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Environrnéntal Protectilon Key Laboratory of the Formation and Prevention of Urban Air Pollution Complex, Shanghai Academy of
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Abstract: Diagnostic indicators for the validation of PM, 5 compositional data were calculated, based on the monitoring results of
approximately 2100 ambient samples collected in the Yangzi River Delta from 2014 to 2017. According to the results of a correlation

analysis, we propose that the audit indexes of the monitoring data of PM, 5 components in ambient air should include: equivalent ratios
of anion-cation charge balance(A/C) , the consistency between sum of all measured components ( Z species) and weighed PM, , the
consistency between mass reconstructed PM, s (PM, 5 . ued) @nd weighed PM, 5, the chemical consistency between elemental S and
water-soluble SOi’ , elemental K and water-soluble K* | and the chemical consistency of theoretical and tested NH,". The double-sided
2.5, reconamered?’ PMy 5 5 978057, and K/K*
ratios were determined in terms of P, 5 and Py, 5 as follows: (0.82, 1.35), (0.63, 0.94), (0.62, 1.00), (0.28, 0.50), and

(0.66, 2.31). These diagnostic indicators were helpful for judging the errors of chemical component analysis and retain seasonal

95% reference ranges of anion-cation equivalent balance (A/C), Z species/PM, ;, PM

variation stability. In most cases, NH, existed in the form of NH,NO, and (NH, ),SO, in spring and summer. With the approach of
autumn and winter, it transformed to NH,NO,, (NH,),S0,, and NH,Cl. The results of literature verification showed the pass rate of
A/C was 87. 1% and the rate of other indexes was 100%, indicating that the above audit indexes we propose could be applied to not
only the Yangzi River Delta but the entire country. Furthermore, there were certain conditions in applying the diagnostic indicators.
The S/SO; " ratio worked well with PM, ; =40 pg+m ™ in summer and with 60 pgem > <PM, , <140 pug-m > in spring, autumn, and
winter. Other audit indexes were available universally in all weathers under the condition of PM, ; =60 pg-m ™.

Key words :fine particles; chemical components; audit indicators; reference ranges; Yangtze River Delta
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Table 1  Detailed and information of sampling sites and samples

AEANEVACE AT i =Y VA A AN/ (°) ZEE/(°) SKAREWBE (4E-H) R 5

1 ILIX WX 31.1717 121.4253 2014-11 ~2015-07 104

2 [FIRIRY:) ZBIX. 31.050 6 121.796 2 2014-11 ~2015-07 106

3 PIATIVLAE RBIX 31.0742 121.499 7 2016-05 ~2016-08 83

4 BIATEN: IR IX 31.1156 121.365 8 2016-05 ~2016-08 86

5 ERGEZP X 31.2130 121.499 1 2015-08 ~2016-08 72

6 igH RiETW SRR WX 31.2425 121.4719 2015-08 ~2016-08 65

7 BT O I i X 31.2093 121.476 5 2015-08 ~2016-08 63

8 R % WX 31.2285 121.405 8 2015-08 ~2016-08 73

9 FETE L BN X 31.2342 121.468 8 2015-08 ~2016-08 72

10 w AL L IR IX 31.2129 121.496 7 2015-08 ~2016-08 47

11 B S R B WRIX 31.2188 121.4616 2015-08 ~2016-08 75

12 R Rk X 32.057 8 118.7750 2014-11 ~2015-07 97

13 HMTT & RBIX 31. 6417 120. 061 4 2014-11 ~2015-07 49

14 TEIET WL ekt 33.2347 118.326 5 2014-11 ~2015-07 100

15 LI R ORE=HEM fekt 33.504 4 120. 559 1 2014-11 ~2015-07 108

16 W IR IX 32.4638 119.9172 2016-09 ~2017-04 97

17 M WX 32.3216 119.8823 2016-09 ~2017-04~ w198
18 W L 32.6137 120.079 1 2016-09 ~2017-04 - ‘ 99

19 L} WX 4 30,2733 120. 1382 2014-11 ~2015-07 108

20 % A Ji Ak 30.3025 119,754 8 2014-11 ~2015-07 /47108

21 PO 2R . X 29. 609 0 119.0723 | 2016-08 ~2017-05| & 54 &
22 WA LTI WK T 29.5996 119. 04871, 2016-08 ~2017-05 s, 108"
23 sy || A a) 997260 12050500 - % 2616-08 ~2017-05 54
Y S i 30,8356 1209238 2014-12 ~2015-07 08"~
25 LT KRN | 5&*{ < 73003125 1201642 | 2014-11 ~2015-07 / “=7107 =

[ 1‘ . ol = ¥ f: ﬂl
-

524 b 5, 96 76 R 1 555 o SR i 44

0.001 i 118 R Pt 7 i, I — MR R i/

JE I AR AL R I 2 25 PbITE £0. 0404mg.

