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FIR R 2 R G IR AL S RACEk AT DON 89 X th R 32 3 T e & pH 4 4~10 B, BLER 48 A AAL
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Abstract: The removal characteristics of dissolved organic nitrogen (DON) by aluminum sulfate,
aluminum chlorohydrate, and ferric chloride were examined. The relationship between the DON

components and polarity was analyzed. The DON components and transformation characteristics were
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investigated through excitation—emission matrix spectroscopy (3DEEM) and fluorescence regional
integration (FRI). Aluminum sulfate (27 mg/L), aluminum chlorohydrate (40 mg/L) and ferric chloride (70
mg/L.) demonstrated the average removal efficiencies of 25.7%, 45.3% and 48.6% respectively for DON.
When the dosage of cationic-type polyacrylamide ranged from O to 4 mg/L, the DON removal efficiency of
aluminum salt initially increased and then decreased, while the DON removal efficiency of ferric chloride
decreased gradually. When pH was within the range of 4 to 10, it significantly influenced the DON
removal efficiency by aluminum sulfate and ferric chloride (with the removal efficiencies varying by
17.6% and 27.1% respectively), and the DON removal efficiency of aluminum chlorohydrate showed the
smallest change (<3.2%). After undergoing sand filtration treatment, the coagulation removal efficiency of
DON rose to a certain degree. The removal of DON by aluminum chlorohydrate and ferric chloride showed
certain correlation with the initial concentration of DON (R* was 0.64 and 0.57, respectively). Ferric
chloride achieved the highest removal efficiencies for dissolved organic carbon (DOC) and
orthophosphate, approximately 42% and 96% respectively. The turbidity could be reduced to less than
0.1 NTU through coagulation with aluminum chloride and ferric chloride, and to (0.8+0.3) NTU by means
of coagulation with aluminum sulfate. The average concentration of DON with particle size less than 0.45
pwm was (1.88+0.12) mg/L, the average concentration of DON with molecular weight less than 3 ku was
(0.89+0.09) mg/L, and the low molecular weight of DON (<3 ku) accounted for 47.3% of the total DON. In
the water samples with DON particle size less than 0.45 pm, DON particle size less than 0.1 wm, DON
molecular weight less than 10 ku and DON molecular weight less than 3 ku, the FRI of region I and
region I accounted for 28% and 30% respectively, while that of region IV and region V accounted for
12%. After coagulation, the DON removal efficiency in water samples within the range of 0.1-0.45 pm
and 10 ku—0.1 wm exceeded 80%, while the DON removal efficiency in water samples within the range of
3-10 ku and less than 3 ku was less than 20%. The removal efficiency of hydrophobic DON was higher
compared to that of hydrophilic DON. The removal efficiencies of FRI in water samples with particle sizes
less than 0.45 pwm and 0.1 wm, and molecular weight less than 10 ku and 3 ku were all less than 15%,
suggesting that tyrosine and tryptophan organics in the effluent from the secondary treatment process were

the key components for enhancing coagulation and increasing the DON removal efficiency.
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(FRI) 43 #7 DON 21 53 Ko FLAG AR ARAE , B 78 R R 5 2%
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1.1 HRMF

i SR A T b D7 T T K A B i
K% TE K AL B K R R 4x10* mP/d, EE T A AL
LTI NITR AN = 7N = AT IR T O = b3 fa
P Ab B T2 Ak — B A e R T e K PR b 2 B
TN FITCHLA, 7K DON ¥R BE A 1. 41~2. 47 mg/L.
B2 K OE 5 T T AR O K BRI R R
XF 7K H DON 0 25 BR#EA T AT, (i L BB A2 1 A2 1] FH
Bt
1.2 WEMBRFIE
pH SR FH5 85 e ik S D0 (5L 5 o 3R FH okt
FEASCIN 22 5 1 f A HLAR (DOC) SR F TOC 43 H A3
E 5 IEBEIR Eh R AR BB 20 6O Bk 2 s A AR
FHK A R - Uk SR R 3 6 0 B ¥ W 7 5 NO, -N R H
N-(1-Z838) - & e 4 a6 B il 5 s NOy =N SR H
SO BETE D A 5 5 PR B A (TDN) R 3ot
1% B0 i — 55 A0 3 66 B 15 I 2 5 DON 25 TDN 5
NH,"-N.NO, =N NO, =N [ 2= {H .

