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Abstract: along with the theory of maintaining the healthy life of the Yellow River
brought up and the rising of construction of wetland, the water quality status in
Yellow River estuary and its trend of development in the future should be paid highly
attention to, because in a sense the water quality status in the estuary is directly
related to the continuation of the Yellow River's healthy life in the future, as well as
the ups and downs of the wetland construction in the estuary. Combining the results
of analysis and assessment of the water quality at LiJin Station in the Yellow River's
estuary in “Yellow River basin water resources bulletin”, this paper has generalized
the water quality status in the Yellow River estuary at present. Further more
combining the field data of mainly water quality parameters at LiJin Station from
1996 to 2005, the trend of the fluctuation of water quality at the estuary has been
carried out on both qualitative and quantitative analysis by using the Seasonal

Kendall trend test, which will be useful for the reference to management.
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Introduction

In recent years along with the theory of maintaining the Yellow River healthy life brought out and
the rising of construction of wetland at Yellow River estuary, the water quality status becomes
more and more important for in a sense it is direct relation to the maintenance of the Yellow River
healthy life and its ups and downs of the wetland constructions at estuary. Therefore it is

imperative to research the water quality status and its fluctuating trend at the Yellow River estuary.

1 Water quality statusat Yellow River estuary in recent years

Presently there is only one water quality station, LiJin station, at the estuary of the Yellow River,
therefore the water quality of LiJin station basically reflects the water quality of the Yellow River
estuary. According to the analytic and overall assessment results of the water quality at LiJin

station on 'Yellow River basin water resources bulletin' from 2003 to 2005 (see table 1), it can be



seen that on some extent the water quality has become better than before. The water quality of the
estuary in 2005 belongs to class three, which has reached to the drinking water quality
requirement of surface water and was better than class four of 2003 and 2004's. At the same time
the organic contamination in low water period also weaken, the concentrations of the primary
pollution parameters , such as chemical oxygen demand (CODCr),have cut down to the drinking

water quality requirement.

From the status of every month in a year, the water quality status is different in some extent
between each month. According to the assessment results of every month on 'the Yellow River
basin water resources quality bulletin' in 2005,the water quality is poor at the beginning of flood
season and some month of low water period (see table 2),the over limit rate reaches 33.3 percent.

The primary pollution items are ammonia nitrogen, CODcr and petroleum.

Table 1 the water quality status of the Yellow River estuary in recent three years

Water quality
Year Water period Primary overproof items
class
Low water period \Y COD
2003 Flood period III
Whole year 1Y COD
Low water period III
2004 Flood period 1Y petroleum
Whole year 1Y Petroleum
Low water period III
2005 Flood period III
Whole year III

Table 2 Every month water quality status at Yellow River estuary in 2005

Water Water
Primary over- proof Primary over proof
month quality month quality
items items
class class
Jan I Jul Y COD. Petroleum
Feb I Aug 1Y COD
Mar v ammonia nitrogen Sept III
Apr IV Petroleum Oct [T
May I Nov III




Jun i Dec I

2. Analysis of water quality fluctuation trend at Yellow River estuary
2.1 Determination of the analytic method and selection of water quality parameters

There are two kinds of water quality fluctuation trend analysis in stream, one is to model the water
quality according to the field data in the past, which is used to deduce the water quality trend of
development in the future, and it is also called water quality prediction. The other is to analyses
the water quality change during the past to now according to the water quality series. The second
case was considered in this paper. The water quality series of 1998 to 2005 at LiJin station was
used, and eight water quality parameters were chosen, which include total hardness, chloride,

sulfate, ammonia nitrogen, permanganate index, CODcr, BODS5,petroleum.

Because the natural water quality data are random, seasonal, and relative, the routine parametric
test methods, such as linear regression test, T test, analysis of variance and multivariable normal
method, cannot completely meet the feature of the water quality series. So the water quality trend
analysis is drawback when these methods are used. Combining the characters of water quality data,
statistician named G. Kendall has brought up a more suitable and rational nonparametric

test--Seasonal Kendall test.

2.2 Theory of seasonal Kendall test
2.2.1 TheKendall t test

The theory of the seasonal Kendall test is that let the water quality data in the same month or
season of every year to compare with each other, and that if the later value (increasing values in

time) is bigger than the former, we will record it as "+",else as "-".If the number of the "+"is
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bigger than the "-",it is likely upward trend, similarly if the number of the is smaller than the

"+" the likely trend is downward and if the two are equal, the trend is null.

