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Simultaneous determination of 12 heterocyclic aromatic amines in
fish processing products by UPLC/ESI-MS/MS
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Abstract: We established a method for simultaneous determination of 12 heterocyclic aromatic amines ( HAAs) in fish processing prod-
ucts using ultra-high performance liquid chromatography-electrospray ionization tandem mass spectrometry ( UPLC/ESI-MS/MS). After
optimizing the conditions, taking ethyl acetate, ammonia and triethylamine as extraction solutions, we purified the extract with MCX
SPE column, and eluted by V(methanol) : V(ammonia) =9 : 1. Based on a Thermo Hypersil Gold C18 column, we performed a
gradient elution separation by methanol and a gradient elution with the mobile phase of 5 mmol-L ™' ammonium acetate. Electrospray i-
onization source was applied and operated in positive ion mode, using selected reaction monitoring (SRM) scan mode and internal
standard method for quantitative analysis. The results reveal that 12 HAAs show a good linear relationship within 1. 0 ~100.0 pg-L™"
(R>0.99). The separation was finished within 12 min. The average recovery (n = 6) of the 12 HAAs spiked in tested samples at 3
levels ranged from 42.98% to 125. 00% with the relative standard deviation (RSD) between 1.49% and 9. 88% , and the limit of de-
tection (LOD) was in the range of 0.3 ~1.0 pg-kg™'. This simple, rapid and highly accurate method can effectively determine vari-
ous HAAs in fish processing products, easily be applied and popularized.
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ZL3F e 2246 & W) (heterocyclic aromatic amine,
HAAs) R—REFERN. AaRFEARSE:E
HEY AR R R R AN LA =AM, BE
BB MBI LAY . B % HAAs ATAS K
SRS AN R A IR BT — 2R
300 CUA LRy miRIE B, (24 3-2 -1, 4-— 1 2-
SH-PEBEIF [4, 3-b ] W5 (Trp-P-1) | 3-2H&-1-H %-
SH-REWE - [4, 3-b ] 5] (Trp-P-2) | 2-2 FE-OH-A
BEFF[2,3-b] W5k (AaC) | 2-1 FE-3-H1 £L-OH-mit ig
JF[2,3-b] m5|%E (MeAaC) | 1-HFLOH-MEHE I [ 3, 4-
b ] m5|t ( Harman ) 0 OH-BH BE 31 [ 3, 4-b ] 15| & ( Nor-
harman) 45 ; 55 "R A FEMEMRIS . W IR RIS A it g
K, XK RNEARRBGEN, FHHE
FEE 3 R BE AR SAF T (100 ~ 225 C) &5 L,
et Fmy 10 SRS, HET, M T4R. &
PG i R ) HAAs IARSCBER 8%, (BX T2k
0T & HAAs BT AL ARS8, A ek
— A

B TFaEm TR RERE AR, RIFEMEL,
SRR, FNFFER RTINS MBEAR,
R, 23R AR 75 A R AR ik
(HPLC) ™7 | SR 3k (GC)M | A (-
R i (GC-MS)M™ 1 ¥ 48 o 3% 3% ¥ (LC-
MS) B AR — R A R TR OB A € 3 T G
R, ekt REUEME WS T
T2 FEARRE TR, AR IS4 T8
HIF AR LR, RGP HbIE L T S RIXS T T
FI AN S BT oK, A B RS A 2 A o
HAAs BBk e R 751 o SCRER sk
VBURH €235 - P, 35 R BEK 5 15 5 ) o 00 g £ 20 T
H 12 Ff HAAs 317 T REMBIR, LUNARE #ET
ERAT, T T BBORAH SRR B IR,
MITEESE THRE . R, & (58 A T s

I BRI
1.1 {¢3%

Accela #BE R AH 3% . TSQ Quantum Access
Max =5 PUZAT iYL (3E Thermo Fisher 24 ] H
i) . Allegratm 64R 15 3 ¥ V4% B 0> HL ( £ E Beck-
man /A & H f) . Caliper Turbovap LV 4 H h ik 45
TAEwG (EE Zymark 237 H5h) « 12 S8 IE H 30 B AH
RECRE (TEE CNW ARd &) . TASZ—BF
K- (P& Sartorius 23 &) Hi ff ) . Milli-Q Z 8 F 7K

