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Study on the control of emerging nitrogenous disinfection by-products
and precursors by biological and advanced treatment for wastewater
reclamation

ZHONG Yu' PENG Jiadong' LI Cong? ZHANG Xinran' YANG Xin' ™

(1. School of Environmental Science and Engineering, Guangdong Provincial Key Laboratory of Environmental Pollution Control
and Remediation Technology, Sun Yat-sen University, Guangzhou, 510275, China; 2. School of Environment and Architecture,

Shanghai University of Technology, Shanghai, 200082, China)

Abstract The control of typical nitrogenous disinfection by-products (N-DBPs, including
nitrosamines, haloacetonitriles and trichloronitromethane) is a major concern in wastewater reuse. In
this study, the presence levels of N-DBPs in the influent and effluent of biochemical treatment in
wastewater treatment plants (WWTPs) with different biological treatment processes were analyzed.
The secondary effluent of one of the WWTPs was selected to investigate the removal of N-DBPs and
their precursors in different advanced treatments (powdered activated carbon adsorption, ozone

oxidation, ferrate oxidation, and chlorine dioxide oxidation). The results showed that the biological
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treatment process resulted in the generation of nitrosamines. For the advanced treatment processes,
powdered activated carbon (PAC) catalyzed the generation of nitrosamines, while ozone oxidation
formed nitrosamines directly. The selected advanced treatment processes showed different degrees of
removal of nitrosamine precursors, with PAC and chlorine dioxide providing better control of N-
nitrosodimethylamine and total nitrosamines. However, the oxidation processes had mixed effects on
the precursors of haloacetonitriles (HANs) and trichloronitromethane (TCNM). Ferrate (FeVI)
showed significant removal of precursors of both HANs and TCNM, while chlorine dioxide
increased the formation of HANs in the effluent treated with low concentration of chloramine.
Ozonation increased the generation of TCNM during post-chloramination. The results promote the
development of advanced wastewater treatment technologies and provide theoretical guidance for
related research.

Keywords wastewater reuse, nitrogenous disinfection by-products, biological and advanced

treatment, health risk.

KOGV B i A R T I A P K, 5 7K [ P R 2 ik 7K 0 DR 5 e ) R B, 7 L %) S [ S
B [l K 5 28 42 T K Il R B R A W Ab B T2 AR BE AR BE T2 25, Ay Ab P 2 B2 L PR AR AN AL
Yy, # R A P A BT 2 A8 R AR R T 20 (A/0), IRAEBEUUT AU T2 (A/A/O), BREA= 1 i #% (MBR),
UNITANK JP S M5 U8 T2 FAE Y uE i 45 . A3 T2 2R 5K b e A LTS G Fn o 2K
KR BOR A, B EE R AN B L S BE A AT AR HUOP AR H ATTE K [ SR TR A B T A
S e AR SR SN IR K 5k A A AT R A A (advanced oxidation process, AOP) T.
UL R IREL . SR

15 7K BE A2 O 0] ] 7K K J5 2 4 ) Hi SR B2, FE/K T B A b, YooK vh & WA ALY, i o
M2 . u HLER AR W A A5 5 B N R A A st BROCR A s AR T FE R, B DBPsE L fF
W, KERSr DBPs HA W 1E B B0 | By . A8 10, Hrp & %4 DBPs H A b H #L4E i DBPs 1
I REETE, HETHI & A DBPs FZALHE iR N . pa AR 56 HY ot LRI A e S0~ 1),

P 75 7K T 5 L A8 7 A2 (9 DBPs S 3 5 R 7KK BT 48 4 i) B ZE IR, H AT XS V57K DBPs 14 il
TR EZOREITARY 25 NI S E S, LK DBPs KB, ARBF5Y £ 2 X DBPs METIAY)
B, 15 K A HLW) (effluent organic matters, EfOM) & DBPs 1) 3= Z g A%y, 1M K5 7K v 54 & 20 f
EfOM & A (R i A FLRGE I 5 TR KR, S5 8005 K T B R & 7= A K 0 & /T 22 Bl = )
(N-DBPs) "> L i b, 35 7K v i JCAIL S -, W5 5 - 78 B AU S Ak ik i v 2 e Ak — PR R ST i i (N-
Nitrosodimethylamine, NDMA ) {4 A= i 4],

