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Analysis of air quality characteristics and sources of
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Abstract; Based on the analysis of aerosol samples collected during heating period in Lanzhou City
in 2016, the charaeteristics of atmospheric pollution and its main controlling factors and sources were
discusseds. Thewresults show that the main ionic components in the winter were NO;, SO , Ca® and
NH;, accounting for 88. 12% of the total ion concentration. The secondary transformation of
pollutants from anthropogenic sources was the main factor. NO; and Ca’* have been increasing in
recent years. Based on three-phase clustering and the analysis of potential sources of pollutants, it

was found that the secondary pollution was serious in the winter in Lanzhou, and the proportion of
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pollutants emitted by motor vehicles increased. The air mass arriving in Lanzhou was led by Wuwei-
Lanzhou. Tenggri desert and southwestern of Loess Plateau were the main sources of PM, pollution
in winter. Lanzhou City and Baiyin City were the main sources of NO, pollution. Overall, the air
quality of Lanzhou has greatly improved.

Keywords : Lanzhou City, air pollution, water-soluble ion, source.
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1 #BS 1 ( Materials and methods)

L1 REGRAR SRR IR

575 BN U] VR PR AR R SR R R e b B R B v b AR AR R BT BRI Y
BERHIT 1 S RERETRAE 7R BIFFE U JEORE i A SR AR R R TOURIT A2k 1 B2 ) A RSIESRAE BRI A 32 b THT 47 22 Y
SZR TR A 7R RARE s R L 2 kem PN TG B 3 5 R A 3R IR IORE v 88 FH 95 5] New Hampshive K22HF & 2E
PR/ N R E AR R A DERRAE T Pall 23 W A2 1Y SR L HBARY Zeflour Teflon SR, JEAE B A2 47 mm,
FLAE 2 pm SRAER R TEL AR T | IR0 SRR TT IR RN 25 SR 3B AR, AT &
TR B 28 SPR AR FR (FRUEARAS STP, 1 AN KA, 0 C) SRAERT A4 R 1.58 m™h™' 2l Ry
25.3 cmes™ XA H S Teflon JEREXTRIAR KT 0.035 wm AR T A ERER KT 97% ) 78 2016 4F
12 —2017 4 2 H HREIE AR 19 D RAE—RFLR 9:00 THUG, U H FLREE I, SRAE I (8] 18] [
24 h, FE 1R A TAETEBCA oK AR S5 UG D0 T 58 AR it 20 T il T 25 8 7 /KIE e T i i A aff
4 CAELEDLIRT.

SHEAI DA 2 P T PR3 22 0I5 M) 2 41 R BOCR A S0 ) ) 2 A5 Y OB, A4 s s A 8 (AQI) il
ANFRATT R (SO, \NO, .CO [0 \PM, 5 . PM,, ) Bffi. I\ 22 JH AT ST AR 4 P BT AF SR 7247 1 R S HE K
i OMUBELL BTl A Ml 32 2 BRI R B i DL ORI B T N S8 [ B 5830 58 U Hh O ((National
Center for Environmental Prediction, NCEP) #k%5 GDAS = 4 & ( ftp ://arlft. Arlh. Noaa. gov/pub/
archieve) , 73#E% K 0.5°%0.5°.
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i o T e T R B P b A S PR BT R RAI 9 B I LU oK) UL 12X 0 3 S 40 25 1 100 28 1Y) i i P 458
RS R A IR S B ST 200 WL a3k Al H s SE eV, 205 25 mL A K ERE, FH R R
30 min 7 R 4 T 50 B K B 1 25 43 17 BT AL 28 58 Dionex-320 748 (4 354, €835 25 14 S BH 85
¥ : DionexlonPac CS12A (4 mmx250 mm) 73 B4, CG12A (4 mmx50 mm) {374, CAES BHE T HHl % , 70
I 65 mA, 15 mmol - L™ " MSA #PEH ; BB 7 AS11-HC (4 mmx250 mm) 73 B4, AG11-HC (4 mmX
50 mm) #4774, ASRS-4 mm fHI 2%, 15 mmol - L' NaOH ¥ ARSI J7 k2 UL SCHk[ 9],
1.3 JEAARAT IS ik

