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Chlorination degradation of neurotoxin $-N-methylamino-L-alanine

CAO Yu XIAN Qiming ™"
( State Key Laboratory of Pollution Control and Resource Reuse, Department of Environmental Sciences,

Nanjing University, Nanjing, 210023, China)

Abstract: B-N-methyl amino-L-alanine ( BMAA), a neurotoxin produced by cyanobacteria, has
been detected in surface water containing algae. This study established a detection method of BMAA
in water sample through High Performance Liquid Chromatography-Tandem Mass Spectrometry
(HPLC-MS/MS) and investigated the degradation of BMAA by simulated chlorination using sodium
hypochlorite. The results illustrated that BMAA could be detected by HPLC-MS/MS with a
hydrophilic interaction liquid chromatography column. A simple pre-treatment method was also
developed. A good linear relationship was obtained (R*=0.9995) while the concentration of BMAA
ranged from 2 to 500 pg-L™", and a low detection limit (0.2 pg-L™") was achieved. Under the
general condition (Cl/N=2:1, T=20 °C, pH=7), the degradation rate of BMAA was high and was
more than 80% in 2 h and about 97% in 6 h. However, compared to the general condition, the
degradation rate of BMAA decreased significantly under the conditions of lower CI/N (0.25) , lower
temperature ( 10 °C) and higher alkaline. These results could provide a basis for the removal of
BMAA in the pre-chlorination and chlorination disinfection of drinking water.
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BMAA REWS 3 Fig 2T, HALFMEBRRE , JF BAT A RO AERIF 53 56 £ b XL 25 45 M)
A —— B AR L5 B E (ALS-PDC) B I BRE A Fd B rh  7E SRR 4L i e B T BMAA
VR 35 0.24 mg- g™ JE ok i BIZS BMAA FEAT 24 52 0 K A8 15 Y (¥ 3 T 2R K 5t o 4 e 0
BN A RIS IRV 2 A A B AN ST A S BMAA XA AT RE R S S S NS
G B ERAE 10 AR RN B R AR ALS BRI ISR AR JR E B IR AR I B B SR (LR H ™ i, K
W ST AT T LR K A B A KTET AR SR A i oK A AR B AR RE KUK A R B R0 R R KA
BT, RS P T AR i (i e 3R 1| I S R AR /KR, PT BB S35 1R K 2 4 ) 1LY
JHfp. AR T BMAA ZEAR K AR BT 25 947 A 93 A L SRR 3

K BMAA RGN T5 vE 4 E R A i AT A AL IS , 22 B RO (3% (HPLC) $R SJEAT € 15 o)
Br AT 2B Ak 3 ) — o 6-2d kM bk BE-NR R 3% R T O e AR 2 W R IR ( 6-aminoquinoyl-N-
hydroxysuccinimidyl carbamate, AQC) " sl R4 12 (9 S FF R IER ) 473k, o T sk S fir A= fad i ol
AEIE LA B FHPESS R A WS R HI SR K S G 1 AL i T LC-MS/MS B0 M R i A AL AU AE At
AR AR SR DU e ) 2 A5 1 P A A AR 3R o F Y H NMR %R 28177 4: A6 1 BMAA 42 itk 17
SEME GE AT

ARSCESE T /K BMAA () HPLC-MS/MS V5 fik 7M1 J5 1. IR I, 100 5 A e S 1 7%t it i ek
FHZK AL P AR 30 i B0 T 20073k IR AP FE 5 42 1 BUAUL SRR TH 35 I BMAA 8RR A% | LB 35 2% A 6
BMAA R AR, K FHZK H BMAA ARG 43 61 A2 B4R AL B AR 3.

1 #ES 5 ( Materials and methods)

1.1 AR5

T RRORRE 3 - A Agilent 1260/ AP14000( Agilent, ABL/SCIEX) ,N-EVAP 111 &M AL (£
Organaomation 23 7] ) , 12 4 [E FHAE B & (35 [F Supelco 22 A) , PHS-3C 1 pH i1 ( iR @A) ; [EAH
ZEHUFE ; Oasis-MCX (3 cc, 60 mg, FE[E Waters 23 7] ) ; HPLC 2 H [ 215 (75 [E Merck 23 A]) |, #8 4K
(Millipore ) , 7387 4l H iR | vk SR 4 (B8 ot Ak 2% 300 45 B A 7)) ; BMAA ( L-BMAA hydrochloride, B107-
10 mg, =97% , 3 F sigma 2\ 7] ) ; Fi¥HS38E ( Simatone , 1 mL, 100 pwg-mL™", 3£ & AccuStandard 2 F]).
1.2 FEAhTTAL B

