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Abstract: Dried Glycyrrhiza uralensis is popular as a dietary supplement in China, and it
is used as an ingredient in spice and herbal medicine in China. To ensure its yields and
quality, pesticides have been abused to control insects and diseases. However, the use
of pesticides readily leads to pesticide residues, which may pose a potential threat to
human health. To ensure that these residues are kept below tolerated levels, the China

Pharmacopeia has stipulated maximum residue levels (MRLs) for some pesticides, yet
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only a few methods are available for evaluation of the broadly contaminated multiclass
pesticides in dried Glycyrrhiza uralensis. The quick, easy, cheap, effective, rugged.
and safe (QUEChERS) method, a combination of extraction and purification, has been
widely accepted by the international community by virtue of providing high recovery,
super efficiency, and good reproducibility. However, because of the complexity of Chi-
nese herbal medicine matrix, QUEChERS method is not suitable for the analysis of mul-
ticlass pesticide residues. Therefore, it is urgent to establish an improved QuEChERS
method for the analysis of multiple pesticide residues in Chinese herbal medicine. The
method of ultra-high performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS) was established for simultaneous determination of 86 pesticides resi-
due in Glycyrrhiza uralensis. 9 kinds of QUEChERS were compared in terms of purifica-
tion efficiency and recovery, the best results were achieved with no graphitized carbon
black(NGCB). The pesticides were quantified on a UPLC-MS/MS system in scheduled
multiple reaction monitoring mode, and identified on the basis of product ion abundance
ratios as well as characteristic fragments in enhanced product ion spectra UPLC-MS/MS
system. The correlation coefficients of 86 analytes were better than 0. 991 3. Detection
limits ranged from 0. 2 pg/kg to 9 ng/kg. The average recoveries of 86 pesticides at the
spiked levels of 10, 50, 100 pug/kg were range of 65.0%-129. 4% with RSDs of 1. 0%-
20.0%. The proposed method was applied to Glycyrrhiza uralensis samples from the
Chinese market. 17 pesticides were detected, including carbofuran and thiamethoxam,
which exceeded the recommended maximum residue limits in some samples. The estab-
lished method has advantages of good recovery. economical and a rapid clean-up proce-

dure, showing enhanced product ion scanassisted confirmation to be a useful tool for
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obtaining reliable results.
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Table 1 Optimized MS/MS parameters of pesticides

L (DP) (Rl g i (CED 81 T3 1.

