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614 J. L. VAN DEB PABBE;N

Table 1. Oonfidence limits for the median

1-2.%
A

0·70 0·80 0·90 0·95 0·98 0-99

~ ~ ~ ~ ~ ~

11, Ie I Ie - '1 Ie 1 Ie 1 k 1· Ie J1

1
2
3 1 0·1250
4: 1 ·0625 1 0·0625
5 1 ·0313 1 ·0313 1 0·0313

6 2 ·1094 1 ·0156 1 ·0156 1 0·0156
7 '2 -0625 2 ·0625 1 ·0078 1 -0078 1 . 0·0078

8 3 -1445 2 ·0352 2 -0352 1 -0039 1 -0039 1 0-0039

9 3 -0898 3 ·0898 2 -0195 2 -0195 1 ·0020 1 -0020

10 3 -0547 3 -0547 2 -0107 2 ·0107 1 -0010 1 ·0010

11 4: ·1133 3 -0327 3 -0327 2 -0059 2 . -0059 1 ·0005

12 4: -0730 4 -0730 3 -0193 3 -0193 2 ·0032 2 ·0032

13 5 -1334 4 ·0461 4 ·0461 3 -0112 2 -0017 2 -0017

14 5 ·0898 5 -0898 4 -0287 3 ·0065 3 ·0065 2 -0009

15 5 ·0592 5 -0592 4 ·0176 4 ·0176 3 -0037 3 -0037

16 6 -1050 5 -0384 5 . ·0384 4 ·0106 3 ·0021 3 ·0021

17 6 -0717 6 -0717 5 ·0245 5 ·0245 4 ·0064 3 -0012

18 7 -1189 6 ·0481 6 -0481 5 ·0154 4: ·0038 4 -0038

19 7 -0835 7 -0835 6 ·0318 5 -0096 5 -0096 4 ·0022

20 8 -1316 7 -0576 6 ·0207 6 -0207 5 ·0059 4 ·0013

21 8 ·0946 8. ·0946 7 ·0392 6 ·0133 5 ·0036 5' -0036

22 9 ·1431 8 -0669 7 ·0262 6 -0085 6 ·0085 5 ·0022

23 9 -1050 8 ·0466 8' ·0466 7 -0173 . 6 ·0053 5 -0013

2·4 9 ·0758 9 ·0758 8 -0320 7 ·0113 6 ·0033 6 ·0033

25 10 '!1148 9 ·0539 . 8 ·0216 8 ·0216 7 -0073 6 -0020

26 10 ·0843 10 -0843 9 ·0378 8 -0145 7 ·0047 7 -0047

27 11 ·1239 10 -0610 9 -0261 8 -0096 8 ·0096 7 -0030

28 11 -0925 11 -0925 '10 -0436 9 ·0178 8 ·0063 'l -0019

29 12 -1325 11 -0680 10 -0307 9 -0121 8 -0041 8 ·0041

30 12 -1002 11 ·0494 11 ·0494 10 -0214 9 ·0081 8 -0026

31 13 -1405 12 -0748 11 ·0354 10 -0147 9 ·0053 8 -0017

32 13 ·1077 12 ·0551 11 ·0251 10 -0100 10 ·0100 9 ·0035

33 14 -148J 13 -0814 12 -0401 11 -0175 10 -0068 9 ·0023

34 14 -1147 13 ·0607 12 -0288 11 -0122 10 ·0045 10 -0045

35 14 ·0877 14 -OS77 13 -0448 12 -0205 11 -0083 10 ·0030

36 15 -1215 14 ·0662 13 -0326 12 ·0144 11 -0057 10 -0020

37 15 -0939 15 -0939 14 -0494 13. ·0235 12 '·0100 11 -0038

38 16 -1279 15 ·0716 14 -0365 13 -0168 12 ·0069 11 ·0025

39 16 -0998 16 -0998 14 ·0266 13 -0119 12 -0047 12 ·0047

40 17 -1341 16 -0769 15 ·0403 14 ·0192 13 -0083 12 ·0032

41 17 -1055 16 -0586 15 ·0298 14 ·0138 13 -0057 12 ·0022

42 '18 -1400 17 -0821 16 ·0442 15 -0218 14 -0097 . 13 ·0040

43 18 ·1110 17 ·0631 16 ·0330 15 ·0158 14 -0069 13 ·0027

44 19 -1456 18 ·0871 17 ·0481 16 ·0244 14 ·0048 14 -0048

45 19 -1163' 18 ·0676 17 -0362 16 -0178 15 -0080 14 -0033

46 19 ·0920 19 -0920 17 -0270 16 ·0129 15 -0057 14 -0023

47 20 -1214 19 ·0719 18 -0395 ·17 -0200 16 -0093 15 ·0040

48 20 -0967 20 -0967 18 -0297 17 -0147 16 -0066 15 -0028

49 21 -1264 20 ·0762 19 -0427 18 ·0222 16 -0047 16 -0047

50 21 -1013 20 -0595 19 -0325 18 -0164 17 -0077 16 -0033

Sample size n. Interval (zit :I;,.-i+l) has confidence coefficient 1-21 and is narrowest interval with
confidence coefficient at least 1-2«. An asterisk denotes that 1 very slightly exceeds (Z.
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Table 1 (cont.)

