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Study of application of “’Co-vy irradiation in degradation of
four Sudan red dyes and two veterinary drugs residues in foods
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Abstract: The effects of radiation dose on the degradation rate of 3 — methyl - quinoxaline - 2 — carboxylic acid
(MQCA) , chloramphenicol and Sudan [~V were studied.” Co-y ray at different radiation doses(0~10 kGy) was
applied for the foods of animal origin contaminated with residues.The results showed that *Co-1y irradiation could
significantly degrade MQCA in chicken and Sudan [~V in egg liquid.When the radiation dose was 9 kGy, the
degradation rates were up t0 99.0% and 83.5% ~95.7% , respectively. The degrading effect of sudan [~V in egg
powder were not obvious,the degradation rates were only 9.3% ~22.3% .And the degradation of chloramphenicol
was 75.3%.To all of them,the degradation rate went up with the increase of radiation dose.This study showed that
irradiation treatment was effective to degrade some compounds in foods.
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y—4%@ B Ni, L, Cu,, Fe,0,/TiO, g it f£"" |
UV-CH (UVA'™ e flg ™ KBS A 5 BHL 34 7%
AR 5 y— BB AR R — Pl s G E A AR
BT FEY R EAA B, R E AL
FEME oAb 5% B 417 FAO/TAEA/WHO 41
LML R R DA Z SR G S RXE &k
H 28 10.0 kGy & LU T 48 B AL PSR 235 R 7
P22 15 E . Zhaobing Guo a2l g 2B Tangs
Csay %57 BF 57 26 W~ 4 B8 0T LU AT 2% % i AT 3 5%
2L/

S X i BEOT Sl R S A i 4 Fh IR P21 YLkl Fnms
B GHAREE 2 P2 5% R R A 1 FH A BT 5 T P A1
i A LRI, AR SCOR Y Co—y 2k Xt 3l 45 15 35 4k gk
ATHR AL, 25 22 T HIAE AN [R) 4 BRI 4 T 2% B 4 19
ARAEE S, B AR IR R Co—y i BT & b b A7 T 5k
W7 T (R R A R AR, SR Co—~y 48 BB AE £ 5 in TP 19
R R 2 22
1 #RlEF*
1.1 Rl 5 EE

HARIG YL RE s G VKR PR 2156 L PSR
Hgd kel 8 E Merck 28 H] 5 2 Wk O OV 4% .
TCOKBREREN ¥k 43 4l [ 24 42 A Ak 25350 A B
N SRR K B 4B K ; SBEQ— CA4954 Fi 141 %
SPE ¥ I 1fg 5% Bl 22 AL A A BR 4 W] (IR PHLL A
M) 5 Oasis MAX BB F 38 #ett: (MQCA #:i) &=
Waters 2N H) o

TripleQuad5500 = 5 DU 25 4 W AH — 5T 335 16 FH A
AB Sciex, & Waters ; Fit. 47 8 155 250 W AH €2, 3% A% ( 56 [
Waters 2y 7] ) ; CR22G & 3 7R & .00l  Himac H 37
N ZUIFE AR HN200  Anon ¥ REAXER A w3 H
Lol TN gs [R5 RN 1S075 %Y,7.5 MeV,5 kW,
1.2 XLWH*E
1.2.1  HARIFYLHEERHIE #EHL20 2524 0.8 kg Y
i1, 45 25 G0 B 3R )5 2 3E A5 25300, IOUL I 4 2L
o, R TR, Eas 188 B ARV e M BRI
FEAS ; PR 20 H 24 1.0 kg 1Y P25 HIRERS | VAR & 95 )
201 SR T B PR I 90 PR IV g e, BiCH: =
TR R, H45 B SR TS YL BH M I ST 4T Lok i WORE
A 5 BB 434 BRIV LR T 0, K 438 o) i AR
i B SE R BIF T , BLas 002 A9 5] [ SRS YL 5 PR gkt
BOBERYFEAS s 1L 20 H H % 30 d 245 1.0 kg AR A
I, R M 2, TR ARDRE , 2 241 25 S SRR, B
MG R JoT , ILAS e 152 [ AR5 YL L R REAS (&
A BRI MQCA) o % FiRFEAI F-18 T
122 fRAEALER  BU=FhRES , SR Co—y R IR, FR A
HLE SR 7.5 MeV, LR 041 mA T3k 3 kW, Bk
AR RERIE N 9 kGy , HAMAE & 0% 4 BB 22550 o O
1.2.34.5.6.7.8.9.10 kGy,fRIBAL IS F-18 C¥ TR
A o
1.23  KrJrek  ASSEG IT A AT X G 2 2 [ 3R
FRUESA T AR ETEA T 42 vl ARSI, A I ik an
=1 i,
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xSRI 2 Bl 2y
4 TSP IRIN TT 15 (n = 6)