KA A% (3% E Millipore 23 7] Hi ) . MCX & AH A< B
# (500 mg/3mL) (3EE Waters 225 H 5 ) o
1.2 X E54#

12 % HAAs fR¥E S 9H-RELBE I [ 3, 4-b ] 5|
(Norharman ), 1-F ZE-9H-ni i 3 [ 3,4-b ] m5| Mt
(Harman) . 3-Z3&-1, 4-— F Z-SH-IBEIf[4, 3-b ]
W5 (Trp-p-1) | 3-2 2-1-H E-5H-MLBE I [ 4, 3-b ]
WG|k (Trp-p-2) | 2-2 5&-3-FH FLBRmk JF: [ 4, 5-] M mk
(1Q) . 2-z -3,4-— F B BK e Jf [ 4, 5-f ] m ok
(MelQ) | 2-25E-3, 8- — HI B WKL If- [ 4, 5-f | M N ok
(MelQx) . 2-573L-3,4, 8-= HI L bk mk 3f: [ 4, 5-f] s
WERk (4, 8-DiMelQx ) | 2-Z -3, 7, 8-= FI BLBk M Jf:
(4, 5-f]EsIREmk (7, 8-DiMelQx) | 2-Z FE-1-F HH-6-78
FLBKMK IF (4, 5-B ML WE (PhIP) | 2-Z B-OH-nit bE If:
(2, 3-b ] 15| ( AaC) F1 2-Z Fe-OH-MLBEFF:[ 2, 3-b ] 5]
Wk (MeAaC) ; 3 Fhe3RfENpR: OH-MLBEI(3, 4-b]
M5|Mt-d7 ( Norhaman-d7 ) | 2-883&-3, 4-— FF ZLmpkmk 31
[4,5-f] Msobk-d3 (MelQ-d3 ) i1 3-& F-1-F F-5SH-Ml
BEJf [ 4,3-b ] W[ E-13C1215N ( Trp-p-2-13C1215N)
¥ 3 i K Toronto Research Chemicals /A ], B
B2, ZBRZEE. ZIE. —EH k. =2 haiL
4fi (&= TEDIA AR &), HAREG 404 2
=l

RIS 6 B, KKK 55 ~60 cm, HREK
Jiit#y2 500 g; i 15 B, KK K30 ~35 cm, &2
PRBR 2 600 g; #1125 B, kKK 25 ~30 cm, 4
RARTTRZ) 400 g, ¥ E TR RET .

1.3 tREBRRAEH

S AHERA R 12 Fh 2 IR REAR HE S 4 5.0 mg,
LI EA M EAZE 50 mL, o R VR BE 3 R 100
mg- L™ [ SRR A A5 W A BIMER AR EL 3 Fh A AR
( Norhaman-d7, Trp-p-2-13C1215N, MelQ-d3 ) %
0.1 mg, UIMBHAAER R 10 mL, FHGTEEE
9 100 mg-L~" fBAAREE & W . SRFIZ SRR
ik, B At A5 VRS ) LB MR R 10 pg -
L', 20 pgL™", 40 pg-L™", 80 pg-L™'F1100 pg

LR APRE AR, PARTEYREE N 100 pg
LY, MR HR R VR B R R R A, 4 A o i

2.
1.4 HmATE

WEEE f, #RSRAPY, F 100 CKRBMME
BHAMWRCA AR, HIRKEE, W20 g
Sy, BT 50 mL .08, filA 100 pL # 1 mg
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T FIAF. AR (- FRUE S R IR Rk IR R RS T A P 12 MR B 9

L NRAEWFE T/ER, A 10 mL Z R 2.8, 3
mL 2K, 1 mL =2}, H®IEEA 5 min, 10 000 r
-min "' B0 10 min, ¥ LEREBE 60 mL WK 4EE
o, FREBFEA 10 mL ZROBRES R K, &
LEW, T45 CTASRKRZEET, A2 mL H
B, WRBEFEST MR, 3 000 remin ' B0 5 min, ¥
FIEW ERETWISEA S mL 9 0. 1 mol-L™'£5f&, 10
mL 7KF1 5 mL FEEARIR 6 AL MCX A |, EX 3
W, RIEM15 mL FEOKEWRLIVIREE) : V(K)
=4 :6], 2 mL KARKRWBE, /5 2 mL FIEE-
SZUK[V(HEE) © V(ZEK) =9 1 1]¥EHZE 10 mL i
B, RS 53T 0.22 pm {5 L U8 B4 HPLC-MS/
MS 5317 .
1.5 figxst