According to the seasonal Kendal test, the null hypothesis HO is that the random variables is
independent of the time, presume that there are the same probability distribution in the water

quality data of the whole twelve months.

Suppose the series x of the observed water quality data in the n years and p months as follow,
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In the formulae the data (X11,...,Xnp) are the observed value of the water quality concentrations in
every month.
(1) To the case of the ith among the p months (i <=p)

Let the sum of the signs of the "+" and "-" which is from the compared water quality series in the
ith month of every year equal to the Si, and the number of data group which can be compared
D-value in the ith month equal to mi. Under the null hypothesis the random series, Si,
approximately submits to the normal distribution, then the expectation and variance of Si are as
follows,

Expectation: E(Si)=0

ol =Var(s)=n(n —1)(2n +5)/18

Variance:
When there are t same numbers in the ni no-missing-value, the formulae c2i is as follow,

-D2n +5) D Ht=1)(2t+5)
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(2) The total case of the p months

s=Ys  M=Xm

P
Let i=1 i=1

Under the null hypotheses the mean and variance of S in the P months are as follow,

p
E(S)=ZE($)=0

Mean:

o Var(y -3 NOCN

Variance:

When there are t same numbers in the water quality series of the n years, namely

Var(s) = Zp: n(n - 11)é2”i +5) D —1;)(2t +5)

Kendall found that when n >= 10, S also takes on the normal distribution, and the standard

variance, z, is as follow,



S_l 2,
W, és>0
7= 0’ %SZO
Ss+1 W
(3) The trend test

The Kendall test's tau be defined as T=s/m, therefore in the two-side trend test ,if |z|< & /2,we
accept the null hypothesis. Where FN (Zo/2)= & /2, FN being the standard normal cumulative

distribution function, namely:
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& being the size of the significance level for the trend test, it's value is as follow
2 0
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We take the significance level & as 0.1 and 0.01,that is, when & <0.01,the test has the
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highly significant level, and when 0.01 << & < 0.1, the test is significant, when the results of &
meet the upper two conditions, t value is  positive, it indicates that there is a prominent or highly
significant upward trend ,when the t value is negative, it indicates that there is a prominent or
highly significant downward trend, and when the t value is null ,it indicates no trend.
2.2.2 Seasonal Kendall slope estimate

The Seasonal Kendall slope is expressed with the slope of the linear regression, which
reflects the size of trend. It is defined as the median of the whole quotients between the D-value of
compared two numbers and the discrepant year number of them in the test. The estimated value of
the slope only illustrates the mean annual situation of concentration change of water quality in the
test year.

The estimated value of the trend slope was defined as follow:

To all Xij, Xik(i=1,2,...p, j=1,2,...n), the slope of two random numbers in the water quality
series in month ith is defined as dijk . Because dijk=(Xij— Xik)/(j —k) (1<k<j<ni), the estimated
value of trend slope, B, is equal to the median of all the dijk. when S>0,B>0; when S<0, B<0. So
B is not affected by the extreme value or singularity in the water quality series. Also it is not

affected by season.



2.2.3 Flow adjustment concentration test
The flow adjustment concentration test is to judge whether the pollutant concentration
change in the stream is caused by discharge variation or not by using the residual analysis.
(1) In order to seek the best relation with the linear regression analysis, the formula of flow

adjustment is as follow:
c=a+b-c(Q)

A

Where is C the estimated concentration, Q the flow in step with concentration,

c(Q) the function based on flow variation, and a, b the coefficient.

When the pollutants in the stream come from the point source load, it is diluting effect, and

described as the following equations:

1
=4 +1 =
@c(Q) + 2Q+g

Q) =4 +4 — g

T+
® 1+4,Q
Where is ¢ the error taken on zero mean, A1, A2, A3—coefficient (A1, A2>0, A3>0) .
When the pollutants in the stream come from non-point pollution, the relation between

concentration and flow can be expressed as follow:

@ C(Q)=A1+A2Q+A3Q2+¢
@ C(Q)=A1+A21nQ+e
In the formula the meaning of the signs is same as the above.