AHEFE B A2 TG K mT &, R 985 KGR A BT 250 K v i i w7 B L AR 1) 2 B
ROR. BE RN (D AFEAEY LT 2 (A/O, A/A/O, MBR, UNITANK, 1§ #8200 #:15 Jé 14
(CAST), S ALIE FIAE Py ugt ) Xf A N-DBPs (4345 W AH MY BT . 10 M R o A 6 H e ) 1Y) 25 B35
(2)ARIRBE AL B T2 R EEVTTE, PAC, RAE, A, mEkmRLh & 1k ) X LA N-DBPs K H i A4 11
FN

1 MRLE )7 (Materials and methods)

L1 R S5k

4 Fh ki &R A iAE (haloacetonitrile, HANs) . = 58 fif§ 3 H 43¢ (trichloronitromethane, TCNM) | 1,2-
RN BE . —H 6% (NDMA) . NDMA-d6 N r . H 365U T &k (MTBE) . H B (Methanol) . ¥k i iR
(98%H,S0,) . VKR (CH;COOH) . K& FR N (NaClO) . W& R £l (NaClo,) . S fb# (NH,CD) | TG
JK BRI 50 (Na,SO,) « HLIR MM 2 (Ascorbic acid) . N,N-—Z, - 28 Z Biehi BR £h (DPD) | 7S 7K & B 2 0 4%
B (FAS) . LRR B (1) . MUAL 4P (KD | 8RR 41 (K, FeOy) . M52 2k #3 K (PAC) . JC /K B R &l — %M
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(Na,HPO,) . JC/K MR — &40 (NaH,PO,) . Z A ALH (KOH) . AN,

TR SRS (ClO,) i SR R AN -5 MR B IR s I il 5 17 B, vk B ] DPD/FAS He vk bras. — &
Jfie (NH,CD fif 2 ¥ (10000 mg-L™, LG (Cly) 3, &30 & SR B L CL, 1) B &AL 25 vk SR B T
MR L AT 52 b7 1 28 171 1, PR B0 . B A0V TR (O5) 1l R A0 K AR 2 i 7 A R, JF I AR 4°C 1Y pHIS
il 6 9% whig vy, Ve BE T 0 €0 L 2 v A ), IR0 0. TR A VAR P s 0 BEE (>90% ) i kR A
AR T 2tk 1 B, PRECIE R, H T 3K 1 v R T R 4R 4 B2 ST 24 50%, i itf— 20 R A L )
VRIS FAE ka0, S 2, R RSl B Y S R R T [ A 1 mol- L' i) KOH I MR R ATl Uk, it
YEVR S TR KOH IR & B T VoK TS T i Al AR 08, s dd AR B R R E O b L ke . BRI 2,
ik wp e LA A LB, Bifi 5 7E LA TP 60 °C g, BLAs T i BT

SIS (Agilent 7890A, 36 E L HER A A ) | A 15 B3k H (Trace1300 1SQ, 36 E FEER €24
ml) . AEALY 53 BT (CLD-88, it ECO Medics /A ) . B (34X (1CS-600, 35 [ FE 2R KA H] ) . 4
Ah-1] WA B R TH(UV-2700, H A S A o A HLBR I A2 X (TOC-LCPH, H AR B HAF]) L W A K
JFAS AL (DR2800, 3 [ A 7528 7] ) pH 3 (S210, Fi H A Z M Z A F)).

12 SEHJrk
1.2.1  SEEGIKEE

ARG RE 8 (A5 7K Ab B ) AR Dt A R A Ak S bt 7K VR S SE 38 KRR 4R 58 AR W b B T2 %)
W fiF i % N-DBPs HIAARPIHSZ 0, AL g5 KoK T2 W4 1. T A/A/O N 5K AR5 FH B A=
Wb BT, DRI AR 45 9% R B A BT 256 IV A e B2 N-DBPs B AR (15 i o, S8 BT K REECE B iS5
KB Z ST TE M K, KRR B B AR St K REREAR B0 4% DOC, S AL, UV,ysy FIEHLE T
W B A R T A O R T

F 1 FESTEKAI) ARG R

Table 1 Basic information of wastewater treatment plants in the research

5K S TGIKALBERE ST (x10*) /(m* L) KR EYA T Z LSS
Number of wastewater Wastewater treatment Biological treatment Type of biological
treatment plants plant’s capacity processes treatments
10 A/O sE4 il
B 10 A/A/O SEAREAL
C 20 Unitank Rl a
D 10 A/A/O SREAL
E 10 CAST SE4fHik
F 5 Carrousel 200051414 St4 AN
G 3 YR SEATHIL
A/A/O oAl
H 10 e
MBR SEATHL

