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An evaluation of quality assurance to monitor acid
precipitation by using ion balance
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Abstract— Based on methods of quality assurance to monitor acid precipitation by using ion balance proposed
by US National Atmoespheric Deposition Program (NADP) and Nationel Trends Network (NTN), an ion
balance caleulation to acid rain data in Guizhou Province, China, and concluded that ion percentage difference
is an important method in evaluating of quality assurance to monitor acid precipitation.
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1. Introduction

The imbalance between the sums of cations and anions calculated on routine acid rain mea-
surement was investigated and was considered as the result from analytical errors. However, up-
on the studies of Ted et al. (Ted, 1985) by using ion balance calculation, it was found that there
are some important cations and anions were excluded in the routine measurement. The Central
Analytical Laboratory (CAL) of the American National Atmospheric Deposition Program
(NADP) required each znalyst qualified through testing to internal guality assurance samples,
and has a strict requirement on sample filtering, storing and data recording, selecting and so on.
In crder to achieve this object, the evaluation methed of ion balance is available. All data in this
paper were so chosen through internal and external quality assurance samples that to verify the
feasibility of the method. throught ion balance calculation to acid data of the years 1986 — 1988 in
Guizhou with IBM - computer, the authors concluded that evaluation methods was a reliable

means for the quality assurance to monitor acid precipitation,

2 Evaluation methods

There are three methods on ion balance:
2.1 lon percentage difference of cations and anions in samples

(A—0C)
A+0O)

where, J% D is the ion percentage difference of cations and anions; A is the sum of anions; C is

1%D — X 100% , (1
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the sum of cations.
For NADP, A=[S0? | +[NO: ] +[Cl"] +[PO;~ ] +[OH" ] +[HCO; J;
C=[Ca*"] +[Mg*" ] +[Na®"] +[K*] +[NH!] +[H" .
When there is no net plus or minus charge in solution, the value of 1% D for & liquid precipi-
tation sample is zero percent, and the ratio of A/C and C/A must be 1, we give some measured
data in Tahle 1.

Table | Value of 1% D of some precipitation samples in Guizhou Province of China

Sample Sampling pH A C K (A/CY—1 1—(C/4A) AVE
No. motith
1 Feb. 3. 97 522,14 633.9 0.09 0.1753 0.2118 0. 1940
2 Feb. 3.75 380.1  526.3 (.24 0, 2778 0. 3845 0. 3312
3 May 4. 65 134.9 105.3 .12 Q. 2809 0.2193 0. 2501
4 May 4,70 101. 4 78..3 0.13 0. 2948 0.2277 0. 2613
5 May 514 84. 6 78.4 0. 04 0, 0793 0.0733 0. 0753
6 July 6. 27 80.2 §8.1 0. 08 0.1771 0. 1504 0. 1638

Note; k=1I1%D/100; it is the average valve of the data in two pre - columns

For individual precipitation sample, the I% D, calculated by using measured concentration in
Equation (1), may deviate from zero percent because of the following three reasons: (1) The de-
viation of measured concentration of cations and anions is not zero; (2) not all significant ions are
measured; (3) The calculated concentration of [HCOj ] is different from the value actually pre-
sent in the sample.

2.2 The difference of measured déta and calculated data of pH

For each precipitation, we can obtain the pH values by adjusting the non - conservative ions
to reach the I%D near to zero, which can be done through setting the net non - conservative ion
concentration ([H*]—[OH ]—[HCO; 1> equal to the net conservative ion concentration only
when the difference of the whole ion concentration of cations and anions is very small. Since the
[OH™ ] and [HCO; ] are the functions of [H* ], pH can be calculated by the next equation.

(pHYe=6-logl/2{[D] +[D] +4(Ki XKy X P.,+K.)} . (2)
Among the equation;
D=1{[S0z ] +[NO7] +[CI"] +[PO;{" ] +[OH 1+[HCO; ]}

—{[Ca* > +[Mg”* ] +[Na*] +[K* ] +[NH*" ]} (req/L).

where, K, is the first - class ionization constant of H;CO;; K. is the Herry coefficient of CO»; K.,
is the product of cations and anions in water; Peo, is the normal breach barometric pressure.
Bizsed pH measurement have been a rather common problem in the field of precipitation
chemistry (Ted, 1985) because pH electrode can calibrate properly with commercial buffer solu-
tion and still give biases of a few tenths of a pH unit or more for rain samples, which has no evi-
dent reason according to CAL. When the calculated value of pH is near the measured value, the

value of 1% D is near to zero, it can be shown from Table 2. The difference of measured pH and
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calculated pH is more than 0. 5, which can engender the imbalance of cations and actions.
2.3 Difference of calculated conductance(Re) and measured conductance(Rm)

The purpose of contrasting the calculated conductancé and measured conductance is to test if
there are some significant ions in the sample were nct measured, the equation of CAL was as fol-
lows:

Re = {[H*"]1x 350 +[HCO; 1% 43.6 +1/2[Ca>*]x52.0 +[Cl"]x75.9
+1/2[Mg*"Jx 46. 6 +[K*]1x72.0 + [Na*t]x48.9 +[NO;]X71.0 +
1/2{80§~ 1% 73. 9 +[NH{ 1% 74.5}/1000(us/cm). 3

In Egquation (3), [H*Z}, [THCO; ] is to use the measured value.

