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Aldehydes; Ketones, and Ketoacids Produced During Ozonation of NOM Fractions

Isolated from Filtrated Water

LU Jin-feng, ZHANG Tao> MA Jun, CHEN Zhong-lin, WANG Qun, SHEN Ji-min
(School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: Natural organic matter (NOM) in the filtrated surface water from a water treatment plant was isolated and fractionated into six types
of fractions. These fractions were ozonated at typical ozone dose and reaction time. The yields of several small molecular ozonation by-
products, such as, aldehydes; ketones and ketoacids, were monitored after ozonation of the individual NOM fractions. The results showed that
formaldehyde and pyruvic acid had the maximal yields among the aldehydes and ketoacids, respectively. Hydrophobic neutral (HOND produced
the most significant yield of the ozonation by-products with the specific yield of formaldehyde up to 70.58 % of the specific yields and pyruvic
acid being 103.2 pg/mg. The hydrophobic NOM fractions produced higher yields of these by-products than the hydrophilic fractions. For
example,; HON and hydrophobic acid (HOA) produced much higher yields of the ozonation by-products than other fractions. Aldehydes and
ketones from HON and HOA and ketoacids from the two fractions accounted for 55.56% and 60% of the ozonation by-products from all the
NOM, respectively. Lower production of these by-products was also observed for the basic fractions compared to the acidic and neutral ones.
HON and HOA were more biodegradable after ozonation, because their ozonation by-products contributed much higher amount of DOC to the
final DOC after ozonation.
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Table 1  Characteristics of the isolated NOM fractions

. #45r DOC Fir SUVA AR 23
NOM 4143 o =
i ot 7> 5 % /LeCmemg) ! T
HOA 49.60 2.51 200 ~ 1 600
HON 46.16 1.60 200 ~ 900
HOB 0.38 0.85 200 ~ 900
HIA 2.46 1.88 200 ~ 1 000
HIN 1.16 0.83 200 ~ 900
HIB 0.24 2.02 200 ~ 800

1)SUVA: BA7 DOC XK 254 nm L AN IIBIAE, BRI UVysy/
DOCCHEAL UVysy BA m~ 111

2.2 SUESALRT NOM %414 DOC A1 SUVA 520

PR IE , pH PRS0, 28408 i 2R R
SR HIG , DOC BG4 B, A5 i 2wy L7,
UV B R B AR Sz, NOM #4190 4 0,
%4k 5, HOA, HOB #1 HIB ) DOC F#{%, L+ HOB
Pk i 2, 18 18.6% > fi HON, HIA, HIN 1] DOC {E B
A I (3R 2D, 3X AT R A S AU AT K 2 7748 1/
A3 T B A AT AE TOC W 52 43 B K HE 1 2
W R DOC A B3, 4 0, A Ak)E NOM %
2143 (kR HOB F1 HIN #1) [ SUVA {1 34 K i B, B
5 7 15 S5 AR R 3 A S i W S BRI, PIT B, B4R
A EEE A T NOM 215 Hh K e i
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Table 2 Variation of DOC and SUVA of the NOM fractions after ozonation

ys DOC/mg*L"! SUVA/L* (m*mg) "'
FAn AAE bR e FAET A R %
HOA  3.606 3.274  9.21 2.00  1.07 46.5
HON  3.882 3.926 -1.13 0.90  0.41 54.44
HOB  2.825 2.299  18.62 .10 1.00 9.09
HIA 3751  3.814 -1.68 141 0.63 55.32
HIN 2262 2.681 -18.52 031 0.30 3.23
HIB  3.42 3.19 6.5 .84 0.91 50.54

