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Table 1 The mole conductance of major ions in

. eq!

precipitation (unit: S« em? < eq™!)
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Na™ 50.1 NO; ~ 71.4
K 73.5 SO, 80.0
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Ca?" 59.5 NO?~ = 71.8
PO 69.0
HCOO™ *~ 54.6
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HCO; ™ " 44.5

T D00 PR DL L AN R 20 1 Y 2 2 e R DR R L R R BR DL
FROER AR TR EF L HT L OH™  NO; — 57, H Y by 5
SN IR R G A T SO 2 2 M 7 P E M2 % E T 0
B s,

o T AR AE AN 58 A L B A IR 3B T, T B 2 B T Y S R G LU
2 v B A

2 CPD i K-pH A28 5k

2.1 HEMNBREZE(CPD)FE
Hy _E 3R AR TSR RE A8 AR AT R UK OK P BT A T

)

VRS TR U B AT DUARE X CO 3R R
FER BB i S R T — R B K AL 2 2 BT O
TEAR R[] B 3R A5 Iy A7 AT 9 1 8 20 1A 7k A
7 ELARE il 23 A o A7 A — 5 0 R 22 DR UL L AR Al
A OIS 2 59 HE T R0 5 520 /Y B 5 R
WAFTE— B 28 5 . XA 28 57 19 R/ — Bk A AR XS
SRR FR
(K — K,
' K.

(2 L Ko S AR A I 2 45 21 19 85 F Bl 40 vk T 5
(1 F 536, K, O ST e S 38, G SR R R A — 3, )
CPD i (D) HHEE . — BT » i F R 77 ¥ 1
B ] B AT DB B N RE B R HE L R K AEAE
INF Ko s ARJR IR B 7 o Wk B 808 pH (H  B0H
HL R I A fE DR 22, WA T RE L Ko K F K,
(IS0 . BRI, AT DLAR 4 CPD {8 3k 6 3 L A% B 7k
BT B B A BT 15 S8 8 HE R, pH(E R L 5 R 11
IR AR AR 22, Xt CPD K 16 7 32
F 2 JE— BOHLRY HESE B G Bk Ao i CPDAEM

®2 ®mA#iFcpp@E™
Table 2 The acceptable CPD values suggested by

D. X 100% (2)

different agencies''"]

BRI/ (uS s em™ D) FR AV CPD A DL
<5 <50% (4 XD WMO
>5 H<30 <<30% (4 X {H) WMO
=30 <20 % (4 XHE)D WMO

(SR (A —40%~10% US-NADP

TE: WMO A SR8 US-NADP 356 | [ K KPR H .

WMO F5 i #1 US-NADP #5 #fi (1) 32 % 22 51 J2&
WMO % B 1] ) LS 28 30 1 R B K st 1 CPD
{E, US-NADP X o 5 3830 [ A i X 53 B VR
K CPD A i fie 22 . th F H A% R FH 2 1 6%
0 S B K R Y BB R K R A A —
F14) i 2 6 78 43 AT AL IR » 3 26 B 43 19 BH B 1 A R
B R L R S R s R CPD
O — R TR 22 2 B . AR,
US-NADP {45 #E 5 ini& F F & F 87 s ik m 4
Brés B, i WMO B F7 o 0] AT e BB T A (5] 19 43
T JRAE K 3 T AN TR HL S 2R S L R AR e A
Wk argers . REM 4 ARSI 5 1 B KL 27 R
a3 R B F 05 7 40 IR i US-NADP (1 6 56
IR GA A S RS T T RN A S 00 & N s S T
RE GRS pS/om W FE KD, B GRS
25 pS/cmiyREK M R 1/4 24, B B WMO



439 7

T < R SRR S5 B L R T LU S i A A 387

19 75 2 LA H, 5 58 DX B HE 1Y S B o SO R
2.2 K-pHARZ%ER

MFBET H M7 OH 2 h K4 T 1 i
L= 2 4y 25 5 BT AR 43 =X (1, v] DLtk — 25
535,
K=Ky +Kouw + 2 Aic; =Kyt + Ko (3)

KWKy fl Kow 20518 H &+ OH &+
AR 2 A e, g HA B 7 Ry B L R Z AL
U SRIKIE W 56 A A & A HA B 7 . U 2 A e,
i %, R =" /5 55 SRT, X Rl
15 D0 R T 5 5 2 v ) g B Sk ST . AR SR
[/ NS LR Y 7/ 1 SN (L N W
AWK A2 R (3) g =745 5 Ak
NI SR SR K, BRAGHRR
FIE LT AR K BRI A5 31 56 T B K i S0, 5 A
pH HA AN
K. > Kyt + Kow

= Ayt X [H" ]+ Aoy X [OH ]

= Ay X 10" + Ay X 107 €Y
KO F Ay Bl Aoy 209018 H B+ f1 OH &+
Y RE R 56 LH JRILOH T T P B 7 i vk i .
A B e 0 S S 00 e S R A 000 U AR AR S B pH
EIHE . DB E SO FEK 5200 5 R g B
KT H EFMOH BT iiFRZM Ky +
Kouw Do ARSI A9 pH (AL R B ACA A
FAWD JE HAZEA R AL %R E pH H

400
A
<
350F
<><> ¢
o
300F
= o o
o o
Eas0p ° ° 6 °
i/j_l 0? OOQ °
J b o o
P 2001 o o oo
i ®o 3%, °
o
%ﬁ 1507 005380 @o %0900 o : N
x ® o & o OOO 2 :
100 “ogee0® 00 o o
o
% % 8
50 ol
&%O@&&Q %
L e @ o
0 R

0 50 100 150 200 250 300 350 400
S SR /(uS - em )

