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B E: BE  FEeedtE iR A X AR S P Y (PY) . 4R(Cd). SR(Hg). TH(As). B(Sn). BE(ND). #{(Cr)E
GJE O, PN ARG EIR AN L2 F55E R OB AR S EA T AL B, R R R S T
1% 3% (inductively coupled plasma mass spectrometry, ICP-MS)X} 2022—2024 4E7E % T R AT HL X RAE [ 611
A=A Pb. Cd. Hg. As. Sn. Ni. Cr 7 Fion R 205 4L & it A7, ) 8 R 515 4L 45 210 (single factor
index, P;). WHEE 45675 445507 (Nemero composite pollution index, Py)Fl H ¥5 /G #E R £ (target hazard
quotient/total target hazard quotient, THQ/TTHQ)XJ A& /™ ity H H 4 J& B9 V5 Y A T iAo BRI bR
Hg VIANSA R, Hd A 5IRE5 R Pb #l Cr B GB 2762—2022 (&5 24 FE S Fr e 15 H 5 YL e
PRAE ) B Y B i (P < 0.2 mg/kg, Cr<0.5 mg/kg), 7 FUCH & m/AKCF SRR, HAEA ™ 5 b HEIF R Ni
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ABSTRACT: Objective To explore the contents of 7 kinds of elements in agricultural products in a certain area in
North China plain, including lead (Pb), cadmium (Cd), mercury (Hg), arsenic (As), tin (Sn), nickel (Ni) and
chromium (Cr), and evaluate the safety risks of dietary ingestion. Methods The samples were pretreated by
microwave digestion, and the contents of 7 kinds of heavy metals in 611 agricultural products collected in the certain
area from 2022 to 2024 were determined by inductively coupled plasma mass spectrometry (ICP-MS). Index (P)),
Nemero comprehensive pollutant index (Py) and target hazard quotient/total target hazard quota (THQ/TTHQ) were
used to evaluate the pollution levels of heavy metals in agricultural products. Results All elements except Hg were
detected in the agricultural products. Among them, the content of Pb and Cr in individual samples exceeded the limit
values specified in GB 2762—2022 National food safety standard-Limits of contaminants in foods (Pb<<0.2 mg/kg,
Cr=0.5 mg/kg). The overall content levels of the 7 kinds of elements were relatively low, and their order in the
agricultural products was Ni (0.192 mg/kg)>Cr (0.040 mg/kg)>Pb (0.017 mg/kg)>Sn (0.011 mg/kg)>As
(0.009 mg/kg)>Cd (0.005 mg/kg), the heavy metal content of agricultural products in different types and
regions was quite different, and the THQ/TTHQ of all agricultural products was less than 1, and the P;and Py
were less than 1. Conclusion The quality and safety of agricultural products in the study area are in good condition,

and the level of heavy metal pollution is relatively low. However, there may be potential heavy metal exposure risks

in some individual villages and towns in the southeastern part, and the dietary exposure risks for children are greater

than those for adults.

KEY WORDS: agricultural products; heavy metal; pollution assessment; ingestion risk assessment
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Wit AT A= 356 KT B 4 8 R R A B A R FE AL,
T T A T Gl [l RO A7 B BRI 00, AR TR
MUs 3, BELBISRIA G ER, SO ERRTEE.
A7 i AER A AR 5 32 g IERL ., WERE KR A S
HEEREEY, N EhESENEE. ARk
B, W FYHER, BRZERNRT S EARRETES
B EEER, FIMESE FEARAPD) . M(Cd). K
(Hg). 5 (Cr)5, K& /@iliAs) R, B— B2 300
21 Hrif As, Pb., Cd. Hg %3 [E P55 {54 % (Environmental
Protection Agency, EPA)SIA T Rij 20 Flifiz i 4 isit ), =
A AR 2 ZURN 1 7L 10 4= 240 44 (World Health Organization,
WHO)E SR FENESE, X AEAHENEEEH. ik
HAALF Po 2R, RIFSASM, a0 MR, S22 FE
JLEEHRS, K Cd BF, Wi A KBNS, 50
S BB REAN . BESAE, G100 H AR R Cr A As
WHA SR, SEOZREE, BB el Cr,
Ni e B8 s o B UG A — 2 1 2 VR

GB 2762—2022( & it & E FhrfE &b i5 4y
HHbRUEY ME T Pb, Cd. Hg. As. Sn. Ni, Cr & 70
RV IY), B TEMREE R, XS RIOTR Y
FYERON B, Wy RS R, Horh xR b i B R
HHEMA Pb, Cd, Hg. As, Cr5 Foc®R. i@l 347 Pb.