According to the series of concentration and flow, the a, b in the equation of linear

c=a+b-c(Q)

regression, , are estimated respectively, and R 2 is calculated, which reflects the

parameter of correlativity.
Among the four calculated regression equation, the one which has the maximal R 2 was
chosen. At the same time the regression test was carried out to the chosen curve.

(2) The residual series of Wij of the flow adjustment concentration, which is the difference of
measured value and the expected value of the estimated value, Wij was calculated by using the
accepted equation.

(3) The confidence of & and slope of B of the series of Wij were got by using the seasonal

Kendall test, which can be used to judge the trend of flow adjustment concentration.

2.3 Interpretation of results



The mainly eight water quality parameters of actual water quality monitoring data from 1996
to 2005 at LiJin station have been calculated by the professional water quality trend (PWQTrend)
software which is based on the method of the flow adjustment Seasonal Kendall test. The results
are shown in table 3.

As shown in table 3, the water quality parameters of sulfate, ammonia nitrogen, permanganate
index, chemical oxygen demand(CODCr),five day biologic oxygen demand ( BODS5 )show highly
significant downtrend or prominent downtrend; Petroleum shows prominent uptrend; Total
hardness and chloride show no any distinct trend, Which illustrate that except petroleum, the water
quality pollution in the Yellow River estuary has lessened in recent decade, and the controlling of

pollution has got some good results.

Table 3  the outcome of water quality trend analysis of the LiJin station at the Yellow River

estuary.
Trend of Trend Flow adjustment
Analytic items ) of
concentration flux Type of formula B (mg/L/a) | Trend

Total hardness — 1 In(C)=a+b* (In(Q)+B*In(Q)*In(Q)) 3.56 1
Chloride — ™" C=at+b*(1/(1+B*Q)) 1.23 -
Sulfate 1 ™ C=at+b*(1/(1+B*Q)) -3.72 !
Ammonia nitrogen 1 1 C=at+b*(1/(1+B*Q)) -0.0143 -
CODyy l ™" No Suitable Formula for Adjustment -0.067 !
COD¢; 1 1 C=at+b*(1/(1+B*Q)) -1.91 N
BODs l ™ No Suitable Formula for Adjustment 0 !
Petroleum 1 ™ No Suitable Formula for Adjustment 0 1

Note: (DThe sign of "1" stands for prominent uptrend, "11" highly significant uptrend, "|" prominent
downtrend, "] |" highly significant downtrend, and "—" no trend;
(2)CODy, stands for permanganate index.

It can be seen from the flux trend that eight water quality parameters indicate uptrend or
highly significant uptrend. =~ Combining the outcome of the water quality concentration trend
analysis, it is illustrated that the total quantity of all pollutants in the estuary has been increased
because of the increase of discharge.

From the trend analysis of flow adjustment, it has shown uptrend for total hardness and
petroleum, while downtrend or highly significant downtrend for sulfate, permanganate index,
chemical oxygen demand, Five day BOD, and no trend for chloride and ammonia nitrogen.

Combining the different formula style of every water quality parameter, it is indicated that total




hardness give priority to non-point pollution, while others give priority to point source pollution.
Based on the feature of downstream channel, which is belong to over ground river, it is shown that
the water quality pollution in the estuary mainly come from the drain in the upper or middle
course. So the harness of point source is still an emphasis. In addition, it is need to explain that
there are no flow adjustment formula styles for minor water quality parameter because the
negative correlation between concentration and flow is intricate, and it is difficult to find the

well-formed formula style, it should be thought as point source pollution.
3. Conclusion

(1) In recent years the water quality in the Yellow River estuary has become better than
before, and the average water quality in 2005 has reached the requirement of drinking water of
surface water, although there are still some months whose water quality is overproof.

(2) The water quality concentration trend analysis in recent decade has shown that except the
petroleum which has still showed uptrend, the others have shown prominent downtrend or highly
significant downtrend.

(3) The flux trend analysis shows that because the water inflow has increased in recent years,
the overall pollutants which mainly come from the upper and middle river have increased.

(4)The trend analysis of flow adjustment shows the pollution in the estuary give priority to
point source pollution, whose pollutant source mainly come from the drain in the upper and

middle course, therefore the strengthen harness in the drain is still an emphases in the future.
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