RS ‘ E BT - B T N il 8
Structure = R B Quantitative AR L Qualitative ZRAE L 2
Pesticides tr/min CE1/V DP/V
category ion pair ion pair CE2/V
BEZs LR 4. 96 192.0/160. 0 25 192.0/132.0 80 10
WE T 7R 5. 46 202.0/175. 0 37 202.0/131. 1 160 13
CAMs K 7.11 116.1/89.0 10 116.1/70.0 47 43
KEZ R 4. 83 163.0/106. 0 13 163.0/88.0 38 39
K R 7.52 166.0/109. 1 17 166.0/94. 0 46 41
25 8. 34 202.1/145.0 15 202.1/127.0 54 41
VDS AT 3.63 207.0/132.0 10 207.0/89.0 51 16
i 7 B 9.71 208.1/151. 0 23 208.1/109. 0 56 40
5 A B 7.96 210.1/111. 0 19 210.1/168. 1 110 20
AR 8. 06 222.1/165. 0 17 222.1/123.1 70 13
T IR R 4.51 223.0/148. 0 12 223.0/76. 1 63 11
KL 9.48 226.1/169. 1 14 226.1/121. 1 130 36
AL 4. 69 237.1/90. 1 11 237.1/220. 1 70 29
3-8 3 7 T R 6.10 238.0/181. 0 14 238.0/163. 0 65 10
ERa 7.25 239.1/182. 1 22 239.1/137. 1 130 47
Bi U 11.72 528.1/249. 0 19 528.1/293.0 160 11
Imidazoles I R 8. 01 297.1/159.0 30 297.1/255.0 150 24
DK fif i 10. 56 376.0/308. 0 17 376.0/70. 1 65 31
IS R = AR 11.16 327.0/215.0 31 327.0/152. 1 181 26
Neonicotinoids I b 6.52 223.0/126.0 27 223.0/99.0 70 38
i vk 6. 20 256.1/209. 0 23 256.1/175.0 60 7
IgE oft ik 7.10 253.0/126. 0 28 253.0/186. 0 120 22
e s 5. 46 292.0/211. 0 18 292.0/181. 0 60 11
OPPs Ak IR R 2. 69 214.0/182.9 16 214.0/109. 0 56 20
K B 6. 66 225.1/127.0 22 225.1/193.0 100 32
S R R 8.76 245.0/75.0 10 245.0/245. 0 100 5
BNER iR 02 11. 41 247.0/109. 0 25 247.0/137.0 60 15
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Pesticides tr/min CEl1/V DP/V
category ion pair ion pair CE2/V
LA 8. 96 259.0/88. 9 16 259.0/60. 9 60 19
ALEH 8. 83 263.1/231.0 20 263.1/216.0 117 26
T 2k W 11. 22 271.0/159. 0 21 271.0/97.0 83 43
FHoE h 5.43 274.0/109. 0 25 274.0/220. 9 32 31
AR A 8.76 276.0/220. 0 20 276.0/248. 0 120 20
S H FERE IR 6.76 277.0/183.0 16 277.0/249. 0 120 51
N-L LR IEm g 9.13 278.0/294. 8 25 278.0/245. 8 110 26
AU B 7B 6.10 279.1/264.0 26 279.1/247.0 130 22
[BiE=R 7 9.35 293.0/171.0 16 293.0/247.0 130 14
g 6.67 293.1/237.0 21 293.1/265. 0 140 33
R Ry TRTA 6. 74 295.0/104. 1 47 295.0/217. 1 120 14
W T T 10. 95 299.1/163.0 33 299.1/271.0 110 26
SRR 11.56 299.1/77.0 16 299.1/129. 0 67 26
W e 7.25 300.1/174. 1 19 300.1/277.0 150 12
AN 9.55 303.0/145. 0 13 303.0/85.0 120 48
TR 11. 34 305.0/169. 0 27 305.0/153. 0 80 32
L g 7.37 309.0/281. 0 18 309.0/253.0 120 9
A F RN 8. 80 309.1/253.0 23 309.1/281.0 130 20
%: 25 12.47 314.9/258.9 23 314.9/286.9 43 30
S 10.78 314.0/120. 0 22 314.0/162.0 67 47
15 h 9. 60 318.0/160. 1 9 318.0/132.0 110 25
. Jh T 9.77 318.0/160. 0 16 318.0/133.0 38 19
E-47 NI 7.18 320.1/233.0 34 320.1/292. 1 140 16
I 11.46 323.0/170. 9 19 323.0/295.0 100 19
65 0 Tl 12. 62 334.1/198. 1 28 334.1/306. 1 160 28
AL W 7.90 336.1/266. 0 28 336.1/308. 1 160 30
SRR 11.78 346.1/245. 0 8 346.1/287. 1 60 12
4 i 12.52 350.0/198. 0 29 350.0/97.0 82 28
7R 10. 76 359.0/155.0 18 359.0/127.0 110 20
RZ BB 11.55 368.0/182. 0 20 368.0/322.0 71 55
Others I%: H Jij 10. 25 311.0/158. 0 21 311.0/141.2 72 13
ENN 5.65 197.1/46.0 24 197.1/117.0 96 13
KA 11. 31 235.0/207.0 25 235.0/163.0 60 21

KA W 10. 32 270.1/119.0 32 270.1/228.1 130 21
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Structure & Ll Quantitative e e 1 Qualitative =Rk L 2
Pesticides tr/min CEl1/V DP/V