Cd. Hg. As. Sn, Ni. Cr 5554 & 1754« FHiE, X Pb,
Cd. Hg. As. Cr5 FUnZE TR N LT, MOREAR ™
il R 28 A KT AT BB O R g i AL S
DX ¥ 2 A DX Sl A e i 2 4 R Vs e B4 ), Hwi il
F I & B - MR S T Y s, i X AT 26 2 R
Tk e, A LUK EW R R =, (HE AR B £ X%
XA i AR XU BIE ST, O T RS i X R A
LAEY) IR A E & BT JAE L, A D EX ARk
A7 U PFEA

H i 3 A B R K £ Rk F R F 98 6 0% 3% 7% (atomic
fluorescence spectroscopy, AFS). f1 84 5+ W IROLIE
(graphite furnace atomic absorption spectrometry, GFAAS).
B JEH & 45 1 I T % ¥k (inductively coupled plasma mass
spectrometry, ICP-MS)%4; AR Jy il & RAEY H I E 28,
4y« IO A AFS I ICP-MS J7 il 7 I J& 30 F A
KRR As. Cd, Cr FEEE, AfmE"H
GFAAS Fl AFS JlI%E T &AW F2H Cd. Pb, Hg % E 4
J&. HIT AFS. GF-AAS 5E MITRED, Il EL;
ICP-MS HA L Mg . REBE S . HERREELFIiA, 7T
S Z IR FEIE . Bk, AWFSER R T #-ICP-MS
HERLEY W Pb, Cd. Hg. As. Sn., Ni, Cr JLEF
B, S5A E XS TR B, a2 2 4 KU PEA X A
o EH A B R ST, NSRRI TS JTF
Mrigfts%
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L1 #8555
L1l AR

WRFE IR AL TFALES 39°, K% 116°, J@AR KX, Hikbfe
FIFALE, 8Tl XA, ERKEE 600~700 mm
ZIA], SRR 25~26 °C. BFFE XML FiRR, fudh TZ X,
PG X, SY X, SY Xl PG XA T A dLEB, TZ KA T
AR, 3 AN X AR i X XA R = s AR B,
BEAELE Y M JE R, AR A A R 2SI Y e, X
3 4 0 S K Z B, 7 L 2 & S5
M, A DA EEXT AT/ HTIEE o FE S SRAE S 53 A1 DL 1.

N
A

0 15 304

Fig.1 Sampling point distribution map

.12 #amkfE

20222024 4EHE], PFEH T TZ KAECRET 302
ByAe = i, PG KA HRAE T 160 3477 hh, SY X MR 4E
T 149470, et o 11 AN FZE R A 7= 0, AL IR
F MR B KR RS R4 Hikh
HE BOT BT WIS, 2 AT RN B O e
RIRAT o
1.1.3 B LA

7700x T HL AR A 55 B TR BT A (38 [ Agilent
23 Fl); Milli-Q Integral #8 24 7K 24k & 4t (3¢ & Millipore 2
Fl); AL204DU-IC L FRTF-(EHE 0.001 g, Hit Mettler
Toledo A F]); TOPEXHUITH AR . 2R VU IR £ st i T A
FE( LG SRR KR A DD

ZIRIRA MG RERTREEE 1000 mg/L, EE
Agilent Al FAESEEERT 99.995%, bR KM TALA
BRAFD); AHIR(E AL, EE Merck A #).
12 75 &
1.2.1 %¥F*%

WETN AR BURY B3 21 RO FE S 0.5~2.0 g A4 CR i &
0.001 o) T e+, A 6 mL HNO; J&, # Bk

TP AR P RO . TR Y JeTHIEE 120 °CIR R IR
5 min, FFEZE 160 °CHEZL 10 min, FHFARZE 200 °C,
TFF 25 min, FHME AR I AR B 2 45 % 25 mL, [R]
s IR, 206 GB 5009.268—2016 (£ i 2c 4> [ 5 bx
e T ZITRMIE ) P ICP-MS 3T Pb. Cd.,
Hg. As. Sn. Ni, Cr &&MME,
122 BBELEH