Table 2 The relationship of the difference of (pH)w and (OH), with 17D

(pH) (OHD, I1%D (pH)m {pH). I1%D
NADP ’ Guizhou Province

4.09 4.07 1.6 5.14 5. 16 3.8

4.18 4.07 9.0 3.97 4, 67 9.6

3.93 4.08 -13.1 4. 65 5. 24 12. 33

4. 87 7.68 -38. 9 4. 7% 4. 63 12,89

4. 00 7.83 -45. 2 3.75 4. 55 -23.9

It is important to notice that the calculated conductance is especially sensitive to [H* ], and
the coefficient is 350. This sensitivity makes the comparison of calculated and measured conduc-
tance values particularly useful to ferret out bad pH measurement, when the pH is low. For in-
stance, the conductance measured less than 350 ([H*J) may portend that & pH measurement is
erroneously low, i. e. the [H™] is biased high. The conductance percent difference (C% D) is
calculated with Equation(4).

(R, — R

C%hD = A

X 100%. (4)

Table 3 The relationship of the difference of Ry and R, with %D

Rn R C%D I%D R. R C%D I%D
NADP Guizhou Province
39.1 38.9 0.5 1.6 14 13.29 -5. 71 3.7
39.1 33,7 -13.9 9.0 91 109. 79 20. 64 9.6
6. 03 5.5 8.4 -9.2 25 16. 79 -33.2 12.89
60.0 51.5 -14. 4 -12.1 38 22. 43 -40. 57 12.33
15,1 10. 8 -28.4 -26.9 84 111. 89 33,20 -23.9

From Table 3, it is obviously that the smaller of the percentage difference between the cal
culated conductance and the measured conductance, the more the 7% D is near zero, that indicat-

ed the cations and anions are in balance.

3 Results and discussion

Upon above equations, the calculation was given to the acid rain data in recent several years
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of different months in Guizhou Province of China. Only some results are selected and presented
in Table 4.

To these six sets data No. 1 to No. 6 in Table 4, the I%D less than 203 , the percentage
difference (C% D) of R, and R, equal or less than 20% portend a good balance. The two sets da-
ta No. 7 and No. 8, that 7% D more than 38% , the percentage difference (C%D) of No. 8 is
62% . the origin of such high errors may be complicate. The main reasons are:

{1) Aflect of analytical precision and measurement methods

To assure the measurement method standardized and the each measurement reliable, the
sample was collected in different time and distributed in extensive range it must have a high level
quality assurance to acid precipitation. To reach the zim, it required to control the quality not on-
ly in laboratory, but also in fieldwork, i. e, the precision of the system is lower than the instru-
ment precision and laboratory precision for it includes the outside operation and some new chang-
ing factors were introduced. _

The sample No. 1 to No. 6 in Table 4 have been tested qualified through several times quality
- controlled check before measurement, however, sample No. 7 and sample No. 8 have been test-
ed. This could prove that the measuring method and analytical precision are important in mea-
surement. '

For sample handling, storing and gathering, CAL take the idea that a great difference of
I%D and C%D remained between the new samples and no - filtering samples stored in room

temperature or under 4°C, for explaininy the problems, several groups data from NADP were

compared.
) Table 4 lon balance calculation and measurement of Guizhou samples
Sample Measured concentration
No. Month (pH)y [Ht], [HCO;j 1, SO{- NOs Cl- F- K+ Nat Ca?t Mgt NH{f
"1 9 394 1148 0.00 614 476 85 1.6 1.20 6.60 145 3.7 830

2 ] 4.48 33.0 0. 156 83.13 19.52 no no 233 4.35 44.¢ 17.5 10.0
3 i) 4.17 §7.81 0.08 78.13 8.70 1225.0 0.01 66.9 1.74 33.¢ 8.3 5.0
4 5 4.08 33.18 0.08 182.9 0.¢0 101.4 0.0 125.9 5.20 174.4 18.3 5.0
5 g 5.63 2.30 2.24 40,21 3.06 27.32 0.0 10.0 14.78 48.0 28.0 0. 00
6 10 5.15 7.10 0.73 23,70 6.71 4.23 0.0 0.0 0.43  30.5 8.3 0. 00
7 8 4,88 13.20 0. 3% 53.33 6.77 7.04 0.01 0.26 1.74 145.0 216 Q.01
8 7 5.46 3. 46 1.49 21.45 2.26 0.5 0.00 T7.04 3.05 32.5 22.5 0,00

No (pHD ¢ Calculated concentration 1% D Conductance, ps/em CaD

[(H*3. [HCO7 I, A C Ru R.