HNote: 5E 224k Good nitrification: NH; < 2 mg-L™'(3%N%#., FF), NO,” < 1 mg-L™', NO;™ > 10 mg-L™". #fiifk Partial nitrification:
NH;: 2—9 mg-L™, NOy: 2—10 mg-L™". §53fi§fkPoor nitrification: NH; > 9 mg-L™', NO,” < I mg-L™, NO;” <2 mg-L™". 5¢ & fitjfk: NH; <
2mg-L",NO, <1mgL",NO; <5mgL". #4r S fififtPartial denitrification: NH; <2 mg-L™", NO;: 5—10 mg-L™".

2 PILA TS KFEREARSE, g5 0 Al—H1 Bk YA BbE K, 45 A2—H2
7K ARE R A= Py b 38t 7K, KRR DOC 2 RN A 1R £ 1 v B2 S e 1 3 /I 25 R B30 3 i)
K-, 3K BE SO RUH R4 04 AR O e A B T,

122 DREEACIR T 200 B Y5 K S

IREEAL T 25 RS20 A P AT IR BESS . TERE B L B BEdr b 2.1 L5 KOKAE, THIG
PR Pl 11 [ 1] KRR R R I B AR (10 mg BHAR -mg ™! TOC) , 5+ 4514 42 100 r-min™ PR 1 min,
30 rmin”" 225 20 min, JOFEMS[E] 60 min. JUHE ST, WA Al 38 b 75 WRRE & LLEAT S A% 2 A DBPs A6 I A1
F 4L 5 A B (uniform formation condition, UFC)iREe .
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Table 2 Water parameters of influent and effluent of biological treatment processes in 8 WWTPs

Eras TY , . . } . .
L NH;-N/(mg-L™! “(ug- L Jug L") N L") NO;/(mg-L™

No. Process pH DOC/(mg'L") 3-N/(mg'L™")  Cl(ug'L") Br/(ug'L") 0, /(mg-L™) 05 /(mg'L™")

Al 73 14.5 19.8 21.0 196 0.0 4.4x10*
A/O

A2 7.6 11.9 0.10 435 51.0 4.1x10° 10

Bl 7.2 28.0 15.7 11.8 61.6 0.0 5.2x10%
A/A/O

B2 73 6.50 0.10 498 57.3 5.4x10° 11

Cl 74 11.2 103 27.9 48.0 7.5%x107? 6.4x10°

UNITANK

2 7.2 5.50 1.50 30.7 30.5 0.3 73

DI 73 16.8 21.7 63.0 50.7 3.1x10° 0.0
A/A/O

D2 7.1 9.70 9.20 10.9 37.5 0.1 0.1

El 73 23.5 14.5 28.0 45.6 3.8x10° 0.0
CAST

E2 7.1 6.80 0.20 39.1 22.0 4.6x10° 13

Fl 7.2 23.8 11.6 53.0 53.6 3.4x10° 0.0

Carrousel 2000 .

F2 74 8.40 0.20 443 30.1 1.9x10° 3.0

Gl N 75 9.50 6.20 34.0 56.1 0.3 6.6
AW

G2 7.6 10.7 0.30 36.0 40.7 0.6 10

HI MBR- 7.8 22.7 23.6 47.1 60.9 8.3x10° 5.3x10%

H2 A/A/O 76 7.80 0.30 4.9 41.9 4.0x10? 7.7

PAC Wzt T 252 11 0.45 pum 3% B8 4T 4ENE I 8 2.1 L 15K KL 5, B3 ATG Ve A FH Rl e B 4tk rhiR &
24 h. PAC /N> 10 mg- L™ F120 mg L', W #% 5 TR BE S50 — 2. fH# (100 r-min ") B 4 h J5 Uk
1 h, WCAE R U8 L VR S AR 7S i i A1 DBPs Kzl #1 UFC 5.