1.3 REsLw

SR FHBRL IR R AN AR R 40 1 Ry R IR B 77 S Ak
BRAE AR FETREE R, RN A e (FH 25574, CPAM)
VE R Bl , R FH 0. 1 mol/L i HC1 F1 KOH 15 W i 5
pHo HU500 mL /KA I & FIREENFEHL L, Bon—
EEMIREF )G, 1F 180 t/min FHEFE 2 min, EELE
40 r/min FHEHE 15 min, i & 30 min, B3 WO

0. 45 pm JEMEEUE S , W5 AHOCHE bR

WEUERE R S A 300 mm . B A2 M 15 mm B PVC
FE, R 2] B2 B AN A AP (100 mm) (475 (30
mm) FITCHRE (20 mm) , JE33# N 6~8 m/ho
1.4 DON A5 FAR N E

B 300 mL KB, 2R FH 0. 45 wm 0. 1 wm, 10 ku
13 ku (R 38 1 8, 0. 45 F00. 1 wm J8 5 5 € %
HLS FESE I, 10 ku A1 3 ku S8 I 8 R AR I8 2% (LA
N VEREK S 7, it B A 100 v/min) 58 1

BT M DON £ e, 1 26 1 H 20 mL HYBE
30 mL A AKX ENVI-18 [ AH A BUHE (6 mLL, 1 g) ik
FPALBE s 25 B 1 LARTR] 20 & /K AR L 2 mL/
min 9 34 J3E 3 2o [ R A IBORE | HG v B 08 ek [ AH #E
IR A A 2R 7K 1 DON, 8 B 76 [ RE A UM 1) Sk i
K DON 3 4R 5 2R F N, 442 181 AH A5 BURE 10 min,
30 mL A BELL 1 mL/min A9 3 B2 VR, e 6 ] s
FHEFEAE 40 “CF 7 K, fe e 1 30 mL AR 4l 7K ¥ Al
FEBLKE DON,
1.5 3DEEM #1FRI##7

K 9 6 TEAL 4 # 3DEEM, FEL %5 1 em £
BEIRM . 6 VR 150 W IR AT 5 O HL £ 4 A
(PMT) H3 24 700 V3 5 M FE>1105 0k K A L=5
nm, & 5% K Ap, =5 nm; FF4HH S 1 200 nm/min;
4 P KT 2 ) R A,=280~500 nm, A,, =200~
500 nm; LA Milli-Q 7K >4 %5 11 {8 F Matlab 142 il
SYEBEOGIE R, {8 ] FRIA 3DEEM Gk k17 & &
G307 o
2 ZR53%#%
2.1 REFMEMNIMm

MR  E AR ML IR B g6 b, —
g% 7K DON W 4G5 o0 (1. 88+0. 63) mg/L, pH 2
7.6+0.3, Z5ALFRW, Bl B R AR AN AL R AR B0
SEAYHE N, DON 2 B 38 52 B SEHS I 5 T B e 34
1B R AR RN SRR R AR 0 4 43 5 R 27 FiT 40 mg/L
BF, AR ) DON £ BE 55518 25. 7% F145. 3%, 5
FEFEER 19 DON -3 25 B 0 U AR R 41 /55, 3X 1T BB 2
FRAREEA T SR FRE S . 485 R BE )
1) 7K it 7= M)A 4 3 FhERJEAS B Ala, Alb Fi Ale, 43
BN THARTEAS P AER AWM KR GY . Alb
FM A WL IE fL T, DON AR B BLAT 1, Alb
R A% PR ™ A H rf RV FE AT i v VR R S BRASR
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Ala 1] 2 Az 7K il W B DT VEAE T L 55 A L) S L I (]
KRB A AR A B — B AR . Ale KT
SR B — o it 1Y IE HL AT, (HORER AR IR IE IR, HL
HURTBE 7155 T Alb, TR 22 DL I 4l 6 1 RNz B 42
BrER 3. SmREA(FAHEZ Ala) L, 1k
FRAR Y Alb Fr i m , AT AT LB 4 25 5k N-DBPs
R (DON) o MR 48 A&k s s & it 2
BF, 2244 b i A5 3k 22 04 JF R fr i B AHHE R AR
TRy AR IR AR o Y& AL I 2 A 10 mg/L 3
T E] 150 mg/L i, DON 25 [ 2R 1 3% %7 38 K (H
18. 2% 4 % 63.9%) , H A & 7E 70~150 mg/L i ,
DON 2= [ 2% (%) 3% Jin o A0 XF 487N, i 48. 6% 1 &
63.9%. U340, BALHNT DON By 25 B3 K LA R 41 AN
SRR X e A — 2 AR Ak
P 2ok v WO R (R A A T LA B R
B GUARER AR AN S AR N 8 43 0 B 7 R 27 .40 11
70 mg/L,