Thermo Hypersil Gold C18 (50 mm x 2. Imm,
1.9 pwm), #¥EK 30 C, Wshi A K 5 mmol-L™
CTREKTSW, VishHE B i FEE, SR 6 EE VR
W7, BREEVEMRR)F LR 1 (R 10
pl) o

®1 RIEHERBERF

Tab.1 Gradient elution with mobile phases

@(5 mmol-L™' Z MR W) /%  o(HEE)/ %

t/min ammonium acetate methanol
(A) (B)
0 90 10
2.0 90 10
3.0 20 80
5.5 20 80
7.5 90 10
12.0 90 10

1.6 g

IS B TR (ESD), IEBFH, WS HE
3500V, #5#10.5 L-min"", #BIS K3 L-
min "', BAIEIREE R 380 C, RS KES (0.2
Pa), SRAHESER NI (SRM) H#iX . SRM £&
XEBEFREEENLE 2,

2 RS0

2.1 ZEAHEMEEE
EAUIREGREY, E9EARKEMTERIE
HE. BB R P A SR & BRI FRAET

R2 RHEABREALAVNEESERREST
RIREUBIRIESH
Tab.2 Qualitative and quantitative characteristic ions

and optimized MS/MS parameters of 12 HAAs

compound mother ion daughter ion energy

1Q 198.9 184.0"° 27
157.0 35

MelQ 212.9 198.0* 27
197.0 36

MelQx 213.9 199.0* 28
131. 1 39

PhIP 225.0 210.0° 30
140.0 50

4, 8-DiMelQx 227.9 213.0° 30
212.0 50

7, 8-DiMelQx 227.9 213.0° 28
131. 1 29

Harman 182.9 115.1* 33
89.1 51

AaC 183.9 140. 1 33
167.1* 24

Trp-p-1 197.8 181.1* 23
154. 1 29

MeAaC 197.8 197.0* 25
181.1 24

Norharman 168.9 115.1° 34
89.1 47

Trp-p-2 211.9 195.1* 35
167. 1 38

Norharman-d7 175.9 120.2* 35
Trp-p-2-13C12, 15N 200.9 155.1* 31
MelQx-d3 216.9 199.0* 28

H: . ERET

Note: #. MS/MS quantitative ion

eI, E I 7K B 7 AR A A AR A
OZFR R 2P R ™0 SR R R A AT B4
TGS R HERATE, SO EBUKE A AE N ZEH
Fedn, BRI,
2.2 HRATGEFHHRL

B AT AL AR BN A S R AR E
ML, XA IR BEAT HER . A S RE A B ) 2
fifio TESHISIREGH . SPE Bk /ME AR 3
AR ZR X S PO Y i Ak 2R ) SR IBUSCR AT 04



10 2R U

ERE

2.2.1 4R BT A % K2 HAAs 25t A8 10,
WA ERIR T ZROE. O k. 8 3 FhilHvE
RPRBGN A 5% LR Tk TR, B 3 AR
EAIRIRBURR . 5RRY, CIFW RN,
AT, PrigntiEad & B RS, AOkks
SRR AL ARS, WIELUGHEREEE
AR, BOEWRITHBEIR; CROMERIGERER
WA KT, AR, BrLidnk 2
R R TE B AE RGN . [FIRT, %FI3RRE
RAEPIRZE, FG K P A 3 K Bk F B A A it
pH, BEE pH BFE, Z4REBi KNSR, B 5%
RTFAPIRBOER F iR 56 1 B 2. R 2.1
FIELAE PSSR T 2K M=k, FHEEGERIE
TN = Z R %ot 2% B0 e 1 T SO SR S, 5 SRR B,
MEKPEINER 3 mL, =ZFREEME R 1 mL
At 23R B AR B R A . I EL 3R B I 56 2. R
LR, PR, SNAREESEST, Fmigs
R