PV, K B T 4L 4 S R T
Ty U RE 25 8 Al K G R R K 2 40 min
Je, AT RIR B O B g, Z R R HE 6
% ( Metrohm 940 , Fii+ J7 3@ 2> ®]) #4707, 904
B, PH B+ 419 2 FE. Cl7 . NO, . NO, .,
SO; . Na"  NH, ., K", Ca’" fl Mg*". % J& 3
NO, Fl NO; 7l i of #% v n] 58 2 A0 B 5% 1k, A<
WF5E b I 315 80 NO, 48— B 8 NO; 1
W

PM, s P IEHLIC 2 90 5 R FH 8 2 (- X T2
PENCCIE L, JEBEAE S C T AL B, A AR R @
BI-X 5 2k 9896 06 1% AL (Epsilon 5 ED-XRF, fif 2%
PANalytical A 8)) #475087 , EFE T TTHLUTE M
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F1 Pb 4.

PM, R BT2H 53 (JCE Bk EC FIA HLEK OC) 1Y
W 2R #0635 B HL kI & Bk 4 A 42 ( DRI
2001A) 4T 4387, 8 BT SR I35 E IMPROVE_A
P, 24 IE R OB R (TOR)

=

1.3 s i RAIE :

AT YEYE A R FERT TR 48 550°C B BE 5 h, LU
FBRUEIE I T BB B A AILAR B A G SRR Y
VIR A B A TIE 0 U A A I i Ao £
UCRAE B 2R 25 FURE . RE SRR SE U | 5T
R — 18°C F kA ¥ R AR A7, 1 i AR 3% 3] 512
96 % A Al AR IR . KM T 443 o M At
KHEREL O 2 AR ES A1 A2 B7 s
H S0 % s F AR T 25 A R I e 25 R AR T
Jr D E B AR Sl AR T 10% 14T
WU SEATRURE €1, NO; , SO;™ . NH, I K* 484
G35 45 R A iR 25 R = T 10%, NO, | Na™ |
Ca’ "l Mg® " 25 20 43 I 52 45 R 1 HE 5 D 22 17 A% T
20% 5 BESAI M RE B 10 ~ 20 R SRS TR S A
e VR B R BR VA TR, 00 25 R S v T O
Z TR AR XS 1 2288 1 109 s o3 22 il A v il 2%
HHLBR(OC) FICER (EC) B RFE 5 2= i — 4
SRS A S, HAE 25 NI T O A R R
HEUCRE S E AR T 10% 1947 BURE, 17 WURE
0C ., EC FLEEKR (TC) I %2 235 F A X e 22 0 A v T
10% . TTHLIC R S A AL i 2008 2 2 H
UEIE 25 (B H AR ot R A9 I (B /N T O 2
TRR ; AEALUAE S E AR T 10% BFAT WU, P
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FTXEE AL, Si. S, K, Ca, Ti, Cr, Mn, Fe, Ni, Cu
H1 Zn 254 5300 5 4 %B’meﬂiﬁ%ﬁrrj?m% H
b e TG T IR A 2E 0 0 23 SR P A T i 22 I AN
T 20% ; BEAEIRFE S E D AR 1 S NIST
SRM2783 A fE g R 1430 12, I {1 -5 A o (B A9 AR
XPRZEN/NT 10% .
1.4 Bt

DA Excel #7804 2 30475040 S A, SR A SPSS
13. 0 FHATFERHE BRS04, (i SE BR 2E et Ik
A3 308 FHIE 2540 A5 3 (= 1.96s ) FE 4 B s
(P, Py s) BRI 95% B2 0.

2 H#REITiE

2.1 HRASHRITE

RIS PM, 4 B 5 B 20 43 ) 3 6 251 4 4 22
A7 A P ZEIE 2R ) | S e B A H A A 10
FHE. SOOI 06 R B RS 3 fEat, — R
PP SR 19 B 5 T 22 I A e A R
YRR RN B T B AR T4 43V 22 A

55 Ay PM“}EEJM“ZE ﬁ?%lﬁiﬂﬁﬁ’]-d

PM“EE/M“ Sy PMHEEMEZ@J“ *‘?
=AY \E’Jﬂcﬂ:ﬁﬁﬁ“ﬂ FEAFAE ?Klﬁl’uﬂliﬁ %
ﬁﬁ%ﬂﬁ?ﬁlﬁ]%%ﬁ} L7 )i 1 ﬂnm?ﬁ‘ﬁ'ﬁﬁ