AT ) 0 A R R 52 KM KA BLR KRR IR 25 2 (NOAA Air Resources
Laboratory ) #2 {4 ) HYSPLIT ( Hybrid Single Particles Lagrangian Integrated Trajectory ) “<, A #1370 A AU 45 &
GIS HiARFF & A TrajSat FAF " SEAT , X SRAFE I P9 AP 38 18 A7 T 288 40 A LA 7 EL B i 2% SRR E. 5 1)
SR TR SIS MR A S 030 1% 2 TRl AL | Bt o 8 Ny [, Xof B A 03 4647 43 4 I B AR L AL
(9725 [ AH 5 B2 (SPVAR ) FLEVAS [ AH S BE ('TSV) L 38 TSV Fl n Z ]9 5C 2R I SRIE VAL B, X T A )
IRIZAET 52 s AR AT R 2 WA HIr 251 I B 32 i 1) 35 5 SO 1) s e W ok A o 2
p= S L

TEAE YR DR PR 732 (PSCF) ANk BEA T FL3 72 ( CWT) A 2 38 1 S BT R A0S G v e Sk U
(5355 PSCF a3l e FH ¥ Y s 55 3 20 5 A ST 0030 457 B3 I TR A 48 7% 12 R A Xof 22 A T
e TTHR A9 S AR pR A H SOt R — DX Bl ST 038 A7 T ) 5 2 o 15 R,
SR T AR Y BT A 3 2R L Y R A, R B = T B0E A, WA B 75 Qe ke , U, my, S WE5E
DI N 2ok A% (i) 95 G, n, S A (0 ) AT AL, W, S A P A R B 1 0 2%
Zeng E PURIGR AR BRI B (LA (2)).

P = ﬂ- W(n,;) (1)
1 80 < n;
_0:70 20 < ny; <80
V042 10 < ny <20 )
0.05  n, =10
{BJ2 PSCF 5.1 Jaik: X4 A ] PSCF B 1) W& X0 52 i 75 LWk B2 STk i R0, BV IA% N B3 ) 22 3%
(B HH B R A BE Y, e AT T | 2F CWT 12 LS A ] o s X mloxof 9T 5 IXC 1) 95 % BT kR . T3
AIL(3), Horh € Pk (ig) B9V YRR EE 1 8060, M S WA (i) WIS, ¢, 3k | 20
WS (i) IR A2 TR P S b e 32, 7, D e 1 A ROR (i) A R ) IS 1)
z j{:]cl-Tiﬂ

Ci=————W(n,) (3)

' 2 ;W:lTijI
2 5L 59798 (Results and discussion)

2.1 M TR IOK AL B AR L RRE
2,11 JKIEPE B AR RIE

22TV R RS B K IR B IR A 1 B BAFHES T ARIEE 12.60—97.13 pg+m™
WHENAAL P BE S 44.52 pg-m™ B 5 ¥ B2 U AR IR A NOS >S05 >Ca® >NH; >Cl” >Na* >K* >
Mg™ .NO; \SO7 . Ca™ Al NHj J2& 2% N 17 S I F2 2L 00 3 F 4%, 3% 4 Flisg 7 1 51 359 5 a2 vk 3 0 1) Ky
15.13 8.62.8.53 .6.95 wg-m™, /i F BB TU (1) 88.12% . oA 4 ol B 7724 o da vk J3F LA, AR s
THEN 11.88% .7 4 FhE BB FrPER Ca® LISMIY 3 Fles F— 8ok AN T5 G IR HER Y 15 e i — ik
LA
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NO; F1 SO J& 22 M T 4 SV A it Hh i 5 B2 A T R B 2 7 6 1 NS SReiit, 4 A X A AR i R
JE A B R B ) NO AT NOS S IRAYTE A, Bt AR TL nT fig 2 5 304 25 NO; 35 0 B I8 2 T
X, REA) F AT A AR, H A0 =50 R0 T lb HE il 4. e 3/ 22 381 G 0 1) =5 vk B Y NOS I HIL
SNAEHEOT R R A B TR K T SOT Sk UE, M OCHIFFE F B2 Bk A M HEL #Y SO, K2y
b7 B HECR A 75% 0 e TTHLIX, KA SOT i SO, B SAALTE LAY , i SO, 32 B IR T AL A Bk
AR A AE PP S AR HEC Y N AR ER NO;S FE SO ¥ B i X AR R R B b B T A L, 2=
TV Gy HE Tk B A 6 WA R 2 800 0y NO, Wk B 328 755 T SO, R B2, SRAE I [R] NO, 19 °F- 1 Jo7 1 ¥k Ji2
(86.83 wg-m™)J& S0O,(40.17 wg-m™) Y 2.16 1.