category ion pair ion pair CE2/V
e 10. 16 272.2/171. 1 26 272.2/199. 1 140 19
F i 9E 1 i 9.68 276.1/244. 1 20 276.1/168. 1 80 49
I ik i 10. 24 301.1/198. 1 12 301.1/170. 1 81 14
g 195 12.53 306.2/201. 1 15 306.2/116. 1 100 31
i 7 ik 12.37 322.1/227.1 21 322.1/185. 1 90 23
RFER 10. 89 326.2/294. 2 14 326.2/208. 1 90 10
1 st 10. 77 353.2/133.1 25 353.2/297.2 70 35
975 VTR 12. 00 360.1/164. 1 23 360.1/268. 1 100 43
ik il 52 13.23 365.0/309. 0 17 365.0/147.0 110 18
el 12.83 368.2/231. 2 14 368.2/175. 1 60 23
B 420 o T S 10. 28 369.2/149.1 24 369.2/313.2 70 20
MR AR R 11. 61 376.1/316.0 25 376.1/288.0 160 35
H 11. 32 388.1/194. 1 17 388.1/296. 1 80 23
)5 T g 11. 80 409.1/186. 1 25 409.1/206. 1 160 23
SR R 9.22 481.9/293.9 20 481.9/450. 9 90 47
PYHs TR 45 2 T 12. 31 303.2/135.0 12 303.2/169.0 80 23
T1Zs =74 6. 64 190.0/163.0 29 190.0/136.0 180 15
IE 1 [ 8.39 284.1/104. 0 28 284.1/228.0 100 47
i T g 9.82 289.1/70.0 24 289.1/125.0 130 30
EA VLA 9.37 294.1/125.0 50 294.1/165. 0 100 17
T I 10.13 308.1/70.0 27 308.1/125.0 150 23
L I i 10. 30 314.1/159.0 45 314.1/185.0 110 36
AT s 10. 24 316.1/247.1 25 316.1/165. 1 80 20
74 ik A e 10. 98 406.1/251. 0 37 406.1/337.0 120 49
e s i 12. 74 422.2/366. 1 23 422.2/215.1 100 21
G 10. 86 454.0/436.9 15 454.0/367. 9 50 32

TE 1S R7m WARY i

S ARE A5 AR 25 B4 HL A BT W T DL I R
% (1 RAGE 5T CHE-0. 100 H R /K ¥ W
Fi-0. 126 F R K 5 . 215 -0. 126 YR 7K % TR
(% 10 mmol/L B R 3 Fhifi sh AR & . H
BPRERTE L. AT, REBLEWE L
5 A A R AE e 5 AT 3 S e SR R
o 0 R HLAE S P il 2l A S % He bk
IAEERUNN e =l R R T (O] 8 AL T =
P RV TR R R R 1 I A AR a3 T KB 43
RIS W ES Ak T LA T 5 A R

ARG Y E P GE TR LAY
WG, £ 2 E-0.1% B R K I W (& 10
mmol/L R E) i g A, R Z Rk 2546 &
P %) WA T At i oy 58 v o AL AT R R 254k
A 0 1 I 7 SR R A R A A0 O R K 2
AR E-0.1% F R KA (& 10
mmol/ L F R £ by it sh A .
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=
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volume on extraction efficiency
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PUER 55 B2 Pk W) Tt A 45 4 i W B &k 2R, fH 2
PSA it &R M B RIEMRAGHEY
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Table 2 Different adsorbent composition tested in present study
200 440 1 Bt
i Amount of each componet in each adsorbent
Absorbents
1 2 3 4 5 6 7 8 9
Je 7k MgSO, 750 750 750 750 750 750 750 750 750
PSA 100 200 300 200 200 200 200 200 200
C18 200 200 200 100 300 200 200 200 200
GCB 0 0 0 0 0 10 20 30 50
00— e - 0 00 R 43 19 0 7 1L 35 4 BT 512 £ 1 40
qof GO S B L T VA TR RO 9
8 Groupd 2 IO RO T — 90 e 9 A
: oo AT (1.2.5.10.20.50.100 pg/L). 5 fl
& 40 A ME =Eene/ Rootven FEH ME, HHP S e B8
25 1T B ) B 1 s M T TR P R T s e R
B ke T8 25 T 00 11 A5 1 1 T R 1 R oy
S E—— Y. ME fHE 0.8~ 1.2 2 [ . 25 Uk
i 7T LB 22 W s ME ™ 1. 2 i . 55 B Wy 3% J 4%
100 5% s ME<C0. 8 I}, 58 Bl o4 2 B 40 il . 86 Fp 4k
= 245 1 5 R 4 A R T 5L o i i R
3 th, 86 Rk 2 66 e 2 2 B I W ) A
= A0 A 0 LS % o K e T O 8
S 40t P BT A T R SR AN . R AR AR E AR A
iﬁzo_ LGB A 5 B SR FH I IR U B 6 O O 2% 0
e ANFETT TR
0 2.4.3 MRV KRR L i B AR

Tk :a. PSA il C18 JiT R Ak s b. GCB F#: Al fL
3 AN TE) B B 48 B X 42 B[] 0 2R B 2 T
Fig.3 Effect of different adsorbent

composition on recovery

2.4 FHEFERIE

2.4.1 FEEFESMHE BRI A
FHR 1. 3 TR T AR, A3 SRy HL AR B A0 86 Fih
K2R A FRAEIR I (10 pg/L) FEM 4L By UPLC-
MS/MS Z 4 #4700 . 45 Rom T’ 4, W]
LB AR R W 86 Fh AR 254k A W TS Y L i
L AE AR I O B B TR] S N A T AR Y
HF AR AR S A R