ICP-MS TAESH: HHAASHIIZR: 1550 W; BAGH
LGS 0.65 L/min; AMESFLEE: 0.45 L/min; 45
JE: 1.80 V; RAEEIRE: 8.0 mm; FiE: 0.1 1/s,
123 E4EBFTEFNF %

() BRI Y5 e F5 5L

83 B 5 YeFR Bk (single factor index, P)XFA¢ ;™
A5 YRR I, P=Ci/Sio C M 4R 5 e A,
S 4 GB 2762—2022 R EAE . 15 Y38 BRI SN :
Pi<1.0 NEIGY; 1.0<P<2.0 NEREIGY; 2.0<P<3.0
HRETE YL P>3.0 S E g Yl

Q)N L5415 Yt Bk

K FH A2 25 475 Y438 B0 (Nemero  comprehensive
pollutant index, Pyn)IFA 4™ dl il AR B it , 31524
TL(1):

Pn=+/(P

lavg
A Piave HAEFICR IR P Pimax HEFIITR A
K Pl Phh: TI5Y(Py<0.7); 154552k (0.7<Py
<1.0); fIRT5 4K P (1.0<Py<2.0); HEET5 44K (2.0<Py
<3.0) IR V5 YLK - (Py>3.0).

P A S M 4R R R T ECR I, PN SIA T &
iR S R A R R AN AR, AR AR A Y 4y
B X B 858 ot 1 25 B 52 1 A
1.2.4  ARAE BR324

S RN %37 J7l (Environmental Protection
Agency, EPA) 7 i i) B tr & F &R ¥ (target hazard
quotient/total target hazard quotient, THQ/TTHQ)PF-M H 4>
R TN NOR 3 - A e il e = W
THQ=(EFXEDXFIRXC)/(RFDxWABXTA)x10, TTHQ .
—H4:J® THQ ZAl, TTHQ=YTHQ.#; THQ (TTHQ)<I, %
BB W A (RS, 47 THQ (TTHQ)=1, Fn 255 A
TEAAEAE XS . THQ (TTHQYBUA, 15 WHHC X (el R Fr) 173 T
R THESHOLE 1,

13 REEH

FE 5 OR A B 84 25 SRR S I AR, AR I B R
FHABAU FEAA B UEAR 1E 225 W) 00 R0 T A T RE R AT T R 45
X T R S FR AR ME AL A F A TS, fRIE T RG2S SR
TR AT &8

2+ R )/ 2 (1)
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Table 1 Calculation parameters of the target hazard quotient

sH s it z5
= 7 ﬂé/ﬁ
EF/(d/a) TN 365 [16]
300N 17
ED/a R ) 7]
70LEE) [14]
244.95( )
R/(g/d PR AR R 18
FIR/(g/d) f e AT 186.8()Li) [18]
HrEs
Cmgkey R e e
A 1095008 A\
TA/d - R[] — [14]
2555(JL#)
634508 N)
WAB/kg FH R — [20]
25.6(JLEE)

RFD(Pb)=0.0035

RFD(Cd)=0.001

RFD/mg/(kg + d)]  ZF it RFD(Cr)=0.001 [21]

RFD(As)=0.0003

RFD(Hg)=0.0003

14 BUELIE

K Excel 2013 1 SPSS 29.0 Sz E i AT 2 A FI
SR, RS RRE IR E . W ig. P bR
WE2e | AEFRE, Gl WA B IE 2 PR I8 A 25 57 M A
5, XEERIEATIE S HOG  (Kruskal-Wallis), H b2 48
T2 RN P<0.05,

2 HERE5HH

21 REBDPEELBRSEFBR

Giit 611 yAer=dhep 7 RO IS5 e BRI 2% 5
W 20 MELREY, NI FHEERE, 0192 mg/kg,
HK R Cr (0.040 mg/kg), As. Pb, Cd. Sn & EANHAK, F

PIE AL T 0.005~0.017 mg/kg Z 18], Hg FEFTEFEM PR
Kk, HAES R YA AR MRS, kR
B Ni, Cd. Pb, #ik%F] 90%LL |, HATH &AL A
Cr (84.0%)>As (79.0%)>Sn (73.0%). 4 fa#Efh Cr & &R
(BBFRZEH 0.6%) .2 (3 FE i Pb S AR GEBAR RN 0.3%), A
Freshd As. Hg. Cd SRFEER,
22 FARIKRFGEINTHNEEESE