R A TR RS THIE (pgem ™)

Table 1 Concentrations of water soluble ions in aerosol samples collected in Lanzhou in Winter (pg-m™)

cl- NO; S0y Na* NH} K* Mg Ca® ARSI
SF-34{E Mean value 2.84 15.13 8.62 1.10 6.95 0.86 0.50 8.53 44.52
H 47t Percentage/% 6.39 33.98 19.35 2.46 15.61 1.93 1.13 1915 100
R AH Maximal value 6.17 38.31 18.68 2.09 13.93 1.86 0.87 15.22 97.13
/M Minimum value 0.71 2.77 4.16 0.36 0.86 0.26 0.18 3.31 12.60
PRt STD 1.37 10.21 3.58 0.40 3.00 0.43 0.17 3.31 12.60

. X*= [Na* ]+[NH} J+[K* ]+[ Mg?* ]+[Ca** ]; ¥~ = [Cl~]+[S02 ]+[NO3];
S+ X7 =[Na"J+[ NHy J+[ K" J+[ Mg® J+[ Ca* ]+[ CI" ]+[ SO ]+[ NO3 ].
B4 E R AR B T R B R Y L A3

Ca™ Hll NH;; 2 22 M 7 2 23 M ity P i B2 A PR FRBHBS . X T Ca™ SRt 3l 8 IR Ca™ R
FI S VDo R T LA T A B AR X TS MU, BRI B TR Ca® A s IR M X A R A
AIE 22 22 B 2T R B R AR R AR A B K 2 28 Tl K PRI 5 350, 28 A 4, )7 XU 0 1 VE
AR5, [7) et A 2 R/ I e RS 6 e iR e, AR S5 e b 1 AR AR 2 8, T AE 4 BT
BIYEMRESAET , Ca® EHOR A T 3RV 20 T NH SR8, BIFSY 26 W ok 22 5 A0 A0 LA KA HLA i 4
fifeAg 5 AER AT R B T IROG X SR B X, Ak A0 2 i 3RS, F A s vk B /) NHE; AR 7]
REFNIRE MR AN 56, Deng %5 FEXTAIE T & S I B T MR 9% P & BLAE & AR TR N - &
R TRYEY) T, HEANBRIR AR , A7 R T ONH, 1] NH, AO%EAk. 22 N 7 A& 22 R BRIt BAT 2 BT | ik
G ANTG YR VR HEBO A ST NH 1 R R
2.1.2 G B NI R K I B e A S

M1 AT LA B HE 19 42REE H N, B I KEUE TR TR 98 G R 3 IR B 1)
S IRATIA AT SPSS B /AL ORIGIN HR A X R 5 8 Pk BE b AT T A e Ve e T MM L . 28 S R R
0 AQI( Air qualityindex ) fEARHE PR 5T 45 5 i bn o A4S 0075 G W0t A ARMEERR AEZS RS2 K
FAG I ) JUAh 2 505 Ye ik B 1 AL R B — A AR PR A8 BI0E X, T T2/ 380 A S 300 25 <0 iR 40
ARAE R T LA AQL (B 5 B8 Sk 2 3 M USRS 05 Yok, Sk T 6 UE A 52 36 245 R 9 v B 1t 1A T
T AQI H 5513 BE B EAE A HT R 4 &

SZER R TR 0.01 BT, B FHe B SRR AQI BB  HHOE R B9k 0.81 F10.92, i —
AT AR T S IE A E (R 2) , 26 B2 06 4% 5 R LA S0 S SRR 0 SR8 i o | AT T DAIE.
)R IR B IR I TR TS IR BE A4k N 1 B I 78 12 Ay Pk S AQI ARtk #a #—
B, AL TR N B — A R, R — B2 N T a8 AU A 22, o — 2 b R T A X — B
SRR B A v, N 25 T A 11 B AU /N300 3 7™ T R R, S BOR a15 G W DR S sl AN g i AN
ST 31 B BURAE B e vk B 1 s IE, B KRR R  R W5 m & AT i 0 5 805 Y
WyHE R T B IR DG B R 2%