1 4,08 83.2 0.10 117.6 149.1 -11.8  60.3 50.7 -16.0
2 5.28 5,25 0.98 105.3 132.1 -12.0 260 24.8 -4.5
3 4,86 13.8 0. 37 212.1 282.5 -14.0 45,0 54,14 20.3
4 4. 57 26.9 .19 284, 3 422.1 -19.4 65,0 70, 69 7.7
5 5.19  6.46 0. 80 70.59 103. 4 -18.0 11.0 11,42 3.84
§ 5.83 1.17 4.41 34. 75 48, 33 -14. 3 6.0 7. 08 17.2
7 4.67 21.4 0.24 71.04 181.8 -43.0 10,0 11.95 19.5
8 5.16 6.52 0.74 28.56 63. 55 -38.0 17.0 6. 46 -62

# It is the results calculated by NADP
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R(new samples) 5.3, 12.4, 13.0, 36.5, 35.6, 47.8, 50.0, 62.8, 64.5

R(stored samples) 5.7, 15.1, 21.1, 84.0, 60.3, 69.8, 68. 6, 98.8, 91. 2

If some ions were handled properly before measurement or much weak acid remained in sam-
ples, an error must appeared in the value of C%D and pH. So some more stipulation must be set
to the sample - transporting, storing - peﬁod » storing temperature and sample - handling.

For the ion balance, that the value of 7%, D, C%D must be near to zero through quality -
controlled test, the following factors are still considered.

(2) Some significant ions unmeasured existed in sample

Table 4 indicate that the sum of cations is more than sum of anions, I%D is minus devie-
tion, but the value of J%D will be becoming small when taking the PO}~ , oxalic acid, organic
acid and some other anions into measurernent, From this point, that the poor ion balance of cal-
culation of 1% D perhaps is not resulted from anélyt-ical errors, may be exampled by that some
ions were not measured in these samples.

(3) Affect of conductance calculation

A high sensitivity, the coefficient of [H"* ] 350 mentioned in Equation (3), will have great
affect on conductance calculation. Measured conductance is higher than calculated conductance
portend that value of pH is erroneously high, i.e. [H" ] is erronecusly low. When C%D is get-
ting higher, we must reanalyze these samples.

(4) Contribution of [HCOy ] to ion balance calculation

Because of the inverse ratio of [HCO; land [H* 7, when pH more than 5, the value of
TH" 7 is low and the relative [HCO; ] must be high, that must affect the value of C% D signifi-
cantly. _

(5) The particular of ion balance of precipitation existed in acid rain area of China.

The pH of precipitation in west - southern China is generally less than 5, and the concentra-
tion of [SO}~ ] mostly more than several or tens ppm. If the sample was measured after adding
some trace metal and organic alkalic into the solution, the difference of 1% D will be becoming
smaller. During measuring the acid precipitation of west - southern China, it is unreasonable only
to measure K*, Na™, Ca**, Mg*" and NH," excluding the other trace metal cations such as
Fe’*, Fe'*, Mn*" and so on. All these trace metal ions can only be ignored when a high preci-

sion of ion balance was unnecessary.

4 Conclusion

Some results were concluded through statistical analysis of ion balance to acid precipitation
sample in Guizhou Province of China.

The main method of ton balance evaluation was included in Equation (1). I%D is not a sim-
ple ratio of the sum of cations to anions. It must be noticed that [HCO; ] is excluded from the
anions, especially it is very important to the samples of pH 5-—7.

[t is necessary to measure the ignored significant ions for the poor ion balance, We can prop-
exly extend the range of test -criterion of 1% D of ion balance evaluation to the recent year's mon-

itoring item in west - southern China acid rain area in order to reduce the error from unmeasure-
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ment items.

The Equations(2) and (3} are tenable through comparison among the value of pH, mea-
sured conductance and calculated conductance, it also is one of the criterion to evaluated ion bal-
ance, especially the value C% D is an more important criteria. It is important to use the measured
error of pH to account for the difference between the measured pH and calculated pH for un-
known reasons. .

To assure the precision and reliability of C% D, a strict requirement must be set to the sam-
ple - transporting , storing - period , storing temperature, and also require a comprehensive test to

analytical technique and the analysts, -
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