Table 1 ~ Methods for the determination of two veterinary drugs
and four Sudan Red in matrixes of animal origin(n =6)
Kt % S5 bhiifE KT
piSREAN|
piSREan | .
SN/T 3540-2013 Y i — FR IR
ST I VOR3P I T 1
HIHIN
MQCA  GB/T20746-2006 AR - S HEH %L
HEE  GB/T20756-2006 WO (3% - ER IR Bk

2 #RE5IHE
21 AEERFEXTFEBEURAOZME

SRTNRT IR PR T~ IV (R ) s S EEAR U
MQCA (BRI H) (R (BB Ok T ) Ik 6 Fig
R B8 e BT i 04 B B AT I g, AT R Tk R Sy
)k 327 (157 .35.8 .58.4 .38.6 .1.50 pg/kg, 15 F| AR [A]
TR i N AR B I RRE R R (1-C/Cy) (%) o
Horp C R R BRI IR R, C Ron i@ R )5 28 /¥
W& &5 C/Co (% ) FRIRER BE Wi ME X MR B (1-C/
Co) (%) FIRBEMRE ;D RN &, 45Nk 2
Jr7s, EHER 2 A UL, XS P MQCA (1) i HE 55 M 380 R i
R, YRR & 3 kGy B, BB ER S 1A 94.2%
HUOE R P IR PHeL gkl 2R T h 8 R, 2N
AR 9 kGy B, IR FRLT T~ IV 9 B 255 51 Sl
95.7% 85.9% 83.5% .92.7% ; Tii 58 5 2% 1) M4 i > Ky
75.3% o L5HFRI," Co—y FHHEXT S IR I A |k
6 FihAT 5% B W) 30 B AR o Bl A6 o TR 1 1
i, YAy 52 B ek Sl ek v ) R A 2 T2 A AR R AER R TN
BRFTE &t S 22 B
22 HMZKRME

AT RE IR S Ml A AR A fie 2 i AN ] e T R Y
A, AR A (a) et RR £ (x) =eix +c, (b)) #8
BOTHR £, (x) =ce () MEPREL A, (x) =log, (esx
+c.) () ZTMATFEL (x) =c¢,X° + cgx + ¢, Xf 6 Fbt
5% B8 W AR X vk BE ( C/Co ) — % BRGRI & (D) (1 R A it
LTI . RIBMHERE(R) , K a~d PUFp Iy
R b A HO7 B LG R B i A, Forp MQCA 7E 6 Fb
YWl AR R, BLE RN C/C =
101.5503e """ R =53k 0.99693 , i & 1 fiF 7% ; Hivk
JETRPFEL 1~ IV, R 4y %4 0.9828 .0.9813 ,0.9937 .
0.9731 ; G 8 R LG ROERAH XT3 22, R L N 0.92307
RS R AE 5~6 kGy Z [H) [ RPN, 545
B AR ML & R BERE R, T MQCA (Z 2T [~ IV iy
AT LB BN, A R B R R A RO, A8 1k
FABAN [F] 1) B AR A I PR B2 U 285 3 R F L ER Y 22 57
2.3 BEREIEITS

i PR R R y— ST &R Bl 42 5K 43 F SR,
FRAEEA A MRE(HO ) A AMREH) KEGHT
(ey) H,0, SR Mk 7 (L= 1) , i Bl i Sy
TAYER TR Y 5T, 51 & Ak 2 gl W 24, i 31 5 fig
YR,
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K2 R[] X S W) ISR A R TR [~ IV MQCA G35 Y e i i R
Table 2 Effect of irradiation with different absorbed dose on degradation of
Sudan [~V ,MQCA and chloramphenicol in The foodstuffs of animal origin
HFHL ] piyEEAN ST HIHIN MQCA AER
D(kGy) c¢/c, (1-c/C,) cs/c, (1-Cs/C,) c/C, (1-cs/Cy) C/C, (1-C/C,) C/C, (1-C/C,) C/C, (1-C/Cy)
(%) () (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

0 100.0 0 100.0 0 100.0 0 100.0 0 100.0 0 100.0 0

1 86.5 13.5 91.7 8.3 90.9 9.1 98.6 1.4 523 47.1 86.5 13.5
2 61.2 38.8 76.6 234 73.0 27.0 65.9 34.1 19.3 80.7 81.1 18.9
3 52.5 47.6 68.2 31.8 59.3 40.7 57.6 424 5.8 94.2 80.4 19.6
4 41.4 58.7 58.9 41.1 433 56.7 51.3 48.7 29 97.1 78.4 21.6
5 25.7 74.3 47.1 529 33.8 66.2 35.8 64.2 1.4 98.6 76.4 23.6
6 9.9 90.2 313 68.7 26.6 734 14.1 85.9 1.2 98.8 35.7 64.3
7 54 94.7 21.8 78.2 229 71.1 10.3 89.7 1.0 99.0 31.7 68.3
8 44 95.6 15.8 84.2 17.9 82.1 8.9 91.1 1.0 99.0 27.7 72.3
9 4.3 95.7 14.1 85.9 16.5 83.5 73 92.7 1.0 99.0 24.7 75.3
10 4.1 95.9 13.7 86.3 15.4 84.6 7.2 92.8 0.9 99.1 23.6 76.4