2.2.2 SPE ¥ fb/MERIEER H R 5 o HAAs
f AL 77 3R A GROSS 25142 1 ity ph ik 3 AL A
PRS 45 AT, HRZT LM SRS TR
Z, B EMRRIR, B, ZsEER
T PRS, C18, MCX. HLB. #if#l Florisil 6 F/)
FE, SRR HE R ML SEBR AR S AR BUBOR B2 6 Fh
SPE #1:X%F 12 Fp 2 SRR 2 m 45 3R . S5 R B, W
Fr MelQ-d3 7€ C18 A LHiRI K, SFEIHLFE
W5 ; & HLB & B} IQ. MelQ. Harman, AaC F
Trp-p-1 REEFR BB 305 BLAE A F WA FR
#, PRS fH5 MCX H: bR, MCX it E TR T
PRS 1, Hintr BB FTEFRE, MCX /NHEXT
B s £ et T PRS K, 45 FFrk, %A
MCX HBCE R, ERbilr, x5F "
I LILLIAN %1% gy 4k LR —3%

2.2.3 WEBIRIERE  CH T HEFEEMEBA
4, % 100 pg-L~'HAAs fARAEE WS MCX
b, 4B A 0.1 mol -L'#h R, H M. H B/
AU R R R B, I s — A Yk I R
TR . S5 5R Bn, R B Rk i v R
R A o] B AR A A8, T — R RS B
B/ 2K R/ R A I WVE RS ) HAAs,
FE S ARBU B B =K. BB/ R IRMIR
AW B BT k. KBEEET A
AT B0 H BE S 20K R X 2% 30 g [l i 6

M (R3) . SEREW, HAARKESHEY
HELSH R, FEHR M HAAs ¥R 5 9 vk B F ok ;
M VCHREED) © V(ZEK) =9 0 1 B HAAs BBIR 47 4%
VML ok o
2.3 BigEHFNRAHLRIERE

RS Bl i HAAs Z5HAEL, 7EE 7K A
FLBIA T A REAS BT 43 B8, #CRA 5 mmol -
L' ZBRE AR BRI sh M. RIRGER %
B, ZRRE/KBEWRMPEERNBEIAR, X HAAs 53
BEMABEAEVRNER ., SRsMEP PR
B ET, WAV R B R, IRRETE A
R, HIEERZE, i EE AR
R, HERT M, ERRE . £2REIRE, R
R TR B T . 51ES MW G3EHE
bb, FEMARAT HAAs 800 B R 4 25 B Akl
RYE, EYHRWIREA RGNS E, THR
/N, [FIET SR TE S AH TR A BRI T pH, 4%
FRIRREHRRE ) (B I I TR R A, A i) th Rk )
BAFHIAT B o RALSRA T 9 12 FhZuIRRE ) SRM &
LA 1,
2.4 REFENRUERTE

BUREWRE K 10 ng-mL ™" 12 R 35 e v
S E R b R B 2R L 5 L -min ~ f 33 B
FE, VAT B4 R R, R 12 Fiuf
JHe b o it i AR Y B 2% 4 o

PG HAAs (Z5HFRIE, EEESFHRX, &
FEALBE S B R B SERIE S, RE
12 Fh A3 B A 3 AN bR (B EWKRE SN 10 pg-
mL ) BER S FETIE, REURSNRES,
TR EFRIEER, bR
EHWEREMERSRE SIS SBER A EFE
SIREIRBIER K, BE BN B s R S
FEREREF, KEHENEEE T, 12 Fid
IR P 5 B REIE B F R AR S S HUL 3R
2,
2.5 ZHEHE

XoF 45 2% B g 11 U T R 55 PR g T R ) B B
HFR R HATR R T, BSR4 Bindei ik
PRRETAEMZR . 2550 KW, 12 F HAAs 7£ 0 ~ 100
pg- L TEEINE RIFMREXRR, HERER>
0.99, TMiSEPrAMEH RN HAAs #5053 50— MR 7E
0 ~100 pg-kg ™' Z[A], AT L% 532 A £k M V1 Bl T 3
JESEBRAE S AT 2R
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Tab.3 Recovery of HAAs with different eluents and at different ratios %
V(HEE) : V(HEE) : V(HEE) : V(0.1% V(HEE) : V(0.1% V(HEE) : V(0.5% V(HEE) : V(0.5%
SR V(_%ﬂ;) V(_?ﬂi) HER) =8 :2 HER) =9 : 1 L) =8:2 HER) =9 : 1
HAAs =8: =9: methanol ; methanol ; methanol ; methanol ;
methanol ; methanol ; 0.1% formic 0.1% formic 0.5% formic 0.5% formic
ammonia ammonia acid acid acid acid
1Q 66.37 89. 65 17. 00 36.47 ND 66.03
MelQ 96. 08 94. 90 74.10 70. 46 54.17 69. 87
MelQx 93.03 108. 40 99. 29 34.58 85.38 26.91
PhIP 80. 84 89.59 62. 14 29.36 36. 63 25.42
4, 8-DiMelQx 92.40 95. 80 85. 80 86. 15 136.90 52.05
7, 8-DiMelQx 92. 40 95. 80 85. 80 86. 15 136.90 52.05
Harman 29. 05 115.70 19. 80 ND ND ND
AaC 33.25 93. 87 27.52 ND ND ND
Trp-p-1 78.34 98. 65 60. 57 ND ND 60. 41
MeAaC 38. 69 108.24 ND 17.31 ND ND
Norharman 81.99 94.12 50. 48 ND ND ND
Trp-p-2 88.70 97.20 79. 60 ND 73.90 ND