MR — s WHE MM EAAEREFRE.
()R AL TG 36 AT A R T UL ot 19 pHL (R HL 5
AR 0 — A HOR T B KD AR K-

pH %K,
2.3 K-pH Rt 76 8 7 W U 5 (0 91 47 iz P
B 1 43 900 o522 H TR A TR R R a2 f S el & 3R

AR PERE K pH EITTE P Ko + Ko BUEH. W LA
WA W BRAS 0B A Ak - B OO 35 i) S ) H, 2 %8
B KT Ky +Kon » PIE I EREAF AT & A
(4 5 1M HL S 308K, PR Y 28 B A B, 150 1)
H" B 7H OH 251 DL A HoAth 25 5 1 0 % B K 1
LSRG B AT oTmk. A WL ok A A0 24 %50 1 32
HSRREEE /N T Ko +Kon s ARFAEAERXM) X
TR 43 O AT REAETE FH I 1) D £ 5% 22, 3 i 22 BE AT g
VR T pH A I R Bk IR T S 3 A
£ 34 T pH EN Kyt s Kow » Kyt +
Kon BYPRICEME,. T LLE B . 24 pH {H/NF 6. 00
i Kow AR/, T 208, pH A BN, Ky 80K, T HL
B ENS . pH E KT 8. 00 i, Kyt 1R
ANCET L Z2 g B pH (B, Kon 22 80 90k
. Ky +Kou B pH EHBX RSO R U], 76
pH EH/NTF 5.00 55K F 9. 00 B, i A= (4) (91 36
BORZHME . TSR R R AR pH A D
9. 00, P K-pH A4 0 Al Rk — 25 46 o
K, > Ky = Ay X[H ] = A X107 (5)
3 (5) T 27 1 ] B A S5 5 56 28 BAY S B o FH AN (B

400

B
350

300

[oe]

193

=3
T

553

=3

(=3
T

150F

S /(1S - em )

—_

(=3

(=]
T

W
=)
%&

o
kY
o
0%0008 6 ©
<&

0 50 100 150 200 250 300 350 400
Seill, §32/(uS - em )

O

(=

B 1 seil e SR 5 3R Kyt + Ko B

Fig. 1

The comparison of the measured conductivity with calculated Kyt + Ko~
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Table 3 The calculated Kyt ,Koy— and Ky+ + Koy~

in solutions with different pH (unit: pS -+ em™!)

pH fH Kn+ Kou~ Knt +Kon~
3.00 349.7 0.000002 349.7

4. 00 35.0 0. 00002 35.0
5.00 3.5 0.0002 3.5

6. 00 0.3 0.002 0.3
7.00 0.03 0.02 0.05

8. 00 0.003 0.2 0.2
9.00 0.0003 2.0 2.0

10. 00 0. 00003 19.9 19.9
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Table 4 The error of calculated Ky+ + Koy~ (unit; puS + em™!)
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Fig. 2 The distribution of CPD values in different pH ranges
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Table 5 The statistics of the CPD values for

4 stations (unit: %)
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S R oy S
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Fig. 3 The differences of measured conductivities
with Kyt + Ko~ in different pH values
(vertical lines denote the ranges of central 90% data, the squares

denote the ranges of central 50% data, the bars denote medians)
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The Conductivity Additivity of Ionic Components in Precipitation and Its
Application to the Data Evaluation of Acid Rain Monitoring
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Abstract

Conductivity of precipitation (K) is a primary parameter in acid rain/precipitation chemistry monito-
ring. As the conductivity of ions in precipitation is an addible quantity, the conductivity data is commonly
used in the quality check/assessment on the analysis data of ionic components in precipitation, by compa-
ring the measured K with the calculated K from the ionic concentration data obtained from the chemical a-
nalysis. This method is referred normally as conductance percent difference (CPD) method and widely
used. A national monitoring network has been run by China Meteorological Administration for more than
15 years for the acid rain monitoring, which is called Acid Rain Monitoring Network (ARMN/CMA), as
an important supplement to its Global Atmosphere Watch (GAW) program with 4 Global/regional sta-
tions. Only pH and conductivity of precipitation are measured by those ARMN/CMA stations, with a total
number nearly 300 by the end of 2006. To meet the need for quality check/assessment on the basis of pH
and K data obtained from ARMN/CMA, the K-pH inequality method is proposed based on the same prin-
ciple of conductivity additivity with CPD method, viz. : the K calculated from H" concentration reduced
from pH must be smaller than the measured K. The usage of K-pH inequality method in different pH val-
ue range is discussed and it shows that this method is an effective and easy-to-use tool for the on field check
and afterward data evaluation, especially for the data with pH values below 5. 0. With K-pH inequality
method, the historical pH and K data of ARMN/CMA from 1992 to 2005 are checked. The results show
that part of the calculated K is larger than the measured K, which means errors either in pH measurement
or in K measurement, or both. The distributions of the differences between the measured and the calculat-
ed K in different pH bins show that the differences with pH<(4. 0 tend to be more and more negative as pH
getting lower. It suggests that the errors be mainly associated with pH measurements. With this assump-
tion, the errors in pH measurements for those data are estimated to be from —0. 1 to —0. 3. This estimate
is in consistence with results of the annual blind sample inter-comparison within ARMN/CMA.

The CPD values of all precipitation samples from 4 GAW stations are also calculated and the frequency
distributions of CPD values in different pH bins are studied to check/evaluate the data quality of the ionic
component data. The results show that CPD values for samples with pH<C4. 0 tend to be positive and
those for samples with pH>4. 0 tend to be negative. This tendency also suggests errors in pH measurements for

4 GAW stations, but the magnitude is smaller than data of ARMN/CMA, with an estimate of —0. 05.
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