ofrerro
at high temperature on open containers and titrating thand the reproducibility of the results are dependent upon
excess oxidant. On the basis of the oxidizing agents usethe operator skill; (3) there is a quite high consumption of
the standard COD methods can be classified into either thehemicals; (4) several inorganic species cause interferen
dichromate method or the permanganate method. Due tan this method; (5) back-titration after sample digest®n i
its higher degradation degree toward a wide range of than insensitive method of detection. Therefore, it is neces-
organic pollutions, the standard dichromate method wasary to develop low-cost, simple, automated and easy to
widespread used and more popular than the latter. Howewnaintain COR, and COLRy, analytical instruments with
er, the standard dichromate method has several drawbacksgher sensitivity and broader linear range for quality-con
i.e., a time-consuming (2—4 h) reflux process, expensivaol. These &orts mostly focus on the improvements over
and highly toxic reagents, and so on. Therefore, thdoth digestion and analytical methods. For example, some
standard dichromate method has been abandoned in Japagports have been published concerning the application of

In China, the standard dichromate method is designateshicrowave radiation as a heat source fof the determination
as COLR;, (GB 11914-89, 1990), and the permanganatef COD¢, and these methods have drgmatically reduced
method is designated as permanganate index (@®PD the heatingtime (Cuesthal., 1996; Balcqnet al., 1992).
(GB11892-89, 1990). The former is mainly used for as-On the other hand, some new analytical methods have
sign the oxygen demand of organic pollutants in heavilybeen reported for determination of COD, including sgec=
trophotometry (Jirka and Carter, 1975; Joeeal., 1985),
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atomic absorption spectrophotometry (Cuest., 1998), 1.1 Chemicalsand reagents

photocatalytic degradation method (Kenal., 2001) and All the chemicals were of analytical reagent grade. All
photoelectrochemical method (Zha&bal., 2004; Zhang . lalytice gentg ’
the solutions were prepared with distilled water.

e al., 2006), etc. Among these analytical methods, spec- Digestion solutions were prepared as described in the

trophot_omgtry is the most common detector used in CODstandard method (GB11892-89, 1990) for the titrimet-
determination. However, some inherent problems of these N )
systems with spectrophotometer measurements are rreIC method, containing: KMn©0.01 moJL; NaOH 1.0
ystem. _Spectrophotometer meas PIolL; H2S04 (H2SOu:H,0 = 1:3); N&C,04 0.01 mofL.
sented: (1) to increase the oxidizing ability of reagents an : T

. o Furthermore, stock solutions of the chemiluminescence
decrease the digestion time, these systems are heated sa as

to produce bubble, and the signals are frequently unstabréeagent such as 0.01 nolluminol (Fluka, Czech) (pH

due to bubble formation (Balcoei al., 1992); (2) samples =12.0)and 0.1 m¢!. EDTA. were prepared, respec_uvely.

. : - ; . Glucose (Shanghai Chemical Reagent Plant, China) was
showing high turbidity are not suitable for this method sed as the COR, standard substance (Westbroke and
due to serious interference (Jirka and Carter, 1975); (

the systems lack enough sensitivity so that the Systemsemmerman, 2001). All the glucose standard solutions

need rather long digestion time and are not suitable for thwﬁgﬁéggﬁg th:yO%pp\;gﬁlj réaitseldolll;)o ?L?];:;e 12()0%;“'4 9
samples with low COD; (4) the linear range of the system " v '
is narrow, so the application of the systems is limited. 1.2 CODwp, determining procedure

Flow injection chemiluminescence (CL) is known to Water samples were digested following the procedure of

be a powerful analytical technique that promises higk&he standard method (GB11892-89, 1990) throughout the
sensitivity, fast response time, extensive dynamic rangeanalysis Solutions of KMn@ H SO’ and water sample
and use of simple and inexpensive of instrumentation eas p glucoée were mixed with appzrop?iate ratio

to set up a rapid reproducible means of detection. Al The oxidation reaction was carried out for 30 min. After
these advantages have allowed the method that has be&@estion 1.0 ml of water sample was diluted to 50 ml

conveniently used in the determination of many morganlcusing distilled water for next experiments.

and organic compounds in environmental samples. Re- L
. - e The home-made flow-injection (FI) system used for
cently, based on the high selectivity and sensitivity of o . ) : )
CL analysis is shown in Fig.1. Peristaltic pump and

H 1 1 1 - +
chemiluminescent reaction of luminol,8,-Cr3* system, flow cell were purchased from Ruimai Company (XP'an,

a low cost chemiluminescence detector with a photodiode,, . :
instead of photomultiplier tube (PMT) has been successful(?Chma)' Poly tetrafluoroethylene (PTFE) tbe (0.8 mmi.d.)