2.4.2 LMY 7E UPLC-MS/MS 4 #i .
BTN (ME) J& 48 76 ESI &+ 8 T4 il 43

86 M A 24 1 2 1 Tl LA G R B E &
FRLA H PR S0 A Bl i 32 51 T 3R 3. 86 Ak
246G W I H R BT bR o 2 ok R S L Dy
5~500 pg/L, LR BEN « Bl 2 & 8 F XY
WETRTFR Oy il 2z o b o i £k b B 9 R Pk
I RE(HBIRTF 0.991 3, 4% 53 LL{E M L
(S/N)10: 1 #1 3 = 1 A& & R (LOQs) Fl £
R (LODs) , 86 & 25k & ¥ 1 LOQs Al
LODs 43 %)~ 1~30 png/kg fl 0. 2~9 pg/kg.
XF10.50.100 pg/kg 3 47K By A 258 & br
P VA VR JBT AT AR S B 3 SR B Tl i R
AR X AT HE A 22 (RSDs) & 45 > 7K P By [ g %
SR 65.0% ~129. 4% .64.3%~107.6% .
65. 4% ~128.5% ,RSDs 433} 1. 0% ~19. 3% .
1.0%~16.9% 1. 1% ~12. 4% , ¥ fE Al % %
LN .
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Fig.4 MRM chromatograms of 86 standard mixtures (a) and blank matrix extract (b) of Glycyrrhiza uralensis
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Fig. 5 Matrix effect evaluated of pesticides
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Table 3 Linear ranges, correlation coefficients (r), LOQs, LODs and spiked recoveries of 86 pesticides

i e MXFH ERE KHE i

Pesticide Linear range/  Correlation LOQ/ LOD/ Recovery/ % (RSDs/ %) (n=6)

(n=286) (pg/L) coefficient (r) (pg/kg)  (pg/kg) 10 pg/ke 50 pg/kg 100 pg/kg
16 K 1~100 0.9998 2 0.6 72.6(10.2) 95.1(3.5) 75.6(1.2)
K% 1~100 0.9993 2 0.7 75.506.5) 94. 1(8. 8) 78.5(5.3)
K 1~100 0.9995 2 0.7 76.5(3.3) 95.0(2. 2) 75.3(3.3)
=g 1~100 0. 9994 2 0.6 68.6(2.8) 64.3(1.5) 65.4(2.8)
ZH R 1~100 0.9918 3 1.0 72.4(5.6) 79.8(7.8) 72.4(3.6)
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Pesticide Linear range/ Correlation LOQ/ LOD/ Recovery/ % (RSDs/ %) (n=6)

(n=286) (pg/1) coefficient () (pg/kg)  (pg/kg) 10 pg/kg 50 pe/kg 100 pg/kg
K 1~100 0. 9996 5 2.0 65.5(1.3) 67.1(3.6) 68.8(1.3)
E T R 1~100 0. 9996 2 0.8 70. 6(2. 6) 73.3(2.2) 75.2(2.6)
22, 1~100 0. 9977 2 0.5 76.4(3.3) 94. 8(1.5) 74.4(3. 3)

T I BN 5~500 0. 9946 20 6.0 97.6(12) 74.3(5.5) 100. 0(2. 2)
AR 1~100 0. 9998 5 2.0 77.3(1.2) 94.2(3.9) 76.3(1.7)
iy 1~100 0. 9998 5 1.6 78.7(2.5) 93.6(1. 8) 75.8(2.7)
Ak R R 1~100 0. 9942 5 2.0 75.4(1. 0) 74.1(3.5) 74.4(3. 4)
HH 1~100 0. 9998 2 0.6 73.1(3.7) 95.0(1.2) 77.4(3.7)
DR 5~500 0.9916 30 9.0 85.7(7.1) 78.5(11.1)  104.9(7.1)
W ot K 1~100 0. 9959 5 2.0 71.3(5. 6) 90. 5(2. 8) 73.2(5. 6)
R B 1~100 0.9997 3 0.9 79.3(2.6) 95. 2(5. 6) 79.8(3.7)