2.3 NOM #2173 S A J5 A B 1 I 25
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B, m/z =181 MICCFsCH, D ™ 3 718 W d i, 1%
BT IR A2 R W AT AR A0 (0 SR Ak S ) A7 A BRI
AL DS, i OV (M—OHD "« (M—NOD* - (M—
CH, Co F5 ) SR AIE 25 1 (1) 47 5 W o] 1 o2 B IEAL 5
(1) 37 5 R0 40 1 G5 460 A 90 R FH I 5 v R I NOM
TN 0, BALE WY h AT F R LRSS 8 B
[ENTE/]
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Table 3 Aldehydes and ketones detected after ozonation
products from the NOM were derivatized with PFBHA

ok ARXT R/ % ﬁ(% i
(D* (M—0H)*  (M—NO)* (M—CH,CeFs)*  [M/min

i 0 0 13 0 8.528
LR 2 0 14 6 11.818
P ? > 5 5 14.069
Pk 7 8 5 6 14.178
T 7 7 0 8 16.145
=R 38 0 0 0 25.409
Lot 19 0 0 0 38.641
HE2-8 7 0 0 0 39.041
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Table 4 Yields of aldehydes and ketones from the NOM fractions after ozonation

ma 7 7 I fuge 1! 7 7 SUVA M 7= 4 LURE R = %2
FH L PR L Lz /L*(m*mg) ! /pgemg™! /Leg™!
HOA 201.9 23.4 36.7 41.6 4.9 2.00 96.6 47.5
HON 479.4 17.3 57.0 55.6 70.1 0.90 175.0 86.0
HOB 19.5 17.1 14.1 18.1 16.9 1.10 30.3 14.9
HIA 169.4 21.5 18.5 41.7 38.0 1.41 77.1 37.9
HIN 86.9 15.7 21.8 34.2 2.6 0.31 71.2 35.0
HIB 51.7 17.6 24.0 36.5 2.5 1.84 38.6 19.0

DR % (ugemg ™1 AREHAL DOC 1) NOM 4153 (Lhmge L1 U128 SLE A J5 7= AR 10 /N 3 5~ I (R0 B2 (LA pge L= V0D, FEIAA A 2 pge 171/
(mg*L™D), Wlpgemg™"s 2D LUIEER = 26 /e g~ 1 : 4R HLA7 DOC 1 NOM 4153 (Lhmge L~ IO Z S IR JE S A hmge L™ MDA G = 2R 1/ 43 7 88

B B Bl pge L1 0ED AL A : pge L7/ Cmge L e mge L1, HlLeg™!

£S5 NOM EHNERAFIFEEEM L=
Table 5 Specific yields of aldehydes and ketones

from the NOM fractions after ozonation

WAy L= Leg ! A ,
FH LI L LR WAL
HOA 27.5 3.2 5.0 5.7 6.1
HON 60.7 2.2 7.2 7.0 8.9
HOB 3.4 3.0 2.5 3.1 2.9
HIA 22.2 2.8 2.4 5.5 5.0
HIN 18.9 3.4 4.7 7.4 0.6
HIB 7.4 2.5 3.4 5.2 0.4

NOM #2774 0,584 )5, R 7= % i K, 4
e HON ) FH I 7= 2 2 JL T Wi S 77 2 11 70.58 %
(£ 5).Glaze LRI 0, B4 NOM FIZKFE, HI
77 K 2 i LA 2 7 B 10 AN, AR
PRI by > £ 8 > I 8 > A >
LT . Weinberg 7F B4 5 (0,/TOC ) A 1
I, 75 30 S0 R SR AR G B 27 2 P 4y - F I > &
TS OWE > L T S C—C B — IR I
LS, ARG 45 AT AN

UEAh, NOM #2173 v, 1 7K 1 21 43 1) 1 i 7
LSRR YA 23 1 5, SRR 2 HOA FT HON ) 18 i
PR R (R 4), 3 Z R £ 6 B NOM 4143 11
P I 5 77 K 55.56 % » 1% AT fE A& A B AT I AN Al
R R, 5 0, 540 R, 34k 25 R K 44
Hh R IR K A LA 2 4 ) SR A S N 1 R )
PR A AN, AN SR K M ALy I 2 K PR 4L
g3 FA R 41 2 CHOB, HIB)D 71N 43 7 T I 7= 2 448
b
2.4 SESEA S AL TR B RR )