A PR P S W 1 e Ay R S I 4 485 A e
[l 77 78 481k Pk 38 (- SO, —) 15 i J5E 1 3 p
(=NH, ,—NH-) , [H 1t , 6 JHe v 0 15 346 Mok T % 26 4R
U JELSZ  11 55 BRVAE A

2.4 P BUEMERTE R AR RIS
15 e TR % 0 T A ) B 5 [ B8 1 4 5 1 I8
firt A RIS A A A ™ L Ry TR r
- E— FIVEIRILAHEE 53 51 423 207 81.0 78.5 pe/ke, HR
D(KGy) R 4P X R A £ 5 T, o B 6 R 2 T
10 MQCA MR IE(C/C,) AR (D) T ATRRAOR B © WGy HOLERR, T3 RIS IR TEL
e S S A 1~ IV M3, G5 50046 3 ik, th# 3 /T L, 2 h
Fig.1 The relative concentrations( C/C, ) of ZFTEL 1~ VI W fif SRR, 535005 9.3% 1‘6'3% X
MQCA in chicken with different irradiation dose(D)of the 223% ,13.3% ,MEH TSI 1- VO RERACR P
‘hicke e ation dose ‘ e 0o b . HG B PR 2R K i 70% ~75% , K
changing curve and the exponential fitting curve B Sk LR 4.5% 224, T Co—y 58 HAE AR IA 15
H,0 oe. +H- + -OH + H,0, Se(1y Rl IR A P 6 A K S TR N AR
BFFER G L A K R e F R 7 W el MO M- SEISPRLT , SR AL A= LITRL , 5 DR fife A1
AR R MR AR 2, KW T el 5 MYIR FH o ULIIAH R o v B 2 00 i IR 5 Sk i iy 2 20
R L T AT N 5 T — Al L R R KRB R T T [ o TR B, el
R AT T LURI AR RE S T it pesiz . oipber O PRI RORCRIRAR (5% Zedh) , i 28 6~10 KGy
I~V \MQCA G2 % 47 T4 K h by 35 47 5w ARICRIVOTRDY FEEAINELNL, i 9 76.4% . T
B, B S AT R A2 B K A T oo, T LR ) RS SRR Y SR SR AR R Ak 100 py/ke
LR TS AL T, SO . e .22 7S KOy BRIARSR, JURR i ¢ i ik 94.31% U
HCI3 5 X WAL AT R 0 DL DA A it g TTIOROTARLER 609 ~85% 2 Il B3 U Ty
SR DR B 0 TR b e s T A ORISR IR A9 JIN B 7 ARG, AR o) B

CIC(%)

REEPUIT K f ol TR ML S 1, G ORI A0, B0 M0t SR D
%ﬁ%ﬁaﬁfﬁ?ﬁ E;/Eg;omﬁemmﬁu 15 4 PR 3 I AEERR A
Zh ‘ = H {1 TENL 3 HPLLT T~V i Z(% D=9 kG
U I IO T S5 B A A A JH 4 35 4 JURIEL 1 WIFRRPR (% D =9 16))
VAT L i A 1~2 A N = N Fil— e OH Table 3 The moisture content of egg liquid and egg powder
?If' o I;NO o E"/: (b A 2 T b EF" and the degradation rates of Sudan [~V (% ,D =9 kGy)
REaS - H,0, S B R EEE g o o o =Y

NN
SNH) %45 VAT BE HO - (O, W #bkr 7 audk, q 0 93163 223 33 A4S
HW 957 85.9 83.5 92.7 70~75

Ak He ey PRI F IR, SRARVK ™ 78 v 4 B A
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B B ) o) A e 52 31T 4R BEOGRL R A B A DL W)
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AR SRR 2 e 1 R A Sl DR R B )
LI 25 5% B PR I B i o

&% 3k

[L13R6E, TS0, 7Nk P, 5 AR & b ok TEA L 2 2RMH
KB AR F B3k ,2012,(10) :69-71.

[2 ] Joint Expert Committee on Food Additives. FAO/WHO.
Evaluation of Certain Veterinary Drug Residues in Food,
Technical Series [ R ] . Geneva: World Health Organization,
1995 :19.

(31Kl Mk, R, & e LB IG5 R o A& % &
MR AT L R [ )] EFF),2014,02.37-38.