' o was used as connection material in the system. Injection
ly developed for environmental monitoring of CQDby ; . S I
) : : was made using a six-way injection valve equipping a
measuring the appearance ofCafter sample digestion

using a laboratory-built portable photodiode Iuminom,etersample loop of 8Qu. Flow lines were inserted into the

. . . dEDTA-NaOH, luminol, carrier (double-distilled water) and
which was proportional to the chemical oxygen deman standard solution or sample solution, respectively. The
(Hu and Yang, 2004). Liet al. (2003) introduced a P ' P Y-

L . inatiofUmps were started to wash the whole system, then, the
chemiluminescene system for automatic determination .

. lyminol, EDTA-NaOH and carrier solution were pumped
of .chem|cal_ OXygen demaqd (the permanganate met-ho a flow rate of 3.0 nfinin. The colorless glass coil (i.d.
using flow injection analysis. In this system, potassmmz 0 mm, total diameter of the flow cell of 4 cm without gaps
permanganate was reduced to¥which is first adsorbed '

on a strongly acid cation-exchange resin mini-column an(?etween loops) was placed in front of the photomultiplier
gy . -nange resl .fube (Binsong, China). The PMT was operated at —843
concenreated during chemical oxidation of the organi

compounds therein at room temperature, while excessi\‘/i/ and photocurrent was magnified by a signal magnifier

Gy pases g he rin-colu o bevast, e 7105 UM, O 20 e oo st 2
the concentrated M is eluted reversely and measured by P y N P

the luminol-HO,-Mn?* CL system and photomultiplier Software Ltd., Shanghai, China).
tube. 1.3 Methods

In this study, the flow injection-CL method, based on
the KMnQOy-luminol reaction instead of the luminol-B,-
Mn?* CL system, was developed for permanganate index
analysis. The conditions of chemiluminescence detection P I\
of CODyn samples were optimized under flow injection-
CL mode. This flow injection-CL system for determination
of COD is highly accurate, simple, and fast, and easy

Itis clear that the digestiorfiéciency of organic material

( Waste

W aQw

PMT

to be automated. With this new method, results for real

water samples are well correlated with CDvalues @
determined using the conventional titrimetric method{per FC l
manganate method).

Wast

Fig. 1 Schematic diagram of FI-CL system. S: sample; C: carrieQ}
L: lumimol; P: peristaltic pump; IV: injection valve; [FC: flocell; PMT:
photomultiplier tube; E: EDTA-NaOH.

1 Experiments
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in samples mainly lie on the digestion process. To ensure

organic material in samples digest completely and obtain 2800 -
the best reproducibility and accuracy, the standard diges-
tion procedure is still chosen in the following experiments 2400 |-

Under these conditions, susceptible organic material is
oxidized to carbon dioxide and water, and the KMn®
reduced to MA* ions:

2000 —

AMNO; +5C+ 12H* = 4Mn®* +5CO, + 6H,0 (1) 1600 |-

During the digestion process, we found that the 1200
manganous ions could react with MgOions in the

solution to form brown precipitate of manganic oxide

Relative CL intensity (mV)

800

(MnOy):
2MnO; + 3M?* + 2H,0 = 5MnO; + 4H* 2) 400 -

The total reaction is therefore given by: _; l_ L "_4|
4MNnO; +3C+ 4H* =4Mn0; + 3CO; + 2H,0 3) Time (min)

. . . . ) Fig.2 CL signals of 10 mg. CODy, standard sample. Condition:
After oxidation, the excessive KMnQ which is re-  digested with standard method; dilution: 50 times; flow :ra3e0

versely proportional to the CQR), is determined by the mi/min; Ciuminoi=1.0<10"3 mol/L. (pH=12.0); CepTa=1.0x10"2 molL;
home-made CL detection system: Cnaor=0.1 mofL; Ccony, =10 Mgl