PG T AR 7 i R [RI 2R 0y 25500 . 43 BTG A b
A7 i AN P E A B, 73R 3 Al As fETA
FHAerm S rh B R, LA R B m ol 88.2%,
HRE IR ZE(82.8%)>7K 2(75.5%), As TEMR RIS H) & &
%, M 0.23 mg/kg, HUCREM2£(0.012 mg/kg), Cr 7k
AP BITRH, S . BYZAE) 80%L) I, H
UORIRNERZE | KRS, M ME et Cr & &40 02
0.075. 0.050 mg/kg, KA ZREA. Cd AR A
b YA R, 325 (95.6%) AR 2K (93.0%) H R
HUCEAYRMBERA, REHKd cd W ERERN, N
0.025 mg/kg. Pb KM, M3EA e, HKERARE
(91.2%) . S ZE IR S (82.4%); W25 Pb Y& i
15 0.044 mg/kg, HIRAZEM3E25(0.028 mg/kg); Ni 7EIRIESE
WIARH, P2 R KRS BRI KT 90%,
FoAr IR AR P2 rh Ni 1 F 80 CRT 1.0 mg/kg), Sn
TEASAR ™ S 2 T G R 7 oA IR IS 2>k OR
F>n 2> IR, IRIEISFA Y2 Sn Y& RE .

W5 31X 7] — 76 2 15 Y I AEAS ) A 7= il v AR 4
TEZESBER, S T AN R A ™ ot - 48 v 5 4 i ) ks Rk
WA SRBP He 76 BT 8B4 dl b S A G i, AR
1 As. Cd. Ni FmESRE R, P2 F Pb. SnELE
TEEE, TREAUKRENE SRS BAMRG, 132k
Wi AR E SR SRS, RS A SFEY
Xif - 4 JE WNRE A 25 5, AT RB TSR R
MR AR, =3P SR BRI Y 8 5 T U A
MR, GBS YRR, BT mA R

KPR,

®2 RERPESRAEEN

Table 2 Heavy metal content in crops

LR FERBUR FHE(mgkg)  FHEA(mgke)  MMEUH AR EEEUG O ERRE%  REME/(ng/ke)
As ND~0.23 0.009 485 79.0 0 0 0.5

Cr ND~0.97 0.040 516 84.0 4 0.6 0.5

Cd ND~0.14 0.005 570 92.8 0 0 0.2

Pb 611 ND~0.74 0.017 567 92.3 2 0.3 0.2

Hg ND ND 0 0 0 0 0.01

Ni ND~4.47 0.192 572 93.2 — — —

Sn ND~0.43 0.011 448 73.0 — — —

TE: ND Fn AR B GB 2762—2022 KX i Sn. Ni il @ BREARUE, SO T4, —FmR.
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Table 3 Detection rates of heavy metals in different types of agricultural products (%)

K I As Cr Cd Pb Hg Ni Sn
M 228 712 869 4(1.8) 95.6 95.6 0 76.4 65.1
JRIRZE 284 828 77.5 93 91.2 / 0 95.8 64.6
KIRFE 49 75.5 / 71.4 71.4 / 81.6 0 / 93.9 / 67.3 /
“wE 33 61.8 82.4 ! 88.2 824  2(6.0) 0 97.1 79.4
R 17 88.2 100 88.2 82.4 / 0 100 88.2

TE: IR NE

&l 2 SRARRIFR A ™ b 4w & i A AR A,
M 2 A1, T GB 2762—2022 1R H FREHUE A 5 Fhoc
RRI5GY), A A S S BT RR AR, e T
WA = i 2B, Ni & e dem, HoH IR
Ni &8 2 mg/kg, Cr. As, Cd, Pb &8, Hg & &
TR LR, AR B PhEESE S ERRKRES

2.0
[JAsECrCd[JPbHg NI dSn
1.8 |
~ 1.6 |
g
on
E it
Eﬂ 04T
02 +
o Lo m | L moll m
e RIS KR Ak RE%E
S

P2 IR ™ i 2 B 4 % T A A AR T
Fig.2 Histogram of heavy metal content distribution in different
types of agricultural products

23 TRBXKR“REEEIESN

A TZ X, PG X, SY X 3 MR b ES R
S, ATESBE SRS AFTELESMI, EHES
BT 1 2G0T, TZ X 3 2847 M As ., Cr. Cd.
Pb. Ni. Sn W& EEFIAGIIFE L (P<0.05). SY X 3
A PBR Ni 2N E SR S BEEFIAGIT¥E
X (P<0.05), PG X 3 JA)™ i 6 Flion 205 el & 22
SR G E L (P<0.05).