(4] & 52 man, XiFH, 5 A F L0 Ak R fo el 7 ok
B R [1].9% 00 5 42 ,2013,29(16) :2095-2097.

(51370 ,4Zit Rt py At n st &[] B 34k 2012,
18(21) :3619-3621.

(6] & THE, 55,704, % 2008-2010 F R B34 (R ) = &
EHEGREH A I]. P B4 E,2013, (12):
35-38.

[7] Wojciech Baran, Ewa Adamek, Justyna, et al. Effects of the
presence of sulfonamides in the environment and their influence
on human health[ J |.Journal of Hazardous Materials,2011,196:
1-15.

[8]F &K FToA4, 2 fe, & XK LEHAGHLER L
F[J]. LifEHEEER,2014,(3) :90-90,92.

(914 9 RELREHRGALAEF[]]. L EFT,
2013, (3) :47-49,61.

[10] g4, AR5, AR, F ARALHEBFHREL
0 ZF AR KA AREREA M 2E [ ]I R Ak £ 4R,2014,30 (1)
212-218.

[11]Yuankun Liu, Jianlong Wang. Degradation of sulfamethazine
by gamma irradiation in the presence of hydrogen peroxide[ J].
Journal of Hazardous Materials,2013,250-251:99-105.

[ 12] Yuanzhi Hong, Ao Ren, Yinhua Jiang, et al.Sol—gel synthesis
of visible — light — driven Ni(,_,, Cu, Fe,O, photocatalysts for

298 20155 51941

degradation of tetracycline [ J ] . Ceramics International , 2015 ,41
(1) :1477-1486.

[ 13 ] Xiang— Dong Zhu, Yu- Jun Wang, Rui - Juan Sun, et al.
Photocatalytic degradation of tetracycline in aqueous solution by
nanosized TiO, [ J].Chemosphere ,2013,92(8) :925-932.

[14] 546, & 75 % ik &, 5% UV-C 53 IR P 5l K 25 4
[J].4 k3 K ,2014,33(3) .75-78,83.

[ 15 ] Francisca C Moreira, Rui A R Boaventura, Enric Brillas, et
al.Degradation of trimethoprim antibiotic by UVA photoelectro—
Fenton process mediated by Fe(IIl) —carboxylate complexes[ J].
Applied Catalysis B:Environmental ,2015,162 ;:34-44.

[16 ] Falk Harnisch, Carla, Gimkiewicz, et al. On the removal of
sulfonamides using microbial bioelectrochemical systems [ ] ] .
Electrochemistry Communications,2013,26 :77-80.

[ 17 ] Shao—Peng Rong, Ya-Bing Sun,Ze-Hua Zhao.Degradation
of sulfadiazine antibiotics by water falling film dielectric barrier
discharge[ J].Chinese Chemical Letters,2014,25(1) :187-192.
[18]5R3 L, A&, 2 2 2, 5F 48 AR Tk b a9 52 A
Bt )] Bk ,2013,38(11) :113-116.

[ 19 ] Alejandra Tomac, Rodolfo Horacio Mascheroni, Marfa Isabel
Yeannes. Modelling the effect of gamma irradiation on the
inactivation and growth kinetics of psychrotrophic bacteria in
squid rings during refrigerated storage.Shelf-life predictions[ J].
Journal of Food Engineering,2013,117(2) :211-216.

[20] 3%, MBE, G4k, 5 58 BE R R[]
B A% 54k ,2013,10.177-183.

[21] 24, #7  A%AF BRABREFRAEGAE LT
fedgArag Hra[ 1] A% T kA3 ,2010,31(8) :78-80,83.

[22 ] Zhaobing Guo, Fei Zhou, Yongfu Zhao, et al. Gamma
irradiation — induced sulfadiazine degradation and its removal
mechanisms [ J ] . Chemical Engineering Journal, 2012, 191 ;
256-262.

[23] 24, #%, AR, § BREERFFPEAGAELHR
Ry AL )]. B F 4% £ ,2010,37(5) :221-223.

[24 ] Taméas Csay, Gergely Racz, Erzsébet Takdcs, et al.Radiation
induced degradation of pharmaceutical residues in water:
Chloramphenicol[ J ] .Radiation Physics and Chemistry, 2012, 81
(9) :1489-1494.

[25] Ftetk, 0%k, F R, & AT RBREAEARCRTEY
HG e R[] A5 T LA 2011, (1) :313-317.

[26] F %, w304, TR, % & F REGREMBE A+ &4
GHEB R[] ARHRE A ,2013,34(5) :124-126.
(27T 5,220,301, 5 & F REBBEMRAL T IRR
SARBEGTHRMA[I]. R FH,2013,27(7):
952-956.

[28 ] 3k vk, Bl & RAKE , F .y 48 RIS AR A P Bk v wg 09 BF
)] 3R A 3 54k ,2011,31(12) :2629-2633.