K L, 1~100 0. 9994 5 1.6 74.0(4. 3) 94.1(2.9) 74.5(4. 3)
P A 1~100 0. 9995 5 1.5 76.3(3.7) 76.5(7. 6) 74.0(3.7)
EY°7 A 5~500 0.9914 30 9.0 129.4(19.3)  93.2(16.9)  100.2(10.5)
3-FRHE T B 1~100 0.9993 5 2.0 77.7(1.7) 99.3(2. 6) 77.6(1.7)
B R 1~100 0. 9994 2 0.7 79.3(2.2) 95.0(7. 2) 80.2(2.2)

S PR 1~100 0. 9994 5 1.6 78.1(2.3) 99. 5(6.7) 87.1(5.5)
bt 1~100 0.9998 2 0.8 71.6(3.3) 94. 4(1. 6) 74.1(3.3)
nge it Bk 1~100 0. 9995 5 1.5 76.3(5.5) 89.0(1.9) 79. 3(5.5)

i, o1 bk 2~200 0. 9983 10 3.0 70. 6(6. 1) 90. 4(5. 6) 72.6(6. 1)
L 1~100 0. 9998 5 1.4 79.7(10.5)  101.3(14.2)  72.4(8.5)

R R iR 1~100 0. 9992 2 0.6 75.6(1.7) 92.9(2. 3) 74.2(1.7)
R e 1~100 0.9993 2 0.6 72.1(9.1) 95.6(1. 4) 75.4(5. 3)

T £k 1~100 0. 9985 3 1.0 77.4(1.3) 95.1(2.6) 77.7(1. 3)
Bl iz 1~100 0.9993 5 2.0 77.2(1.5) 92.0(4. 2) 76.2(1.5)
HE 5~500 0.9977 20 6.0 74.3(1.6) 93.6(1. 6) 77.4(1.6)
PUE=RT 1~100 0. 9992 5 1.6 79.7(11. 6) 94. 4(6. 6) 83.1(5.7)

P I 2 e 1~100 0. 9996 5 1.5 77.4(4.0) 94. 1(6.5) 76.9(4. 0)
S PR 2~200 0.9972 10 4.0 74.7(5.4) 100.2(1.4)  75.7(3.0)
N-2 2, 35 B 35 0 e Tl 1~100 0. 9988 5 2.0 77.3(2.5) 94.9(1. 0) 70.6(2. 4)
S B I 1~100 0. 9991 2 0.8 78.7(3.8) 91.9(5. 6) 78.7(8.7)
B T ik 1~100 0. 9990 2 0.4 73.3(3.7) 94.2(0. 8) 73.7(3.7)

I AT e 2~200 0. 9994 10 4.0 75.1¢3. 1) 90. 5(2. 6) 77.4(1. 1)

e tht Wi 1~100 0. 9981 5 2.0 72.3(3.5) 92. 8(1.4) 77.0(3.5)
L2037 1~100 0. 9998 5 1.6 75.5(2.9) 105. 0(4. 0) 73.9(3.7)
AERE 2~200 0. 9986 10 3.0 100. 3(2. 4) 88.5(1.3) 102.5(2.5)
E2 1~100 0. 9995 5 2.0 89.2(1.2) 89.3(1. 1) 73.7(1.2)
AU 5 1 1~100 0.9977 5 1.5 79.3(2. 8) 98.9(1. 9) 76.5(3.7)
I T R 1~100 0. 9995 5 2.0 76.5(5.0) 66.4(5. 8) 75.8(5. 1)

1 Tl 1~100 0.9997 5 1.6 70.2(1.2) 93.3(4.5) 70.7(1. 2)
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Pesticide Linear range/ Correlation LOQ/ LOD/ Recovery/ % (RSDs/ %) (n=6)