PRI A 1 o e 3R R R R L A M R i 4]
(1) R SE AR 740, K A PFBHA A MTBSTFA 2 FiT
Ao B R EE AR IE I T RE AT T A, BR

£ PFBHA RI7E 5, BHE 5 PFBHA S N JF 18 55 A 1k
AT A, 22 )5 T MTBE A5, AU SR AT A2 4)
FFZE MTBSTFA R17E, (R AN FE L 5 MTBSTFA &
NG N-4- T 5 FSEEREREAT AW 2 ARG,
FEMSEAE Go/MS EREAT A4 4, HOE B 7 K
1 s B P A AR SR Cglyoxylic acid)~ A i
& Cpyruvic acid ) A N 2 (ketomalonic acid)IX 3 Ffi
HR , e AT ) O B B TR] 53 90 49 14.3 min, 14.7 min
A1'17.5 min.
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Fig.1 Retention time of glyoxylic acid~ pyruvic acid

and ketomalonic acid in total ion scan of GC/MS
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Table 6 Ketoacids from NOM fractions after ozonation

oy W% pge ! SUVA Wi = %< H i = %<2
LR VA% Wil 1 /L (memg) ! Jpgmg™! ILeg™!
HOA 37.3 211.6 15.4 2.00 73.3 36.0
HON 23.8 362.2 14.5 0.90 103.2 50.7
HOB 20.7 32.6 11.9 1.10 23.1 11.3
HIA 48.0 152.9 18.0 1.41 58.4 28.7
HIN 14.5 19.5 13.7 0.31 21.1 10.4
HIB 27.0 21.6 12.8 1.84 17.9 8.8

DRI % Cugomg- 0+ 828 A7 DOC (19 NOM 27 U mmge L 30 25 500 HHJg 1= 71 11/ 40 - B0 2 06 7 B U pge L 0, 36 80 £ 3
pgo L™ /(mgoL=1), Bl pgemg~1s 2 LA = 3 (Lo g~ 1) AR AL DOC 1) NOM 2153 (BAmge L~ o1 D 22 BT M B LA g L~ O 5L 5 72 A2 11
NG TR (R BE (LA g L1 0E), JLA A 2 pge L7/ Cmge L7 P omge 71D, Bl Leg ™!

NOM 6 A 4173 R i B8 7™ 155 30 45 5« 25 41 73 1Y
LT TR RN N — R ¥ 7= 2R AR ZE AN K, e AT A
TRl 1 7 2 HVAH 22 AR OK, b, HON (1) 14 i 18 1 6 24
& HIB 7% 15 % . H HON Fl HOA — & Wi IR 7~ %
Z Ik NOM 20 73 I R A 7= 26 1 60 % » L 11T 22
BEAS O, S80S IR BR S Il =400 , st L oAk, 22 B /K
(") HON-HOA 57K ¥E NoM 4147 .

£7 NOM BEHREFIEE A0S FEER M L%

Table 7 Specific yield of ketoacids from NOM fractions after ozonation

o o ELE
LR IR i A — 1
HOA 5.1 28.8 2.1
HON 3.0 45.8 1.8
HOB 3.6 5.7 2.1
HIA 6.3 20.0 2.4
HIN 3.1 4.2 3.0
HIB 3.9 3.1 1.8

2.5 NOM %470 5840 W)yl AL

NOM #4173 28 B4 S A Ja TR0 ) ) 78 97 57
DOC 7 % 4173 4k f5 DOC 1 H 2 e € 2 Froi.
NOM #2043 77 A5 I T L T < il FR 1) DOC. o7 31 484 i
ALK 2.6% ~ 11.59% it 50 50, o h HON
H1HOA I~ T o Lol d5e v, R WIIX 2 Fpdl 4> 4 5L
AEME BB el A4 . T HON F1 HOA
7B IS 7K HNOMIT 48K 22 550, T LA OB 5 7K 48 5L AR

14

10 -

JRESE /%

HOA  HON HOB

0 L L I I I
HIA HIN HIB
#5y

2 BHESREFNFENE . WRSE
#rE DOC SE|/E NOM B DOC BIR 2 54
Fig.2 Percentage of aldehydes; ketones and ketoacids

to final DOC of the NOM fractions after ozonation
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