TR BERT S JTCHL A (NH,' -N HI NO, -N) iy F- 2 ik
FEBEA 3 22 5 (p>0. 05) , 111 TDN P24k i 1 25 1k
T 2 2 R (p<0. 05) , X EEZ [ DON TR &E
ZBR T E W
2.2 BhigEFIF0pHRIERA

CPAM X DON K BRRAG52m 4n &1 1 frs . nf LA
B TR R B AN S R AR B AR 43 5 o 27 140
mg/L Z5 1T, 24 CPAM ¥R £ 9 0~1 mg/L B, DON %
BroR it LT #a s, 43 5 K 25. 4% F1 38. 3% Tt = #]
34. 3% M145. 1%; 24 CPAM ¥R J&£ 4 1~4 mg/L i, DON
EBRFBE TR, 400 T B2 27. 4% F140. 3%
TE AL A AN 70 me/L (9 44 F , DON 225 %
BT NBE . TR R : DCPAM HA H rp R g
R AEATEAE T, LT LS £ ey AR MRS 1) DON,
HAER AT F1E R DON R E S AL 55 2 1 2 B AR 22
3 Ao WO AR AT A P S BOEE B 1 DR DL TE | A
CPAM "] 58 AL TR EE L BR DON, HE4RIE", T CPAM
B P S A HLA, 2 CPAM K E KT 1 mg/L i,
F AR ERXT DON 1 LB 0 F . @ Fafk
BRI A KBRS ) 2 R % 5,
1 Fe,(OH)* \Fe,(OH), >4 , i L Re A Pk v A AL
/BN R BINTIR R N SESRIR TR R =3 35N
WOk A AN AR R B K A P R R N £ 8
(DON =B 43 ) HLAT 5 (9 W B g, A 28 s S8 Ak
BRXT DON 2B 308 . 54REhAH L, Fe(OH), 19

BERLE E (1. 1x107) /NT AL(OH) , 89 (1. 6x1072) ,
AT fef 2k R HL AT TSR K A VR A R DTTERE 1Y
WIEFG5HF |, Fe' 7R TP I Ak BE 7 o , R AT
5B & A 3 ) A EAR AR A FH T AR 2 R Y 4
J34h, CPAM 41 5 (19 47 L& 7T 5 3 DON 25 iR %
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Fig.1 Effect of CPAM on DON removal