ﬁ%?ﬁ%ﬁﬁ@%%%@ﬂU&%%%%ﬁfﬁ

LA 5 K a1 P Sl i, |~

2. /1% BB ESFHfr T e

FRAE i P M R TR PML, TP BT Y S T Ak
RS 1 R, A0S 99 B 25 - %) g 3 B2 1% [l 51 O A 1Y
RN AET 1. KA TCHLE & KA PM, I E 2L
HIER ST, 2014 ~2017 4F K = MUK PM, HK %
PETCHL S 7 14 1R B DA =5 2R AR ¥ NO, | SO;
NH, . C1” . K* . Na® . Ca®* I Mg®" 535 5T#k PM, .
TR 17.9% ., 17.9%., 11.9%. 2.7%. 1.3%.
0.6%, 0.6% F 0. 1% . % J&Z 53 #1540 AL & 1 g
FRER, vTk e B4 o 20 2 5 B B RS - H A R
PITHEE B 1% R o 52k, B B8 1) FLfar X e vk B 1
LA (L), BHE TR LA i 2 LA (2) Al
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_ ¢ NO; SO
4 =3535%6 " (1)
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(2)

“a T8 T3 Y39 "0 T 12
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K, A, FEBIES 0 d A7 2 R BE (ool - L71) e,

F5 BH B 7 A BT VR (ol - L71) MRS B3R

A HHE FYEWEAMWRM A S ik, BiE A
(HEAXQ)HGER, A1) 5AXG)HE
YERS. B 1 (a) FI3E 2 RT%0, PRl 2H A 26 35 19 B BH
BN EWELE R > 0. 964, HANRI 2T
HA A I (Pearson FHE R % r >0.976) , Ui
B 2H 5 2 RE Sz B 15— €00 3 A N 235 S 1) . g~ Al
T, 275 A8 A B BH 25 -~ i A B A 52w X1
K= MR R G AR LA I REHR 551N
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Scatter plots of audit indicators for ambient PM, 5 samples collected in the Yangtze River Delta
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Table 2 Statistical information of the audit indicators for ambient PM, 5 samples collected in the Yangtze River Delta
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Fig. 2 Scatter plots and linear fitting of ammonium concentration in ambient PM, 5 samples collected in the Yangtze River Delta
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®3 HERERLDEMEENSELE (P, s, Py.s)
Table 3 Parameter ranges of audit indicators in four seasons and all weather(P, 5, Py; 5)

HAZTE bR B HE h ESE= E=as
S/S03 - (0.30, 050) (0.29, 0.58) (0.27,0.53) (0.23,0.49) (0.28,0.50)
K/K* (0.55,2.87) (0.61, 3.17) (0.80, 2.62) (0.69, 2.08) (0.66, 2.31)

AR SAKX ) HE (0.83,1.29) (0.77, 1.48) (0.88, 1.26) (0.78, 1. 14) (0.82, 1.20)
AR ESAXGB)YHE (0.91, 1.40) (0.83,1.62) (0.89, 1.36) (0.90, 1.20) (0.90, 1.35)
Zéﬂﬁ}’/PMz_s (0.61,0.92) (0.66, 0.90) (0.56, 0.95) (0.64,0.91) (0.63,0.94)
PM, s primy/PMy. 5 (0.62,0.96) (0.67,0.96) (0.60, 0.98) (0.64,0.95) (0.62,0.95)
PM, 5 werovemhy”/ PMy. 5 (0.69, 1.13) (0.73, 1.11) (0.69, 1.11) (0.69, 1.07) (0.67, 1.00)

4 HiZIERE AN THE GERENSZEE"

Table 4  Average value, standard deviation, and reference ranges of monthly audit indexes

i S/S02" K/K* AR HARQ) AL AR HARG) AE
YA tedEmzs SEEE BWE RERZE SR HE w2z SEUE BE PR S AU
3 0.39  0.06 (0.32,0.50) 1.22 0.21  (0.78,1.61) 0.95 0.06 (0.86,1.05) 1.02  0.07 (0.93,1.16)
4 0.37  0.04 (0.30,0.46) 1.42  0.46  (0.87,2.87) 0.95  0.08 (0.85,1.09) 1.06 0.1 (0.92,1.33)
5 0.4  0.05 (0.32,0.50) 1.22  0.41  (0.55,2.17) 1.0l  0.12  (0.83,1.29) 1.09  0.14 (0.9151740)
6 0.41  0.06 (0.29,0.53) 1.28  0.46  (0.61,2.58) 1.04  0.15  (0.82,1.48) 1.13  0.24 /< (0.8741.62)
7 0.42  0.05 (0.32,0.53) 1.32  0.48  (0.62,2.61) 0.99  0.13 {0.77,1.29) .1.08  0.17 (0.88,1.47)
8 045 0.06 (0.37,0.58) 1.57  0.6] (0.99.3.17) 0.96  0.09 (0s78,1.09) 1.02 0.11  (0:83,1.21)
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Fig. 5 Distributions of samples that exceed the suggested ranges for audit indicators in terms of PM, 5 mass concentration
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