fE: ND. RiGHi; FERF

Note: ND. not detected. The same case in the following table.
100 _ JTrp-p-l
100 0 : L L
| AaC
1 " L 1
100 0 _ Trp'im
100 0 : . .
| MeAaC
100 0 ! !
ez | A Norharman
=1 1 I 1
%g 0 I A Harman
100 0 ! !
I q 7.8- DlMc[Qx
100 0 ! !
I 4 8 DlMeIQX
100 0 : :
I ﬂPhIP
100 0 ! ] L !
] AMeIQx
100 04— ! : !
B A MeIQ
100 0 I T
N
0 FaS i L L
0 3 6 9
t/min
Bl RS T R 12 Fh 43Rk SRM
Fig.1 SRM mass spectrum of 12 HAAs under
optimized conditions
2.6 KR
6 BR (LOD ) 8 B2 7 A= — A BE T 42 4G

H TR S B B R A i/ Nk B
FETHR B R =4 3 A5 R H Ak A i it
WA, EFE— BB R KA 12 23R ledn
HEAR AR, & LRITIESAT AT, 5
BITERIR R (3R 4) o

*4 FHEHKRHR
Tab.4 Limits of detection of method

YR KPR/ wg kg™

compound LOD
1Q 0.50
MelQ 0.30
MelQx 1.00
PhIP 0.30
4, 8-DiMelQx 0. 40
7, 8-DiMelQx 0. 40
Harman 0.30
AaC 0. 40
Trp-p-1 0.50
Trp-p-2 0.50
Norharman 0.30
MeAac 0.30
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R5 THEGRMTR 12 MERRLEWH ®6 TaMlARRER 12 MERRLSWHIMER
AREI R FFEEE (n =6) Bl N E (n =6)
Tab.5 Recovery and precision of 12 HAAs spiked Tab. 6 Recovery and precision of 12 HAAs spiked
in blank grass carp samples in blank crucian carp samples
W ﬂﬂﬁﬁ_ 1 I,/ % AR R IE Wi ﬂﬂbﬁél e,/ % AHRT R E
compound /ngke recovery B2z % compound /neke recovery 22/ %
added amount RSD added amount RSD
1 (0) 5 70. 49 6.32 1Q 5 73.48 2.37
10 77. 80 5.73 10 77.92 2.88
20 89. 46 3.36 20 89.55 3.65
MelQ 5 42.98 1.72 MelQ 5 52.69 2.25
10 57.27 7.05 10 62.35 3.34
20 84.91 9.22 20 94. 60 5.41
MelQx 5 77.24 3.12 MelQx 5 76. 86 4.42
10 76. 04 3.17 10 85.10 3.75
20 95. 44 6. 04 20 96. 39 3.98
PhIP 5 62.51 8.08 PhIP 5 66. 82 2.58
10 75.71 8.34 10 74.92 1.94
20 82.28 6.77 20 95.39 5.87
4, 8-DiMelQx 5 68.92 4.61 4, 8-DiMelQx 5 67.58 3.31
10 78.08 6.64 10 72.33 4.27
20 78.78 7.93 20 78. 82 5.48
7, 8-DiMelQx 5 68.92 4.61 7, 8-DiMelQx 5 67.58 3.31
10 78.08 6.64 10 72.33 4.27
20 78.78 7.93 20 78. 82 5.48
AaC 5 51.90 7.45 AaC 5 58.16 6.06
10 57.85 1.74 10 66.90 4.93
20 90. 87 5.7 20 92.02 5.15
Harman 5 83.10 9. 88 Harman 5 88.99 4.07
10 94. 05 5.08 10 93.57 4.53
20 125.0 9.26 20 104. 67 5.58
Norharman 5 63. 44 7.38 Norharman 5 62.97 3.41
10 81.39 3.44 10 77.54 5.92
20 87.38 4.18 20 82.41 2.53
Trp-p-2 5 64. 61 4.61 Trp-p-2 5 64.92 4.59
10 79.03 1. 66 10 80.35 1.76
20 83.20 9.03 20 88.20 2.31
Trp-p-1 5 50. 08 1.49 Trp-p-1 5 69. 36 3.13
10 79.75 5.08 10 80. 90 2.58
20 83.06 3.1 20 98.92 2.75
MeAaC 5 52.45 1.49 MeAaC 5 61.20 1.58
10 92.53 7.59 10 89.33 2.15