TERFERTI, N 1 AT AR TS 4R B F NOS .SOT Al NH; A4 55 m B BE(E, iX T RE 5 A& LU
SRFFEIEBE A O, T XA Hr BERR BRI K5 e o, VA5 7 G () ZE 0 S A o U5 BRA T, (H A 2 AR5
TR BORTS Y AR HER R B S A K, BT LA AN Tl HE SO 3 — B BEES G S R IR AR Y H R
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AT, PR T BRSOk N B 101 52, T B MR AT 00 BE AR, i LA BES 1 ) — S AR WA A, 2 1 A
31 H (I, BB TR UN 17.16 pg-m™ R RAEM IR S {E A9 T3 2 —, NO; SOy Al NH A9 i
IR0 2.77.5.04 0.86 pwg-m ™ BEMAORF NOT 19 e JEE W MR Ao, B8 SRR I 1) AR DR 1
ARAG RN U] AR UFRT 22 M T R RS A4 STk L AEAS A
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Fig.1 Time variation of ions in aerosol samples in Lanzhou City
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Fig.2 Linear fitting of total concentration of water—soluble ions with AQI and humidity

2.1.3  EMNTTATKEEEF 245 H
A X 22 M T AR T KRR B PR B AT X LA A & B, 27 DA 2010 4F i AL, 2 B4R O AFF 58
Ca® Fll SO J& Ve JE 5 B PRI S 1, Z 5 4R 43 v Ca™ R NOS i dierm (11 3) AL 3 0T LB
1, 1990 4FH1 2005 4F, Bk SOT ZAMAEF 5 LA ERS K, 2 )5 SO NH; | Cl7E U IS 85 BT (5 21 4%
B FAHY NO, AN Ca® S 1 R 3 10 35 IR 22 N 7 3R X7 30T 40 Tl RN R TR 235 440 A ek 28 A R Bl B
TR B 2R g 5

AN T AR 8 Tolk Ak REVRIH AR oK A (K 4(a) ), 7E 2013 4R 2247, DISEIR FE A R AR SRR
THIA 3 B RE T T AR i 2 D B T £ R R TR A K, 3R B 66.26% , 452 T SRR IR R AR e | I
T, 55K 44.98% 32.93% ,21.63% fHE 22 M T IRAE R VR AR A B E (B 4(b)) , Z M TR E MR
HoE— BB RRIJETE 2013 45 LU, 2013 45T, 4R KRN 50.30% , Z )5 ETE N 140.27%.
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Fig.3 Multi-year comparative analysis of aerosol water-soluble ions in Lanzhou City (data cited from (Zhang et al., 2010) )
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Fig.4 Energy consumption of industrial enterprises and car ownership of Urban residents in Lanzhou in recent years
(a) Consumption of major energy sources in industrial enterprises above scale;

(b)Average number of cars per 100 households in cities at the end of the year

2.2 N AT RS YA IR BT
2.2.1 KBEVEE T =R

WH AN ,NOS SOT HI NH; =2l R B b AR i, B HEBOH X /. o NOS 205k | L3 42
FAHERG A ) NO, RN, S0 Bk [ IRIEHERLAY SO, ALY NH] SR IEAT Rk TR
BRHERUR S R A WL A R A HERC . ZUR i A HLTUE A Ca™ Mg A1 Na® LA H SRR R 3, L
N3 AR BRI K IR, 2N TR TR, N2 5 52 SR TR (HE Y S BRI R
BT VA B, T RSB Eh I b B 38 40 Bk 2 22 M KA K BT 1 um DUF B 40K T
o HAE A AR R BE B R BT CL R VR LA A 2%, 38 AL 45 Tl 5 S 5 4 T 2B W R
KA HCL Y B AR AR AR AL ARBF5E e 0.01 BAR/KSFE T, ClI 5 K 38056, M C R 80k
0.92, FIT LLKF X PRl B8 s Bl — 21, HORVR LAAE W) Sk be hy 5. 3 T DL B AHSCAIIR 45 00 8 FlkiatE s
TR BRI RER IR K E I3 =26 . AR IREL R AL TR (NOS (SOT \NHY) L FHARE (Ca®™ Mg™ \Na*) AW
P (ClT K.