AL T2 T AL BT K K BRI 22 0.45 m B 58 2 2k 8 R8I 38, S 2 250 SR FE R (B B8O, mT 2540
>2.1 LK. Ho: @ AL S AAE T2 KA 4800 2 me L MRS (1% CL 1H5E), T A | 2. 5.
10, 20, 30 min 5l AL SHR L, JF ARy — S @ AR RO, 18— A Ak %01k 30 min
(R 7K B SHE AT A e F DBPs A, T A5 5% 4 i KRR 331 64T UFC 5250 Qi kR R A4k T 20 /K AE
2.5, 5. 7.5, 10 mg-L (Fe) kMR A1, IR &3 5) 5 & 3 h, MR 25178 1. 2. 3. 5. 7. 10, 15, 30.
60. 90, 120 min BUHEIFFH ABTS 3250 % o £k B2 £k B2 Y, S0y 3 h JG K AE 28 0.45 wm 3¢ 35 £F 2 g ik
U, $EEEH 10 mg Fe L™ BYRE S #6417 VA i F1 DBPs A6, Fir G # B9ARE 51 Y3647 UFC 5256, @ R4A
AL T 20 KA 0.5, 1, 2, 3 mg L™ SO RS FE S, 78 15, 30, 40, 60, 90, 120 s B HUFE
PEAT R MR BE RGN, DL ARAS B AR KRR v 3 s th £ 0 2K RE vh RER IR TR PR S, RAE &
3 mg L ARE RS G AT DBPs kil A £ 09AE S HEAT UFC 156, BT Ay SE 9351 8 2 44T
xif AR,

1.2.3 UFC X%

15 K5 AL SR F]— e (pH 8.5) VRN IH #5501, BLEC BT, 1n 75 2 64T UFC S50 1Y 2.1 LA
mn A S mg- L B — SRS W, I 7E B G SR A N 4ERE 3 d, (RIER VKR B B S /KT
1 mg'L", 3d/EHA 33 mgL™" HLIR AR 2% 1k 0, Jf 43 2% 4 500 mL., 500 mL 5 30 mL 43 7l #E17
NDMA., il (TONO) Al i X DBPs 2 BRI A AT S 14035 B 2 4117 % R,

1.3 A
1.3.1 KBS &

JKEER) pH. UVA,s,. DOC 43 515% 1 pH 3. UV-vis 4366 EE 3. TOC il 22 f%. CI'. Br, NO; #il
NO, % & 7>k H Bid A5 Dionex IonPac™ AS19 43 #14E (4 mmx 250 mm) il Dionex IonPac™ AG {414
(4 mmx 50 mm) {9 25 (035 30E &, KOH WRVE RS BEARRY 0. 914 KOH RPE e B2 10 mmol-L™', £
¥ 10 min, 285 LA 2 mmol- L™ min™" F} & 20 mmol-L ™" min™!, % 5 min, WP A FHE N 1| mL-min™. 2
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RR FHAN EAFR 43 00 BE VA 2
1.3.2 DBPs ¥l &

FE A28 & A AR (1,2-Z3R N BE) /9 MTBE 28 BUR , K I8 5 [8 36 {2 38 45 E J7 % USEPA Method
551.1%%, SR AR (0, 1% {0 22 i 2. (HANs) Fll TCNM. % ] Agilent DB-5 0.25 mm x 30 m 43 B3 4%, i
FERE N 120 °C, Kl #8852 Sk 290 °C. I i HERE AR AR Oy 2 pL, SERERE A 03, BT
1.0 mL-min". A i U B2 0 SR AR A OE, [RGB AR IETE 80%—120%, 4 U e il i {5 FH 30 7 i) s
TSI TR RS A AL IE.

1.3.3 A 284 o v J3 )

FEM B IS Dai 2505 T A4 [ AH A€ B0, NDMA % # H GC-MS #:1, 5% ] Agilent DB-1701
0.25mm x 60 m 7r B A, A WA A, WA 1.0 mL-min', FHEFE)T K. 37 °C 4E+F 4 min, D)
4 °C-min”' 7+ & 130 °C, 10 *C-min"' 7} & 160 °C, 40 °C-min”' J+ & 250 °C 3-4E 4% 2 min. MS 3t Jy PCI #
=, FHIWIE] 0.7 s, BT HLIE 50 pA, YR ZER 9.5 min, [T IR 230 °C, B FIRIEE 150 °C, WA
R H e, R R S e R PRI IR, [RTSCRARIETE 80%—120%, 4 R AS: I iy (5 FH B C A9 b o Vs i at
AR RS AL IE. TONO Y B FHAUSE ALY 23 A ASGHATAS I, B 5 b AL A R 7E 80 °C R 5 1,-KI-Jif
PRV T S Je A i — SR A AR (NO) #E A B A AR BT A, SR 200 mL-min ™.