pH Xt DON 3 BRZ8 0520 40 (&1 2 fir s . AL, 7R
B R 40 N S AL R IR e R v, pH X DON 25 3R L
A —E W52 W, DON 2% B 28 (19 48 4k i B2 53 0 R
17. 6% F127. 1%, 4 pH K 4~10 B , B i 45 XF DON
() 2B 23 S I SE G N5 T o i A 34 i 2 KR Y pH
BN RER AP 55 HIE RS, 5351 AL(SO,),
K EEE L AVAEALE , T AP BRI B 2R R A
2 EDON LB, Y pHE R, A" G
OHJE L AL(OH), S8 5, (45 AL 1Y AR By 57K
HAA NS G B0 R 4 TR BE S N NS 5 i 1T,
MTREAR TR AR IR SRR . YR R 1 o 27
mg/L B, TR %E 09 e d pH o~ 5~7. FEALERXT DON 119
FBRRE TREE, 2 pH ly 4~6 1}, DON [ %R1Y
TREBREER /N 24 pH lg 7~10 1}, DON 225 % F e i
o MR Y pH<T B, AL AT R AR T LAY
Fe' {2t T Fe BYK M , i HAE K hRERSIE U 2 |
R Z IR A T ) [ Fe,(OH)™ [Fe,(OH), ],
ART LAY . 7358, 24 pH BARET A B BT
FALRREE A BE T A F) T DON B9 LBk . 24 pH 4k %E
T2 HtR I — e (E ), Fe¥ 2K i 5= A= i , BList o
el B 2 Br/K T DON B9 /E H , T30 DON 25 fR % B
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Fig.2 Effect of pH on DON removal
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HPUEXT DON 2B 1 52 i S 56 B, — 2R K
Z 3 WP E AL BT % DON 8 22 B 3R A — g B .
WU AT AR RSN L AL RS S AT DON i L BRR
g3 5 R (25.9+5.1)% . (43.8+4.7)% F1 (49. 1+
2.6)% ; W € J5 X DON (1) 2 B 2R 43 51 4 (33. 4=
3.5)% . (47.2+4.3)%F1(53.53.7)% . Hb U4 =
T DON MY TR&E L BR% , 3X n] B -5 K B 77 [ 4 (SS)
WP T REA G, Bk SS i) SR BE R & A L h R R
N, FEAR T 2R EE W BH A i A ML B e g, 33
DON LB N, Uk, ZE3k i v5 K Ab 38~ 2
KT 20 IR EE T2 0T LLUE TR RS b

105 v 2 6 DON 25 B 4R 1 52 M 4 181 3 7 o
ST ], 20 H K DON ¥R 1. 41~2. 41 mg/L,
SEHIMH A (1. 84+0. 34) mg/L, M E 30T LLFE W, B
PR 40 A R AR A A R TR BE 5 B DON 1Y) 2t bifi %5
DON 7] ey ¥ J32 114 T i i 386 0, AH 5C R B R 4351
0.16.0. 64 f10. 57, A UL, B R4 TR BESC 5+, DON
F2B X DON W) #h vk B A v 4 . b AT &k
PR BCE AL ERIR BE RS, B 45 DON MR 2 5 DON £ BR
22 [0 B AP AR S, AT RAd ik K DON ¥ i

P BT S B KA EE AR A

127 m s
® Sfht
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1.0 ) 9 >
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Fig.3 Effect of initial concentrations on DON removal
2.4 DOC.IERSERERFIim BRI EBRUR

V5 K AL BT g UK DOC OF- 3 vk Bl
(12.9+1.3) mg/L, V- 3 K BR 76 (17.52.5)% ~
(41.624. T)%Z 1] . FAALZNT DOC B L B i
A0 42% ., A, 90 K F- 3 DOC/DON
(it tk) A 7. 11,5, IR Bk 40 B2 J5 DOC/DON {H 3
i, 26 B 7 TR Bk i A b DON 2 B2 % & T DOC, 3% 1]
AEH K DON PR A G, gtk h iy
WL DL DT B A 0 U A S A e
(SMPs) J (15 65%) , & HIRR A AR IS A VLY
0w RAR . 5 A 288 1 BRI SMPs (' AW i
DON F &40 ) WA 5 5 Al Ca™ Fl Fe K HE 2
SN, T H AV Fe™ (7K i 77 ) vl 55 SMPs 45 11 5T
FKY AL G IREEZBR DOC BIHLEI 5 DON AH
oL, PRI Aff o 25 B DON 1) Sie AR TR B 3R 180 i FH
F LB DOC,