BT iR 3 =28 PRI TR PR A FE B AR A5 8] 19 AN H i =2 T A
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X LGER SR 5. AR B - e AR TR AE 0.61—0.77 Z 0], 78 =2 b s AR
P& FEAEPTE 0.17—0.32 Z Al AW BB & | £ T TE 0.05—0.10 Z[8], 4315 L A .
19 AU H o HA—ASE H (1 H 31 H) BB T ) R AR BB X AR TR R HIX 30,
TREEALES TS A ARTRES TS E BN 0.50 F10.41, 3% — W H IEEA R, AT AT R S B0 Y
WHET I D | TS B S R R R AR BT KT CLU FERE AR N o LURR L Bz, BT LA
I — 2 o R LA, AR B SR IUEIT o ELA TRk, AR, 22 M T 4 Z k5 s HL A ™ oL

0 025 050 075 1.00
NO3;+SO3+NH}
5 KIEMEET AR

Fig.5 Three-phase clustering of water—soluble ions

2.2.2  JE BT

FIHH 2 B E R ABFEH0 ) HYSPLIT #5550, 456 S8 EIPREE i .0 (NCEP ) Al NOAA BEA A& A
B AR AT GO (FNL) X 22 N 17 4 22047 T ) 20 AR B0 3330 A0 A s o573 B2 500 m, 3X
BRI 500 m 55 B i X7 B R el /b 17 FEE 48 Xo T /0 I 194 53 i), SR A o A b 2 e 3 b )22 ) < 1A
B SRR 8 90 S48, 4381 T 3 A S il S BLRRAE A SR AR (T 6) |, TR 4%
BT N LT T et (% 2).

L7050 S S O O SR S S,
H H . H . L 30
iLanzhou |
11 N S ot S S S S S SO S
0 S S SR S N S S S S

40°E  SO°E 60°E  70°E S0°E  90°E  100°E  110°E
Bl6 M) [l RE

Fig.6 Cluster analysis of air mass back trajectories on Lanzhou in Winter

R2 A FIHRIE ST %

Table 2 Cluster analysis of air mass in Winter of Lanzhou City

EES L7875 ER17] 7R3
Cluster Traj-Num Ratio/ % Trajectory Path
1 1 23 25.68 BT V- TR 220
2 2 5 5.56 VO ARF BT RLAF] - PR B - B -] - B R 0 3 - - 75 V- R =2 M
3 3 62 68.89 -

FER YT H A A R A R 5 B BR AR Y 68.89% , AR IR Bk 22 T, m] REZ8ad il A HL VDI X 2
MG BEARRT R R 2 A4 32 2B AS . O IR TR S22 1 103 A B0k 22 M ARl e 3 b
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RS TR AR S, 7 BB IR AR 1Y 25.56%. 53 AMAH 5.56% 1 Bl U5 1 vh AR VR BT i Af %
12 TR I T SR 7 16 P 48 3 S AR AR b S 38 LA VD 2 V5 e ol 32 AR AR B9AT R R P B S R T R R
TS Gy ) == M.
2.2.3  WAETS YIRS BT

R 2= M T A TR 6 R RS TS Ytk T 3 & B, NO, \PM , Fll PM,, A7 FE B AR 1R O, A% K53
7 ELERE 49% (62% F1 47% , FElJE PM, o S KBARME IR S 1344 pg-m™ J& RBRUER 9 15, A
2EMNTTAZE EGY R PM, Al NO, , BRI 3 RS e i A T i 2E DR A A7 [ 7 S 22 T 425 P,
NO, B 5 4L W PSCF Fl CWT 3154558, PSCF A& B (28R TR e /s UL 15 e Ll 282 i HE 8 K
CWT [ 1 €0 R R 3 7 IO A% DX Sl X6) 52 5075 G AR 1) BT R A K. — e 175 G B0 28 3o 23 A R Yy b X X 32
ASLTE e TRRAR A, B i (A 0 DX, PTACH 2 22 VA TS R X B B 7 (a b)) TR, 22T
PM,, 75 Yl 2 1 E R KT 70% % B == M T ACHE, X 52 45 PM K/NSTRR K T 1005 Hk 15 Je il 2485
HERA T 50%—T70% K B == N T L ERFNAR R 0 A0 gl | AR FNF-100, 652 50 PM, 1Y SRR AT - 80—100,
SEIERTZ S YA — E TR, SR 22 M T AT PM, SR T 1Y [ B 372 LA R IR A By R 8+
e B P R S R 32 3 s P TV BE R s B BT 11 (e d) AT 6T NO, K, PSCEF R CWT 4311 45
—3,NO, 5 Yl L WER KT 70% 19K B F 22 M, X 32 s 5Tk KT 90 5 LR G 22 M AL F1 4R
TG Gl 22 5 AR KT 40% , 5 37 55, BTHR A T 50—90, T LA 22 M 7 NO, 5 % A4 1 7 5Tl VA X 32 22
SN SR AR T XA T o 22 R DA AR T U SRR R B S LA Tl o 1
i, E SR T R R AR S B AR o 3 FR TR 3R R AR R R 2 A (654 R Tl
FEH AT R R s AR KR TS e O A R S S PR AR AT
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Fig.7 Distribution of potential sources of pollutants on Lanzhou in Winter