2 ZER 54718 (Results and discussion)

2.1 AP AR A RIE R R R

K1 A-H A=At i 7K 5 7K i B0 il B B FEAE KT, 0 O . — SRS JE P e R A 1y . kK
TONO ¥ FEFEF 2 0.9—2.5 nmol-L™', Hi/KH BFE RIS 1.4—5.3 nmol L', TONO ¥ JE 7E 284 P 4k
P54 AN [ AR BE A T 5 (5.0%—254.5%) . 75 A= P 40 33 1Y) PR AR B S B B, 75 7K NO, Wk B2 7E I A
FEAE T TUT- 8 58 42 22 BRI, A2 o B i /0 S i i 118 242 i, A1 LP IV g 32 2 7 14 0 A L %) e B B 8 .
KT G HHEK T B SR IE NO,, HH K i NO, W B B &, AEd FE b K i NO, 2 5 T WAl
Je B A2 B, 2 TONO ¥ B e T . 15 7K A8 9 Ak B e 2 o S0 il e ) I At s 2 B B2 R AR W e A, 29
REE 30802 5 0 s B 9B RE A L3 0 &8, L0 I A B M Bk (N-nitrosomorpholine, NMOR ) 55 A H A 55 ik Hy,
B BE A1 110 IV Bz LA A 0 A A 200, STt et T REAE A A Ak B AR R A A, B R SR R R
Fol A 40 200 2 T 4 SR 2 R 194 B 2 LA L T 5 285 A W A IV A A P 5, L ST e 14) A= i R
A HATAY) (EfOM 5 NO, ) ¥R JiE e s 7,

6 >
K Influent B RSAETONO

7K Effluent ~
sk

2]
Ll

Concentration/(nmol-L™1)
(98]

N
2777
LAUYYZ
L7074

A B
B 1 &K AR AL B Yk K S e (TONO) F ik 32
Fig.1 Concentrations of TONO in influent and eftluent of biological treatment in selected wastewater treatment plants
2.2 REZALF AR o & EUH R R R
Il 2a Sy A T2 AL BT 2500 15 7K O Al e 2 o i) 25 Bk UK BOEI R AR T effluent) H 3 A7 (ol it
(1) NDMA 5 TONO, ¥ &£ 43514 0.14 nmol-L™" I 1.35 nmol L', 556 45 % W — A Mk & 5w e 6 %o
NDMA Fl TONO ) ¥ B - 1% 47 & 2 5% i, {H PAC 1 5L S 4k B35 25 5 30 NDMA Il TONO (¥ 3% Jin,
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PAC kb Fffi NDMA Il TONO 43 5IBE AT 192% 1 61.5%, 542 S AL NDMA 1 TONO 435138 hin 1
185% il 138%.

O @ e HETRBNDMA 1008 () m— TR ENDMA
‘0 = 3 I AHTONO - 801 N BIRPETONO
7 T, 60F g _
g 20k N —g 40L
=4 N \ < 29 N N
-g N S N % 1.04 N N
S04t s £ 08f
L [P
S N S 06f
3 § 3
© 02 s O 04t
N 02F
0 i § 1 0 i |
X X
S & £ & F &L
& DA & & §F ¢
) oy v g
kS, &
&

2 KRS TR AT (2) 5 iE— 4 UFC S )5 (b) NDMA 5 TONO i .
Fig.2 Concentrations of NDMA and TONO in effluent after advanced treatment processes (a) and

after post-chloramination (b).

AR LS T BRI SO AR i NDMAP, e — e ] 249 S fi — W (UDMHD) , it 205 HoAth
TG O AR ) NDMA S AR A, XA S I F, 30 min (9 24 A6 A IR XI5 K Y NDMA R
TONO (1) & I+ Jo I 5 5 M, 405 7K B T BEHF sk UDMH B 7% s ARAIK.