[ A A BURE Oasis-MCX it FHRETHEA TG AL AL ER, e 3 mIL (4 F B3 PR UM , T 3 mIL A8 &tk
WRPE. B 1 mL 7% BMAA B97KAELL 10 mL-min™ B 3000 38 o [ AR ZE BURE | KRR A 58 J5 B /MR B AR A
T 15 min PASE 4 KBRAK S /AMESEE R 2 mL 75 0.1% R A H BEATROR 2 mL 7% 5% 20K 19 F B
TR, VR IE T 15 mL ZRAS T, IETF 35 CHIZKIGSME FEAMRE 1 mL KL, A ImL F EEUE
R N BE AWK E 0.3 mL LA, LA 20 wL Simatone INARYIIAI (50 ng-L7) , JHEME: K =1:1
(KRR, & 0.1 W) IR E AR E 1 mL, H 528 0.22 wm PTFE 38k 085 2 2 mL KR E7HRE/ N
o ICE T =20 CUKFE T IRAE AR ST
1.3 BMAA #ibl 5 1k

7E 250 mL B CVHETEIR AN 100 mL B2 #1487 ) BMAA ¥ (100 wg-L™") , 1 0.01 mol-L™" NaOH FlI
0.05% H,SO, % W5 pH, T A — & & 1) NaClO W5 (A S5 4% B GB 19106—2003 1Y 77 15 I 7
NaClO B IA A S =) , 7 A HEIE R P, AR IR IR B 3540 1 LA 100 remin™ (56 G TR
SIS, E— 78 BSOS I T BORE , I An A — & 59 NH, C1 2% 11 52 W KRR TRAL 383 1.2 457 B 07 W kAT . 45
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SR 3 AT
1.4 355 gk 54

WA (A58 S50 . (3% ZIC-HILIC (3.5 wm,150 mmx2.1 mm, Merck) , i shAH /K FIZ NG (£ 0.1%
R ) i 200 wLemin™" , #EFEE 5 L, #EI 35 C.

RIS AN T 2k £2 O 1 #E W ( Multiple reaction monitoring, MRM ) B FAR 20 | 1E B T4,
LB HL T2 5000 V, B FIRIREE 600 °C, EfEHLEN 45 V, BiE AU EY 50—200 m/z.

2 5 59718 (Results and discussion)

2.1 Ry A e P L R [ g R

i &2 Ml m/z 1195102 119588 N6 ey 1, SE 8 i @Ik A 1 FiR  m/z 119>102 1
BB, FARRHE R F 250 1 IR 530D A H g 1 2O IR I RGE PR T R T
SEVERYUMERR L | ELE A PR R AR, Hh g 1a] Hh SCHR( 13 ] 7P 12.6 min A% % 9.30 min, 1525 1 S HTAE
P B I 1) BMAA R o V8 W8 1 B2 43 9 o 2.5.,25 .50, 150,300,500 wg - L™, L Simatone F N P F5
(1 pg- L") 7E LIRS S F AT , A5 B R PERE 5 FE A v = 1358x— 1442 (y: TR A ;o R ) | 26
PERR RAF (R =0.9995) A% & 3 v B b [l i 5 B % i o i 2 G 3 2, Il 7E 92.3%—
104% (8], FXFFRUEIR 22 <10% , KPR R 0.67 we- L7 (3 {51 L ) 25 3B BMAA 7E 2—500 pg-L7'5E
FEL P, I e 5 R T 5, SRR &, T DU T S2Brok e v BMAA G