20 95.38 5.38 20 97.18 4.96
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T FIAF. AR (- FRUE S R IR Rk IR R RS T A P 12 MR B 13

R7T TAEKBARET 12 FHRRRLSWE MR
Bl EFIEEE (n =6)

Tab.7 Recovery and precision of 12 HAAs spiked

in blank white bream samples

YR ﬂﬂﬁﬁ_l /% HAXS AR
compound /ngke recovery B2z %

added amount RSD

1 (0) 5 75.53 1.72
10 88.52 2.82

20 92.01 2.24

MelQ 5 50.20 4.47
10 64.23 3.95

20 83.30 6.23

MelQx 5 76. 86 5.35
10 87.43 4.21

20 96. 80 6.72

PhIP 5 64. 82 4.43
10 78.35 1.76

20 85.53 2.23

4, 8-DiMelQx 5 69.92 2.18
10 76.33 4.51

20 85. 46 5.57

7, 8-DiMelQx 5 69.92 2.18
10 76.33 4.51

20 85.46 5.57

AaC 5 53.47 1.85
10 58.38 2.23

20 97.99 3.32

Harman 5 82.71 3.72
10 99. 54 3.88

20 115.95 4.07

Norharman 5 67.29 3.48
10 80. 40 4.12

20 86.27 1.78

Trp-p-2 5 64. 50 1. 86
10 80.22 3.71

20 85.16 2.97

Trp-p-1 5 72.45 1.98
10 85.76 3.83

20 96. 55 2.89

MeAaC 5 55.88 4.81
10 92.74 3.53

20 102. 10 2.29

2.7 HERMRHEKESEEE

VR R, EIFIERE P, T 100 CAREMMAE
HHRMR I RAAN, EASHES, 238 m
HAAs 5 pgkg ™' 10 pg-kg 'H120 pg-kg™' 34
AKEHIRRUE S, # 1.30 1.4 1 1.5 ik kit 4T
IAR SR, BAIARAKEEATIE 6 K. 45
RER, 12 F HAAs B fnas [ 2y 42.98% ~
125% (K5, £6 FIRT) ., NEREMHLEYE
R, X AT RERIEE M NI FI KR, oAl
BAMLE YA AR RN R ARG . FEA
IARASET, s ECR L ERR e, MR R R 2
(RSD)H 1.49% ~9.88% , HA&H AW R T
TR b S AR
2.8 SEEREEMAIET

N FER RSB EAR ., Ban 2 f
AR XA 27 5 i 1) HAAs & 4 8067
TWE, RER, 2 FmIH 2 aeR I &
HAAs, HofEmpRPmRESEE R (FR8) . B
2 e AR TR

*8 MEH., BERFERPRIRRE
HEMRESE(n=3)
Tab.8 Content of HAAs in fried and roasted samples ng-g™'

wEY w(FHXEREGR) w( FEREFEA)
compound fried sample roasted sample
1Q 5.03 1.92
MelQ 4. 65 1.23
MelQx 1.69" 1.56"
PhIP 0.51* ND
4, 8-DiMelQx 1.10° ND
7, 8-DiMelQx 1.10" ND
AaC ND ND
Harman 13.29 10. 08
Norharman 26. 85 26. 46
Trp-p-2 ND ND
Trp-p-1 ND ND
MeAaC ND ND

W o BT RIE T ERR
Note: #. beyond the limit of detection but under the limit of quanlifi-
cation

3 45
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