MnO; + luminol — hv + production (4) precise detection of CQR value. The &ect of luminol
concentration on the CQJp detection was investigated.
The signal of CL output of the PMT is amplified and We found the CL intensity increased with the increas-
recorded by a computer. It has been demonstrated by Westig luminol concentration until reached a maximum at
broke and Temmerman (2001), that in a certain conditionabout 3.10°3 mol/L. Because an increase in luminol
the CL intensity of luminol-KMnQ reaction linearly in- concentration led to an increase in both the sigBabtd
creased with an increase of KMp@oncentration. Herein, baseline noiseR), similar signal-to-noise raticSr) was
the light intensity is proportional to the excessive MnO  achieved with the luminol concentration from 103 to
concentration, which is in reverse proportion to G@D 3.0 x10°3 mol/L. The luminol concentration was set at

value of samples. 1.0x1072 mol/L for further work, because of lower reagent
consumption and enough CL sensitivity could be obtained
2 Results and discussion as shown in Fig.2.
Itis well known that luminol CL reaction depends on the
2.1 Optimization of FI-CL systems reaction area pH. In the experiments, the final reaction area

) _ ) pH was controlled by adjusting the NaOH concentration.
~ As mentioned above, the standard digestion proceduigs shown in Fig.3a, the NaOH concentration that gave the
is chosen in the experiments. Obviously, the KMr®on- g eatestintensity for all COf, studies was 0.1 mdl. For
centration should appropnately increased with inCre@sin ¢ yenience, EDTA solution was mixed with NaOH solu-
the glucose concentration or the Cfapvalue of the g for the aim to avoid theffects caused by metal ions,
samples, because iffacted the digestion reaction. Higher 54 EpTA concentration should be as high as possible for
concentration of KMn@was also used to extend the linear practical application. Fig.3b shows théiet of the EDTA
range of COLn detection. However, because of more o the analytical signal. At the concentratiod.01 molL,
brown precipitate of Mn@ production for the samples g opyious éect on the CL signal has been observed. The
with higher CODun value, at the concentration8.0 X | intensity began to decrease if the concentration become

1072 mol/L, the stability of CL signal was ingficient for higher. Then, the EDTA concentration of 0.01 fiolvas
precise determination of CQR}. Moreover, as shown in chosen as optimum.

Fig.2, even though the digested sample 19lnu§ CODwin When equal molar luminol and KMnQwere mixed, the

was diluted 50 times, the CL was sensitive enough ang jntensity increased with flow rate. For a good precision,
suitable to perform a determination of CQR Therefore, |5,y reagent consumption and high signal-to-noise ratio,

a KMnO, concentration of 8.& 10°3 mol/L was chosen flow rate of 3.0 mimin was chosen to cafry®, luminol

in this system. _ solution and EDTA-NaOH solution, respectively.
For optimization, the standard glucose solution (the

theoretical CO, value is 10 mg) was used for investi- 2.2 Interfering effects
gating operating condition of the proposed system taking

operational convenience. The concentration of luminol, When EDTA was adding into this system, the addttio
EDTA and NaOH were all optimized for the sensitive andof the following metal ions: N& K* (5x10°F mol/L); Ag*,
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Fig. 3 Effects of the NaOH (a) and EDTA (b) concentration on CL
intensity. Conditions: flow rate: 3.0 ymin; Cuminoi=1.0x10"3 mol/L
(szlz-O);CCODMn =10 mgL; CEDTA:l.OXJ.Uz moI/L in (a); CNaOH =
0.1 mojL in (b).

Cd*, CU, PP+, Zr?*, Mg?* and C&* (2.5x10°2 mol/L);
Fe*(1.0x10°2 mol/L); Cr3*, Ni%* (5x10~* mol/L); Co?*
(2.0x10°3 mol/L); Mn?*(1.0x102 mol/L) had no efect
on the analysis of standard sample with 10/imGODyp,.
Usually, the concentration of metal ions such ag'Cand
Cr¥* in surface water and ground water are lower tha
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bration graph of relative CL intensity,(mV) vs. CODQy;
was linear in the range of 0.3—200 fhgvith the regression
equation ofl = —11.893COLy, + 3009.8 ( = 0.9953).
According to International Union of Pure and Applied
Chemistry (IUPAC), the detection limit was determined for
three times with the standard deviation of the blank signal
as 0.3 mgL. The relative standard deviation was 4.3% for
5.0 mgL CODwp, (n =11).