535
o 2.0X10* %7 :Simatone
&
2 15X 104
£ 10X10%
= 50X10°L
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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5 80x10°+
2 60Xx103}
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t/min
— 1
2 el 11988
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0 L 1 I I I L L ! L I ! L L L
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t/min
Bl1 25 pg-L™' BMAA Y MRM (a5
Fig.1 MRM chromatograms of 25 pg+L™' BMAA
R 1 BMAA WFHIEE T 28K
Table 1 Characteristic ion parameters of BMAA
1} BT Precursor ion F B F Product ion % BT Fragment ions i HE (CE)
102* [M+H-NH;]* 15
119 M+H]* 88"+ [ M+H-NH,CH; |* 18
73 [ M+H-HCOOH] " 18
44 [CHy-NH=CH,]* [CH,=CH,-NH,]* 27

o+ BT Qualitative ion; +5E B F Quantitative ion.
2.2 BMAA SRR
2.2.1 AEAESLEI IR BMAA FEAF 520
TEVREE R 100 pg- L', pH=7 # BMAA &R, BOIM— AR FUR NaClO &3, A5 C1 5 N B9 5



270 B2 5% 1k 2 35 %

B 38 0.25.0.5 1,25 10 F F32Br/K ) g e /K o9 A6 T R ) 4, A RESE B T & B 2 h
X BMAA AOREA# AT LA R 80% 24 BT LAV I E] i 8 0 2 h, SRR 25 SR an A 2.

R2 BMAA MINFR IR
Table 2 Recoveries of BMAA

JARHEE Standard addition concentration/ (pg+L™") 10 50 100
[ET§ 4% Recovery rate(n=3)/% 92.3 93.7 104
FXHAR R 22 (RSD) /% 2.3 1.2 8.7
120

°\\°

g soF § § § §

R
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025 05 1 2 5 10
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B2 AR CL/N X BMAA B 9550 (BMAA = 100 pg-1-,pH=7,T=20 °C ,1=2 h)
Fig.2 Effect of Cl1 / N on the degradation of BMAA(BMAA =100 pg-L™",pH=7,T=20 C,t=2 h)

BMAA W& R BE A CL 5 N Py 5T A9 & LU 0% 385 07 32 3 38 K. 24 C1L i N = 0.25 (A RSk B
30 pg- L) I, BMAA AYREME R A 60%;Cl :N=1.2.5 I, (it RITE 80+2% , HIAH #2251
CL:N=10:1 I}, BMAA FRRES# AT LIS E 949% 5% 1 202 i TAHRUGES BMAA B 58Kk 4 — @ADL, 7T
KA ZAAR N AR A A LT B A A ORI FE IS, BMAA DL —S A B CL:N B3R,
TEURI B A ) BMAA YRR RIS A B I s R A R SRR A R — 2T R
P 2 R, 1&%@%51 R B AR 5 B A A VA BB 1, s I 2 3 A A A R R R X
BMAA [ (1) 5 M A28 /)N
2.2.2  GALRTIRIXT BMAA AR )50

FEHREE R 100 pg L', pH="7 [ BMAA ¥, $1 NaClO ¥ W (A 808 W B R 120 pg-L7'(C1 5 N
BB HE R 2:1) IR BE RN 20 °C AE W #E4T %] 10 min 20 min 30 min 45 min. 1 h.2 h .4 h 6 h,
8 h.12 h 24 h I Bl UREAG I BMAA ¥ B2, 45 R AN & 3.

1201
L s
2 /
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: /
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B3 S5 BMAA A% K500 (BMAA=100 wg-L™',C1:N=2:1,pH=7,T=20 °C)
Fig.3 Effect of reaction time on the degradation of BMAA( BMAA =100 pg-L™',C1:N=2:1,pH=7,T=20 C)

BMAA F4 P At 5 it 25 52 oy R[] %) JEE K T 20 47 38 K, T R S 07 R T 2 h 3B, SR T 2 o 1R
fI%,7F 6 h J5 SOV HOR B W22 h i, BMAA BYREf#RIAE] 80% , 31 HAE 6 h B Jz b ik B, H % i
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2

RO LLKE] 97% , FEA KA 50 4 BMAA G4k b P B W fife 4 5 0 Y e 2 3R A i e i 7 R 5L, (L
IO RN Acero SERFIT AR BERE R AL, FE P RS T, 1 h BRI E R e g R Y X
S TSR T i, BMAA BIPRs 5 S A7 SRS, B B N T] R RS BMAA (14 1 328 ¥ ok /L
LA AR RN 5 4, A U PRI P A TR S RN T A R AT A R R s S W T AR A A, R
R B I RN A TR B, T AR i SO, R RS F-2% , BMAA P fifk 58 4.
2.2.3  IREENT BMAA FES#H 50