2% GB 2762—2022 (W R EFRAERLE, 3 XA i
I EE 4 R o B AT A IR B AR, (B TZ K P AN ke S
Cr. Pb M (EMER, O3 4 3K Cr SR8
(>0.5 mg/kg), 2 A YIZERY Pb & B BAR(>0.2 mg/kg), PG
X, SY XFE BT RERME . 3 4, TZ KA HH

As. Cr. Pb. Sn W& &t m s, 40502 0.011, 0.058,

0.026 F1 0.017 mg/kg, PG X4 7= fh ¥ Cd  Ni 95 f e,

S JE 0.008, 0.591 mg/kg, Yl TZ XAy 5 HAFTE As.

Cr. Pb. Sn 54, PG XAWZAT™ il p FZAFAE N5 L.
4 TEBRR*~RELESEmgke)

Table 4 Results of heavy metals in agricultural products in
different regions (mg/kg)

)E i 5 TZ X PG X SY X
A 0.011 0.007 0.008
IS PNEN 0.234 0.172 0.059
As Pys 0.002 / /
Prs 0.015 0.013 0.011
A 0.058 0.029 0.017
IS PNEN 0.969 0.476 0.157
cr Pas 0.001 0.002 /
Py 0.061 0.025 0.022
A 0.004 0.008 0.005
od RAA 0.026 0.14 0.033
Pas 0.001 / /
Py 0.005 0.008 0.006
FME
He S ON] )
PZS
P75
EHME 0.026 0.011 0.006
o RAA 0.736 0.284 0.06
Pas 0.002 / /
Py 0.03 0.01 0.009
FHLE 0.06 0.591 0.033
Ni IENIE 0.516 4.47 0.239
Pas 0.019 0.008 0.01
Pss 0.07 0.171 0.04
P E{E 0.017 0.008 0.002
S P NEN 0.428 0.079 0.046
Pas / 0.001 /
Prs 0.015 0.009 0.001

TE:/RR/DTE, Tl
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JH As. Pb, Cr, Cd 9 P ERIFEHA R X A it i
YABDL, 5 5. FraRRM I POSRT 1, ULBTIZHIX
A7 R BV AEATS YK B L 3 257 SR PO )
P32 MR BIATTS, TZ KRR IS
e, Horpm 22 i 5 Y8 BT Cr>Pb>As>Cd, JRAR
FRNB YA T i BT5 JAR BT R Pb>Cr>Cd>As, 1t
AR B 5 R Cr, X SR IR 4 R 20—

PG, SY IX 3 8477 hil PR T 1, FWIR ™4k

As. Pb, Cr. Cd b FL4/KY-. Hh PG KAKRAEM Py
w, 4 0.019, BN Pysir, i 0.139; JIURZEHM
KEBMTFAEWE ., LD P EMHT N
Cr>Cd>Pb>As, A2 P EHERF A Cd>Cr>Pb>As.
SY XK P ERIHETF J: Cd>Cr>As>Pb, M3 P,
{HHEF N Cd>Cr>Pb>As, TEARFPZEMAL ™M, 13
FhE RN P EER, AKRISTLITCRMN PEEAL, 5
LA DX R 7= b T e AR BCHE I AR ), AT AR S /K R 2ok
IR A K