4000 —
3000

2000 [—

1000 —

Relative CL intensity (mV)

0 \ | |
0 100 200 300

CODwy concentration (mg/L)

Fig.4 Standard curve of COf,. Conditions are the same as that in
Fig.3 except for COR), concentration.

2.4 Analysis of real samples

Real water samples were collected fronffelient sur-
face water resources (Huazhong University of Science and
Technology, China). All samples were taken at a depth of
50 cm and kept below 4°C until use. In Table 1, the COD
value of the five real wastewater samples obtained using
the proposed method and conventional titrimetric method
(permanganate method) were compared. The GORI-
ues of real samples determined by this method agreed well
with the standard titrimetric method.

Tablel Comparison of CL method and standard method for GRD
determination

the interfering value in the above tested samples. So the

interfering dfects caused by metal ions could be avoided
successfully by adding EDTA into this system. In this caseg
the cations in the water sample would not interfere withs
the determination of COfg, for surface water and ground 5

Sample COlyn, (standard CORn (CL Difference*
No. method) (mg.) method) (m@l) (%)
26.20 26.72 1.98
19.06 18.05 -5.30
10.08 10.26 1.79
7.93 7.44 —6.18
7.13 7.31 2.52

water analysis. Another importantinterference in therdete *cobwy, (CL method)-COR, (standard method)FODun (standard
mination of COLy, is chloride ion (Ct). For the standard methodx100%.

sample (10 mf. of CODyy), (5x10°3 mollL CI- was
found that to be tolerable concentration ration). Clearly,

the CL method has a good selectivity, and ion-exchang8 Conclusions

resin mini-column and its procedure described in literatur

(Li et al., 2003) have been eliminated successfully in our A novel CODy, analytical method has been proposed

experiments, which therefore, made the Ggneasuring

and experimentally valid. The developed method has also

device simpler and cheaper.

2.3 Linearity, detection limit and relative standard de-

viation

Using glucose as standard sample, as shown in Fig.4j., 2003) are eliminated successfully, t
under the optimum conditions described above, the calicODy,, measuring process and device s

been successfully applied to determinat
al samples. The first advantage of this p
that the filtering procedure (Hu and Yang
ion-exchange resin mini-column and its

P the (oI re-
roposed method is
, 2004)(H and
procedurediLi
nerefore made:ttie
mpler. The setond
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is that this method has high selectivity. Moreover, because  absorption spectrometnpnal Chim Acta, 372: 399-4009.
water samples are digested following the procedure of thEaswaramoorthy D, Yu Y-Ch, Huang H J, 2001. Chemilumines-
standard method, the principle of this proposed method  cence detection of paracetamol by a luminol-permanganate
for CODw, determination is therefore the same to the  based reactiornal ChimActa, 439: 95-100.

standard titrimetric method, then, the correlating praged CGB 11892-89, 1990. Water quality-determination of Perman-

is unnecessary. Finally, the method is sensitive, which is ganate mdex._The State Environmental Protection Admin-
istration of China.

capa_ble of detecting as low as 0.3 fngThe linearity GB 11914-89, 1990. Water quality-determination of the cicain
of this method covered the range of 1.0-10.0/lmand oxygen demand-dichromate methdthe Sate Environ-

2.0-15.0 mg. CODw, from the first to fifth grade quality mental Protection Administration of China.

water for ground water analysis (GB14848-93, 1994) GB 3838-2002, 2002. Environmental quality standards for
and surface water analysis (Environmental GB 3838-2002,  surface waterThe Sate Environmental Protection Admin-
2002), respectively, directed by the environment quality istration of China.

standard of China. The method is also environmentallysB/T 14848-93, 1994. Quality standards for surface waltbe

friendly, robust, rapid, and easy to be automated. Sate Environmental Protection Administration of China.
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