FEUTEN 100 pg-L7",pH="7 iy BMAA ¥, B0 NaClO R C1 5 N ARG O 2:1, 3
FEIRABER 10,20 .30 C, SIS 2 h SCHR S5 R AP 4, BMAA (14 [ fift 2R i 7 1L J3E 149 39 i 28 4 14
KAE10 CHF, BMAA BIRES# A AT 639% , [HIELEETE 20 °CF1 30 °C 2532 80% F1 86% , Ak 3 I B Ay
T30 CHF BMAA FEA#F 10 C IR 23% , 2 WKL 1T A 2o 00 BMAA 19 STk AR, 32
TR GERRENAETRLRE S AT, S AR AR A 8™ A 9 A AR A AR AL BE T AR D805 T i BE T )i, I
ARREN A B B AT B A SR BE T, BMAA A A 2R A8 155,20 .30 C 1,2 h ARG 4N 7= 4 Y HC1O0
55 BMAA (1 21 5 PA—GUR R AT T AR R AR K
2.2.4 pH X} BMAA 435 A4 500

FEHRBEE S 100 wg- L' 1Y BMAA ¥, BOI0— & A BB NaClO A% C1 5 N I BT & LA
201, IREES 20 °C, RBITEN 2 h, J475 pH {4350 4 .67 .8.9.10, %% pH X} BMAA AL FEf# 1Y 52
M. SRS TN IR 5, BMAA R REAf R B pH I8N T 08 N Bt 45 14 (pH =4) B, BMAA (1 B fiff 3 15 5]
99% 1 2 h WRESE A I I 5 F T (pH=6—8) , BMAA YRR 3 IA 57254k, i A mdi itk 514
(pH=9.10) ,BMAA FJRFEMERI B/, pH=10 B WA 73% ,iX 5 pH =4 BRI, TR 26%. L)
B SE R 7E R RN R A5 1R, BMAA Y [ A 2R 0 T A, B R M Ak R A A T
BMAA (15 AR

120 120 —
- S \
g 80 - %_j 80 (- §
g % £
=1 - ‘a -
g \ E
= o0
%" 40 R 40L

0 \ \ N 0 N

10 20 30 4 6 7 8 9 10
e pH
B4 R BMAA RS0 B 5 K[ pH Xt BMAA FfifH52 0
(BMAA =100 pg-L™!,Cl1:N=2:1,pH=7,T=20 C) (BMAA =100 pg-L™!,Cl1:N=2:1,pH=7,T=20 C)
Fig.4 Effect of temperture on the degradation of BMAA Fig.5 Effect of pH on the degradation of BMAA

BMAA (%58 550 8.09'" | ifii H. NaClO 76K L HCIO F1 C1O0 B RAFAE , HCI0 Sy 43 r= 4 0, , B
AR RE S ClO 88 s ZE R BR E 45 T NaClo EZLL HCIO 7778, pH 34 K £ S5 HCIO 43 e il
ClO™ &+, 1l HCIO & —Fitt ClO™ & F AR & AR, I FEE pH H3E K, HCIO Y BRI RE(IRSE T
BRCENEACAE , I F 3L NaClo S ALEE T FAE. X 55 Acero 451 UMFSE 45— 35, RITE pH < 8 5%
R ST DA R BRI K h i i e R

3 28 ( Condusion)
(1) AHFFEEN T BMAA (125 808 €835 - 5 36T A 0 5 5 3k 1% s LA Ak i R 0, R

B R, B ) SR S o AR AR BR TTA 0.2 pg- L7 3 FH AR K A4 R BEAY BMAA.
(2) BMAA BRI AL 45 SR 1A A % BMAA 80 AR I i B AR 76 C1:N=2:1,pH =7,
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T=20 C F,JZ)% 6 h i ,BMAA FYFEA# AR 97%. AT, & AL i B ME 446 AT BMAA (I
TR gt 3 Ry S KA SR AL R A BMAA $28E T — %2 i BRI LR,

(3) ABFFE 22 Ll S AL T R0 7 :UA 2L Bk BMAA, fi T BMAA 2 —Ff L-JE & I R & 3k
iR, LA g e S AR T R R P, 0 = pd F e b SRS TR I BMAA ST R At 7= A= 1) 7 25
TR I T B — 2L A 5T
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