TE 2 20 mg- L' PAC W [t 4b 3 /5 , NDMA (1% 4 & 34 28 0.41 nmol-L™, [R] I TONO fY ¥k i 14 %=
2.14 nmol L™, 1 M 5k 78 U SAFFE MM DL T AT DA ALK b (9 — 9B 2B BUR it 1 RS e T, PAC 3R
] A TS A 55 48 5 SO A B0 1 48 (reactive oxygen species, ROS), #E M2 E PAC 2 1a % & 43 T 1Y
W B, 5] B A= B 1 L) B (reactive nitrogen species, RNS) , 148 AL P 2 Fll ¥5 e, of — 25 5 W% B #F
PAC T Y e S 07 A BT A e 20, ARS8 v 2k HTAY PAC R 400 HRy AT Mo, HA BOE 1 ek

H, R T 25 5 7 A A G

REA( mg L )AFRAT5/KH NDMA 5 TONO ¥ i & 427, 439120 0.41 nmol-L™' 1 3.16 nmol-L ™.
SR AR K AL B FE i NDMA AR R —Fh 2057 =, RS ZH i (DMA) B¢ N,N- FH Rl e s vy
S HAZAE N NDMA, [a]if SRS — 25 R 25 . Bt K — WU SOl 254 it NDMAP! ),

AR BN BE T 225 pi ATH B A 9 09 A2 B B 8, 3002 Fh R A R B AL B R AT 5 | G
SN, R LT A v AT 22 R ™4 1 A i
23 WREACE R A RN R TR 1 2B

RERGE T 18 VR BE AL B T 20T BRI 0 AT 1) 23 BRASCR, 1 28 R A B 5 K A T S S
Al A 38, ARG I o (0 & S T TR R 0 0 A TR IO 45 SR 2 Y, 4% TR Ah BT 2 ) I e 2 R 1 R AR
Y34 AN R R B2 1 2 B (T 2b) , AR 2R TR B2 AR 38 i /K 8 S AL S , NDMA R FE 4 0.69 nmol- L™, T V&
& . PAC W It . AL & = BRI B R R AU A 3 ) V5 /K 2 S A )5 NDMA Y B 4391l o4 0.38., 018,
0.19. 0.33. 0.42 nmol-L™', Bl NDMA Fij 14 ¥ 2= & i ¥~ : PAC(74%) ~— A AL 5 (72%) >/ 2 R
(52%) >4 (45%) > 548, (39%) . [AlREAY, TRBE . PAC WERFF . — 44L&, = kR A R 5L AR Ak LAY Y5 7K 42
SUHAL )5 TONO Y 43 51 M 6.06., 2.67. 2.55, 2.65., 4.50 nmol-L™", ¥ T 2R 4 I 1 kb B 1 35 7K I &
JHe A6 B il (8.51 nmol-L™") , B TONO Hij 44 4 25 B 25 Ry . — 48 Ak 4 (70%) =155 2k 72 B (69%) =
PAC(69%)>5L5(47%) >R EE(29%).

ARz, SR 10 mg L BB S 22 88500 %F NDMA (9144 2 4535 3 40%, T TONO (4 R4
LB T 30%, X Al GEJ2& i T NDMA R &Y 4 70 1 8/ (<1kDa) , Mk LL3E 3 57 50 09 R BEDTTE I8 2
HRCER. i TS B 5 S5 K SR (T 1g K npma=-0.57) B4, PAC W Bt G 1 oF IV it e 2 0y I A By
EH] B OF R BRACR, H 2 AT RE L NDMA 94 1, {H PAC X IV i e 28 e i 14 ) 5 A W BV T, BRI
V. A i AE e G Al R P A AR AL AR S ER SR 10 mg L 9 PAC AR BTG K T g0 UK 4 h, X
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NDMA F1 TONO # Fij 1 ¥ 2 B R4 13k 74% 5 69%. 248 7—10 mg- L™ i, 7E4 7K )R
PAC S k7K HEFT W2 BiE Ak B AE 25 B 24 20% A9 NDMA FifA#®), H PAC XF 325 B 5 YL B K IR B9 NDMA $5
il R E F H eK B, FT AN A F ] NDMA B ) 1 SR B, PAC B 38 T 15 7K [0l . R 1T A T4
fLALHE NDMA [ ETARDIRE G, SR AR A SRR ER AR BH G55 % NDMA [ EiT A%
A BRI,

h T R AR A R AR R AR N R SRR N [ ) 2 R R R RS K RO B R R e 2
BRI, K S Ak T 28 14 2 5 39 5 6 Iy KA A I S e AR 1) T B I = 2B A 5 5 4T, LI 3.

350 ¢ 081 (b q10

— a A
27 @ ®) O —HUETRBNDMA
=30t s A A BIREKETONO
= e ) 18
g sl é = 06f a
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