TR R E B R RS- 4 Mk B R (1. 120, 3) mg/L,
ST TE W IR R 1 2 B R (29 96% ) = T i IR
R LR . SR ER AN FIBR B2 40 0T IE B R £ 1 &
B3R5 K (86. 4+5. 5) % M1(55. 3+3. 2) %, FiEhZ:
W B35 %) J52 o7 AV o) 4 435 Ak 2 0 0 K i I B, k2 0t
VERTE R B 515K P I8 S & A AL-P ULTE
B AIPO, AL(PO,), 55 ; K fift T B 248 FR il 2t A
oK — RN Z G, R EN TR KRR LT
e TH AR R B i Y OE HAL far S0 R B A B 5 25
BRI AR R AR R R BREE AL S R AR
LA K, PO R F25E o 5 Alb #E17 KN, 1
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5 Alafl Ale K RA K, FALPXS EBERR R 1Y & Bk
R (95.6+1.4) % TE 8 ER IR BE ) FE AT BR 0 72
i, R4y Fetr 5K F i) PO 2 b A B FePO, TITTE , 73
AR A A A IE B H B A B R M 2 R
SEHC AW, ik S e G 4 2% 1 ELAT R a1 2 A mT g e
PO, MEALERYE T N 70 me/L I, IE W IR 3 25 B
REGE, FEJEN N Fe: P AT AL: PO FRAY 22 1) 20
SR 1171 F110. 201 (GRALFEEER 0 40 mg/L BT )
[ B 3 ] g 5 2t K A 2 B D B TR AL DT TE P 7
Rtk R A K s Fr Ao
FEIREE A U8 T 1) BT AT KRR TR T 22
JE R (7.743.2) NTU, R S0 F2 40 A A 42 TR e
J5 TR AR A 0. 1 NTU RLF , SR B BR 45 TR 585 Tk
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Fig.4 Change in removal efficiency of DON with different

molecular weights by coagulation

2, K EEH <0, 45 wm 1 DON -2 34k JiE oy
(1.88+0.12) mg/L, <3 ku f DON F ¥ ¥ FF Ky
(0. 89+0. 09) mg/L, /N3 DON(<3 ku) £ 5 & DON
1 47. 3%, W /Nor 7 DON 2 E B34 %45 1 5
HAbAF g — 2. REE , 21153 0. 1~0. 45 pm Al
10 ku~0. 1 pm % DON 25 B £ 4 K T 80%, 3~10 ku
<3 ku By DON % B FAK T 20%, iX £ B K73 1
DON 1] DLIE o VR BE9E A AL 22 B  MEZS B 9 DON FR /s
5 F DONZH L. BB AR A& AL Bk (TR e
2E LRI, <0. 45 pm F1<0. 1 wm A9 DON ~F 44 2% Bi
A3 H 24% . 44% .51% N 17% 36% 43% ;<10 ku

F1<3 ku i DON V34 L BR253 518 11% . 19% .27%
F110% . 19% .25%. 1REESE 5 R W, L UEwT 5, <3
ku ) DON £ FrimIf R R B 2E 25 57 (p>0. 05) ,iX
FEW BN AR B A KT DON B /N3 7 DON A RE

AN TR A A3 PR A AR B A DON 4345 G & 5 7 o
A LA H L E<0. 45 pm .<0. 1 um <10 ku F1<3 ku 1Y
DON 1, 257K P DON “hy 2= B 4L AR 43, 40531 i 90%
93% .95% 1 95% , iX & W — 2% i1 7K DON HAT #%
SRR . FEPTA DON 3404 40, 5 2K 4 DON
AL, TR BEXT B /K M DON () 22 B R o vy, X 25 7Kk v
DON 1 K BRBUERAME X 5 Z 5 B8 40— 350
5341 DON B FIZH 43 Z ] ) 5C  , X B~ 43 9 4
43 F SR K ALER KM DON TR T I B E 17 2 2 o
KoH6 . <0.45 wm.<0. 1 pm F1<10 ku 24 43 26 K P
DON 2 B F AR H A 35 M 22 5 (p<0. 05) , <3 ku 41
3 E K DON B %22 5 R .35 (p>0.05) o JIr
A5 i K DON 2B R # HAT 1o 35 22 5 (p<
0.05) , E—F W <3 ku 24332 K PE DON 242 5
DON TR BE 25 bR 0 G HE . 53 40, X 4r 94 43 (<0. 45
pm Ff1<0. 1 pm . <0. 1 pm <10 ku <10 ku F1<3 ku)
b SE KM RN KM DON #R R AT XUR « K 56, &%
FEI<10 ku F1<3 ku HP2E KPS K M40 4 22 1) 2%
SR E (p>0.05) , X ULEH/INF T 35K E DON B &
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Fig.5 Polarity analysis of DON with different molecular
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