(a) PSCF analysis of PM,q; (b) CWT analysis of PM; (¢) PSCF analysis of NO, ; (d) CWT analysis of NO,

2.3 NI TAEDIRGL

A J T 2 M T A& ZR A 23 AT B 7S S e B Ao 1) A8 Ak DA B A 25 AU AR ) ( GB3095—
2012) %5 H B9 — G bR vE ) B EORE B & SO, LCO Al O, ¥R T 90k BEFRAE, 1 NO, \PM, I PM, (fF7EHE
PAE 0.3 5 i BSR4 SR — 35, VR AR ST I, 2 TT G S AP SR A U AR B 22 N T R AT
Yy S TR ORI (TSP ) A 50% L I i+ | A AR BTHR B A6 3 i k5 20 DTRR SR AR K, RRBR Y A 9K 2%
PR LN T TSP AT PM, o B AR , 435 P 2 A 00K 15 el o 77 o 5 i 3t 00 AH DG AR 9% K BT L4
22PN T 25 ST Y TS YR P, 2T AR AL B A ZR ik B R



352 B2 53 1k 2 38 &

A, SRARER ] TSP (1 BT i BE T ME A 142.48 wg-m ™, e e B R B AR AR 23 51 9 234.16 pg-m ™,
61.78 pg-m™, BIWAT Mk B FRIABE 25 S AR HE (300 g m™) T FE 1985—1986 4F:[A] 24 M 4 Z&
TSP B KT 300 pge-m ™, H PSR EE KT 1600 pg-m™" £ 1999—2001 4F%F % JH 7 TSP
5T rh & IR Ze A H o v B3 LT H ook I SR B 5 I it — b o T L R W A e R Ak
HE— BRI T 22 N T A 2 1 28 AT AR I AT S AT R B (4 1

3 %58 ( Conclusion)

(1)NO; .SO; . Ca™ Ml NHj J& 2 M i & A AR M b B Z R B 7 oy, 8BS FIkEN
88.12%.3X 4 Fh EZ BT Bk Ca™ LIGMY 3 FhES T — Mok A Ah TS G IRHERU 15 Y Wi — k% 4k, 3 Fh
TUREAR B 0 TR S ARG T G AR B v B RO OGS AT AR L AR NOS WREE & LU BR R
B 7,505 NH;  Cl7ES I B F BT o 41 43 S s i 34, NOS il Ca™ 2 M a3 R 22 I A=K R
15 YL 1E [0 Z2 T RUEAS | N E— 2 X i X AL sl A= HE A8 4 1 it 17 o

(2) ZEMTATA TR ENE R PRI N K Cl X — 4120 R VR L e e, AR A AR TR 435 b
A TARL, KI5 e LR EL R 24 BT 2 A R Bk 22 T A A LR s —— 22 R e s A BV
FIEE 4 JE VP & 2 P, TS 9L A9 35 SR IR X, B sk ol A — g B9S2 s 22 N s [ B A AR T
J& NO, 15 YLy B SR TRIX .

(3) FAEZ TR AFIS YW b NO,  PM,, Hl PM, % T 58 280 b v S A7 78 M bR 10 175 O
SO, .CO F1 O, 75 T AL P He B IR T~ 2 ik 35 FRAE. TSP WY 7E R R — Zihnfi LR i i TSP e 5
Z IS 45 RS bt — 25 R B 2 M T A ZR s AU TR .
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