x5 TRMER=REEREN PFPyE

Table 5 P; and Py of heavy metals in agricultural products in different regions

Pi

HIX izl Py %5
As Cr Cd Pb
3 0.038 0.248 0.036 0.154 0.275 Tei5 Y
TZ X JIARZE 0.016 0.049 0.023 0.066 0.076 pREEA
FALES 0.009 0.044 0.018 0.369 0.385 Jei5 g
3% 0.011 0.093 0.091 0.082 0.082 Jois gk
JICRZE 0.009 0.029 0.134 0.012 0.100 pREEA
PG X KR / / 0.007 0.024 0.019 pREEA
FALES 0.010 0.117 0.179 0.021 0.139 Jei5 g
IR / / / 0.040 0.040 Joi5 gk
JICRZE 0.012 0.015 0.049 0.008 0.038 pREE A
SY X eSS 0.021 0.066 0.162 0.041 0.125 pREEA
KA / / 0.024 0.003 0.019 Jei5 g
. 100
2.5 FREIEYAFXE B TTEK
THEE L EYBA AR ES BN S RA R, L& 80
6 o 15 AN [ 285 1) £ 49y v 18 6 g 3k 5 e LA AT SRR I B )
FEAHESENA HRESEA R X X 0 = 60
ROk, AU H RN 366 d, BRK N 252 gid, &
KRKY 60 gd™, Ik 6 iR, W EEAE LRy
fhiit4 HEARBHETE . Cr>Pb>As>Cd, Cr (iR A R & 20
42.00 pg/d, Pb B AR 25.9 pg/d, As BEARZ 6.76 pg/d,
Cd AR 5.63 pg/d, o : o o
N — e m N S r
WA, R T SRR S B AS R 20 B 4 Y Sk IR R ATAIE

25t T T BRI AR R T i 3, A

*6 ZERBREBANNEELRESEQgd)
Table 6 Content of heavy metals ingested through the diet (ng/d)

JLE MR R gPX ORE MEAR
As 3.08  1.68 1.68 0.32 6.76
Cr 18.90 435 18.40 0.29 42.00
cd 161 082 3.15 0.06 5.63
Pb 718 197 16.20 0.56 25.90

Pl 3 O[] EE 4 2 BT R AR B I SRR T 20 L
Fig.3 Percentage contribution analysis of different heavy
metals ingested through the diet

EEIEX AN TR K, HAJR M BT
RS, Hh As M EETTEREY 0K (45.6%),
HR R TR BB W2 (24.8%), Cr I TR 2S84
P2 (45%), HRERHEZ(10.4%), Cd HITTHREYZ8Y
25(56%), FHRIEM3524(28.5%) Fl R 25(14.5%), Pb HY T



72 B i A TR A I 2 %16 %

=

TR R B (62.5%) PN 3825(27.7%) . DL EZEREH, 2.6 ZREARREBANERELITMG

MSERXT As. Cr IUREATTRRECR, AW)2RXT Cd. Pb ik TR E bR E RBOER R S As. Cr. Cd. Pb i
ATURER . APFTEA S RO 5 SR g s A0 g, 50 UL A A T 4
AN W2 AT A2 L R A A o T ORI, ) THQ 1 TTHQ R, 7 [ X 4 7 it Hh B T 4 J fe IR
s BRI BRI 7. A AR TR LI 4.

®7 ZERBEZEEANTHQ X TTHQ &
Table 7 THQ and TTHQ values ingested through the dietary route

. THQUH ) THQ(JL)
i1 [X ke R JLE — - — -
X £S wRAE N (THQ>1) X £S e RAE N (THQ>1)
As 0.138+0.220 3.01 3(1.0) 0.260+0.416 5.69 6 (2.0)
Cr 0.079+0.173 1.25 3(1.0) 0.150+0.327 2.36 5(1.7)
TZ X n=302
cd 0.015+0.017 0.10 0 0.028+0.032 0.19 0
Pb 0.031+0.073 0.81 0 0.059+0.139 1.53 1(0.3)
As 0.052+0.088 0.52 0 0.099+0.167 1.83 3(1.9)
Cr 0.037+0.079 0.61 0 0.071£0.149 1.16 1(0.6)
PG X n=160
cd 0.031+0.071 0.54 0 0.059+0.134 0.69 0
Pb 0.013+0.030 0.31 0 0.024+0.057 0.59 0
As 0.102+0.120 0.76 0 0.193+0.227 1.44 2(1.3)
Cr 0.022+0.031 0.20 0 0.041£0.058 0.38 0
SY X n=149
cd 0.022+0.057 0.66 0 0.041£0.109 0.24 0
Pb 0.007+0.010 0.07 0 0.013+0.019 0.13 0

T X +SFRIMHEbRMER 2, N FRFE B8

=Pb
= Cd
= Cr
= As

100
TR/ % TR/ %

TR

ek

NG SR

SR

0 20 40 60 80 100
IR/ %
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