(n=286) (pg/1) coefficient () (pg/kg) (pg/kg) 10 pg/kg 50 pe/kg 100 pg/kg
Bk 2~200 0. 9994 10 3.0 68.5(3.4) 97.5(8. 4) 77.2(3.4)
W e 1~100 0. 9998 2 0.7 72.2(9.5) 95.2(2. 1) 72.2(9.5)
T ks - 5~500 0. 9980 20 6.0 80. 2(2. 3) 104, 7(2. 4) 78.6(5. 4)
EX(Y 2~200 0.9998 10 4.0 76.3(3.2) 101. 4(5. 1) 87.6(3.2)
9 1 3 g 2~200 0. 9992 10 3.0 77.1(3.5) 102. 3(6. 2) 76.9(3.5)
R 1~100 0. 9998 3 1.0 69. 2(4. 6) 99.0(2. 3) 70. 0(4. 6)
E 155 i) 1~100 0. 9996 2 0.6 75.4(1.2) 88.0(1.7) 77.6(1.2)
% it 1~100 0. 9996 5 1.6 72.0(2. 1) 81.6(4. 0) 73.5(2. 1)
ER 1~100 0. 9996 2 0.7 71.7(1. 0) 96.0(1.2) 77.6(1.0)
AFE RN 2~200 0.9998 10 3.0 75.9(8.3) 92.1¢8.1) 77.5(6.4)
% H fig 1~100 0. 9996 3 1.0 77.2(1.0) 93.0(2. 3) 75.6(2.2)
o g i 2~200 0. 9992 10 3.0 68.8(2.9) 89.9(1. 1) 85.4(2.9)
T 2R T 5~500 0. 9992 20 6.0 77.7(3.4) 92.5(3. 1) 77.7(3.4)
S R 1~100 0. 9997 1 0.2 78.6(2. 8) 87.7(6.4) 78.6(2. 8)
SR 2~200 0. 9998 10 3.0 75.5(2.4) 92.5(2.2) 75.5(2.4)
1A 2~200 0. 9985 10 3.0 73.8(3.9) 107. 6(1. 7) 73.8(3.9)
IV fi B 2~200 0. 9997 10 3.0 75.4(3.9) 91.1(1. 8) 75.4(3.9)
TR WA 2~200 0. 9991 10 4.0 75.3(4.8) 84.0(3.9) 75.3(4.8)
it 4 ik 1~100 0. 9996 2 0.7 78.5(1. 6) 87.9(3.5) 78.5(1. 6)
oy e 1~100 0. 9994 5 1.7 70. 8(6.5) 99. 9(10. 5) 70.8(9.7)
R 1~100 0.9998 2 0.5 76.0(3.2) 95.7(2.9) 76.5(3.2)
I8 I 5~500 0. 9998 20 6.0 73.3(4. 1) 94.0(2.2) 73.3(3.2)
IR LRI 1~100 0.9998 2 0.7 73.6(2.2) 94.1(3.2) 73.6(3.0)
B HRE 1~100 0. 9997 3 1.0 79.8(2.2) 91. 7(5.0) 79.8(2.2)
56 2~200 0. 9995 10 3.0 76.5(3. 6) 90.5(1. 2) 76.5(3.6)
1 1l i 1~100 0. 9995 5 2.0 72.8(5.6) 98. 2(4. 3) 72.8(2.7)
A 2~200 0.9993 10 4.0 70. 4(5.5) 94. 6(4. 6) 98. 7(4. 1)
I e 1~100 0. 9997 1 0.3 75.7(1. 4) 102.3(5. 1) 77.6(5. 1)
T gl R 2~200 0.9998 10 3.0 65.0(4.0) 87.8(5.5) 110.6(3. 0)
R 1~100 0. 9998 2 0.6 65.1(1.7) 92.4(1. 6) 125.5(1.7)
el 1~100 0. 9990 1 0.2 76.5(4.7) 92. 4(8.9) 98. 7(4.7)
R 420 1~100 0. 9995 5 2.0 71.5(1. 6) 97.9(4.7) 128.5(1. 6)
RS R R 1~100 0. 9995 3 1.0 74.3(3.5) 85.7(1.7) 100. 8(1. 8)
33 1~100 0. 9995 2 0.6 73.6(1. 1) 91.3(3.2) 99.7(1. 1)
H 1~100 0. 9996 2 0.5 72.9(1.0) 96.6(3.9) 100. 5(1. 0)
4 ik B IR e 1~100 0. 9997 2 0.5 73.5(10. 5) 92.9(9.2) 111.6(9.7)
)15 B s 1~100 0. 9994 3 0.9 72.4(7.5) 102.3(10.4)  89.4(8.5)
e 5 i 1~100 0. 9952 1 0.3 74.7(4. 1) 97.1(3. 4) 90. 3(4. 1)
TR 2~200 0. 9980 10 3.0 99.5(12. 1 103(12.9) 87.2(10. 5)
S 2~200 0. 9980 10 3.0 98.5(15.5) 95.5(10.1)  108.4(12.4)
Bi g, 2~200 0. 9998 10 3.0 68.5(3.3) 91.3(3. 4) 76.5(3. 8)

T o R BRI bR 20 pe/ke 5 »x FoR BARIMAR N 30 pe/ke
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