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In this study, we investigate some differences and similarities between the two widely used TOC oxidation
methods, ultraviolet persulfate (UVP) and high temperature combustion (HTC) oxidation method in terms of
standard parameters, the oxidation efficiency of organic compounds and the effect of suspended solid (SS) par-
ticles. The UVP method yields about 2?3 times better precisions with lower detection limits and showed higher
values of TOC (>13%) in the sewage effluent samples (TOC = 2~6, SS = 2~6 mg/L), compared to HTC. On
average, both UVP and HTC methods yield good TOC recoveries (>95.8%) for 12 organic compounds, except
some chemically recalcitrant molecules (Congo red, Caffeine, Lignin etc.). Comparison of TOC values for the
water samples containing sewage sludge particles (SS = 10~50 mg/L) confirmed that the HTC method is pre-
ferred in the TOC analysis for the samples containing more than 10 mg/L of SS particles, in which the TOC
recoveries (%) for the samples are 61.5+3.8% for HTC and 22.6~51.6% for UVP, respectively. The results of
this study demonstrate that the two different TOC oxidation methods yield comparable results when analyzing
typical environmental water samples containing low concentration of SS (i.e., <~6 mg/L), and the effect of SS
particles was discussed with regard to improving the measurement efficiency of particulate organic carbon
(POC) in water.
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Table 1. Organic compounds used in this study and their TOC recovery (%) obtained by the two oxidation methods (UVP

versus HTC)

Organic compound Molecular TOCZ TOC,’ TOC recovery(%)°
formula (mg/L) UVP HTC UvP HTC
Potassium phthalate (KHP) CgH;0,K 470.1 4748 4744 101.2 101.1
Urea CO(NHy), 199.8 203.8 205.8 102.1 103.5
L-glutamine(L-Gt) CsH,oN,04 411.0 423.3 423.4 103.3 103.2
Glucose CeH 506 400.0 379.6 360.7 94.9 90.2
1.10-phenanthroline (1.10-Phe) CoHgN,-H,O 7273 807.3 825.8 111.2 114.3
Sucrose C,Hy0py 420.7 401.3 386.5 95.4 91.8
L-glutamic acid (L-GA) CsHyNO, 407.8 363.4 374.9 89.1 92.0
Congo red C3yHyyNeNa,0,S, 551.2 399.6 4775 72.5 86.6
Lignin CoH,,0, 720.0 413.3 651.6 57.8 90.5
Caffeine CgH,oN,O, 494.4 415.8 549.4 84.1 111.4
Butyricacid (BA) C,Hg0, 544.8 561.1 574.7 103.3 106.2
Valeric acid (VA) CsH,,0, 587.5 585.1 609.5 99.6 104.1
Aldrich HA (AIHA) 47.84 531 374.9 444.0 70.6 83.6
Suwannee river HA (SRHA) 52.64 502 378.5 418.7 75.4 83.4
Suwannee river FA (SRFA) 52.44 452 474.6 452.0 105.3 100.1
Range of TOC recovery (%) 57.4~111.0 83.4~113.5
avg. = sd. (%) 90.9+15.6 97.3+9.6

*TOC,: theoretical value of total organic carbon, bTOCm: measured value of total organic carbon, “TOC recovery(%) =

(TOC,/TOC,)x100: organic carbon contents(%)'"
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Table 2. The settings of the TOC instruments used in this study

Instruments (Oxidation method)

Uvp

HTC?

Digestion mode

Wet chemical oxidation by
UV (254 nm)/Persulfate

High temperature
catalytic combustion

Temperature 60°C 900°C
Carrier gas High purity N, High purity O,
Detector NDIR NDIR
Reactor UVC radiation + Na,S,04 combustion tube + Pt
Injection volume 5.0 mL 0.25 mL
Injection dwell time 10 s 10 s
Sample purge time(N,) 5 min 5 min
Tubing diameter (i.d.) for 400 um 400 pm

sample inlet

aAsh finger installed to prevent the ash produced in the reactor from contacting Pt catalyst.
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Table 3. Results of method detection limit, accuracy and precision evaluated for the two different oxidation methods

Instruments Method detection limit (mg/L) Accuracy (%) Precision (%)
(Oxidation method) KHP? Field® sample KHP® Field sample KHP* Field? samples
UVP 0.05 0.09 98.5 - 1.8 1.7~-2.8
HTC 0.14 0.23 103.2 - 4.2 4.0~6.8

aPotasium hydrogen phthalate (0.5 mg/L), "Obtained from seven sub-samples of a sewage effluent (ca. 1.2 mg/L),
“Potasium hydrogen phthalate (5.0 mg/L), %Obtained from five samples of sewage effluent (1.4~6.0 mg/L).
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Fig. 1. Comparison of TOC values (mg/L) for the organic
compounds (UVP versus HTC).
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Fig. 2. TOC recovery (%) of the organic compounds.
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Table 4. Results of TOC analysis of the sewage influent and effluent samples

Samples SS UvPp HTC
(mg/L) TOC (mg/L) TOC (mg/L) DOC (mg/L) POC® (mg/L)

sl 34.0 28.4+3.1 36.1+3.7 19.4+1.5 16.7(46.2)¢
12 48.6 41.5+2.8 52.2+4.1 27.1x2.0 25.1(48.2)
I3 54.0 51.7+3.5 66.2+3.0 32.1+1.8 34.1(51.5)
14 116.1 49.4x2.2 77.8x2.9 25.0x2.1 52.8(67.8)

Avg=xs.dd) 42.8+10.5 58.1+18.0 25.8+5.2 32.2(53.4)
PE1 24 2.8x0.2 2.3x03 1.8+0.2 0.5(21.3)
E2 2.0 43+0.3 3.2+04 29=0.1 0.3(10.0)
E3 4.8 5.0x0.1 5.1x+0.3 3.8%+0.1 1.4(26.4)
E4 5.5 6.3+0.2 5.6+0.4 4.1+0.2 1.5(27.4)

Avg=+s.d(E) 4.7+1.5 41+1.6 3.1+1.0 0.9(21.3)

3Sewage influents, "Sewage efluents, “Calculated by subtracting DOC from TOC, 9The parenthesis indicate percentage of

POC.
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Fig. 3. Comparison of the TOC values with respect to the
SS concentration with the sewage sludge particles
(UVP versus HTC).
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Table 5. TOC recoveries for the suspended sewage sludge particles in water (UVP versus HTC)
SS concentration UVP HTC?
(mg/L) TOC,, (mgL) SD (mg/l) *Recovery (%) TOC, (mg/L) SD (mg/L) ?Recovery (%)
5 0.98 0.21 51.6 1.07 0.61 57.9
10 1.55 0.18 40.8 2.19 0.54 57.6
20 2.51 0.30 33.0 4.65 044 61.2
30 3.22 0.33 28.2 7.23 0.60 63.4
40 4.25 0.27 28.0 10.0 0.43 65.8
50 4.30 0.31 22.6 12.2 0.54 64.4

¥TOC recovery(%): (TOC,/TOC,)x100, where TOC, was obtained by multiflying SS concentration (mg/L) with the
organic carbon contents (OC, 41.9%) of elemmetal analysis (EA) for the sewage sludge samples.
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(TOC,=0C(%) x SS(mg/L)oZ =Z3% TOC 3]+&
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