1-2a

0·70 0·80 0·90 0·95 0·98 0·99

~ ~ ~ ~ ,----A.-... ~

n k 1 Ie 1 - , k 1 k I k 1 k 1

51 22 0·1312 21 0·0804 20 0·0460 19 0·0244 17 0·0055 16 0·0023
52 22 ·1058 21 ·0632 20 ·0352 19 ·0182 18 ·0088 17 ·0039
53 23 ·1358 22 ·0845 21 ·0492 19 ·0135 18 ·0063 17 ·0027
54 23 ·1101 22 ·0668 21 ·0380 20 ·0201 19 ·0099 18 ·0045
55 24 ·1403 23 ·0885 21 ·0290 20 ·0150 19 ·0072 18 ·0032

56 24 ·1144 23 ·0704 22 ·0407 21 ·0220 19 ·0052 18 ·0023
57 25 ·1446 24 ·0924 22 . ·0314 21 ·0166 20 ·0082 19 ·0038
58 25 ·1185 24 ·0740 23 ·0435 22 ·0240 20 ·0060 19 ·0027
59 26 ·1488 25 ·0963 23 ·033'1 22 ·0182 21 ·0092 20 ·0043
60 26 ·1225 25 ·0775 24 ·0462 22 ·0137 21 ·0067 20 ·0031

61 26 ·1000 25 ·0619 24 ·0361 23 ·0198 21 -0049 21 ·0049
62 27 ·1264 26 ·0809 25 ·0490 23 ·0150 22 ·0075 21 ·0036
63 27 ·1037 26 -0649 25 ·0385 24 ·0215 22 ·0056 21 ·0026
64 28 ·1302 27 -0843 25 ·0300 24 ·0164 23 ·0084 22 -0041
65 28 ·1073 27 -0680 26 ·0408 25 ·0232 23 -0062 22 ·0030

66 29 ·1339 28 ·0876 26 ·0320 25 ·0178 24 ·0093 23 ·0046
67 29 ·1108 28 ·0710 27 ·0432 26 -0249 24 ·0070 23 ·0034
68 30 ·1375 29 ·0909 ,27 ·0341 26 ·0192 24 ·0052 23 ·0025
69 30 ·1142 29 ·0740 28 ·0456 26 ·0147 25 ·0077 24 ·0038
70 31 ·1410 30 ·0941 28 -0361 27 -0207 25 ·0058 24 ·0028

71 31 ·1175 30 ·0769 29 ·0480 27 ·0160 26 ·0085 25 ·0043
72 32 ·1444 31 ·0972 29 -0382 28 ·0222 ' 26 ·0064 25 ·0032
73 32 ·1208 31 ·0798 29 ·0302 28 ·0172 27 ·0093 26 ·0048
74 33 ·1477 31 ·0651 30 ·0403 29 ·0237 27 ·0070 26 ·0035
75 33 ·1240 32 ·0827 30 ·0320 29 ·0185 27 -0053 26 -0026

76 33 ·1034 32 ·0677 31 -0423 29 ·0143 28 ·0077 27 -0040
77 34 ·1271 33 ·0855 31 ·0338 30 ·0198 28 ·0058 27 ·0029
78 34 ·1063 33 ·0703 32 ·0444 30 ·0154 29 -0084 28 ·0044
79 35 -1302 34 ·0883 32 -0356 31 ·0211 29 ·0064 28 ·0033
80 35 -1092 34 ·0728 33 ·0465 31 ·0165 30 -0091 29 -0048

81 36 -1332 35 ·0910 33 ·0374 32 ·0224 30 ·0070 29 -0036
82 36 ·1121 35 -0753 34 ·0485 32 -0176 31 ·0099 29 -0027

83 37 -1361 36 ·0937 34 ·0392 33 ·0238 31 ·0076 30 ·0040
84 37 ·1149 36 ·0778 34 ·0315 33 -0188 31 ·0088 30 ·0030
85 38 ·1390 37 ·0964 35 -0410 33 ·0147 32 ·0082 31 -0044

86 38 ·1177 37 ·0803 35 ·0331 34 ·0199 32 ·0063 31 -0033

87 39 ·1418 38 -0990 36 ·0428 34 ·0157 33 ·0089 32 ·0048
88 39 ·1204 38 ·0827 36 ·0347 35 ·0211 33 ·0068 32 ·0037

89 40 ·144:5 38 ·0687 37 ·0447 35 ·0167 34 ·0096 32 ·0028

90 40 ·1230 39 ·0851 37 -0363 36 ·0222 34 ·0074 33 ·0040

91 41 ·1472 39 ·0709 38 -0465 36 ·0177 34 ·0057 33 -0031

92 41 ·1257 40 ·0875 38 -0379 37 ·0235 35 ·0080 34 ·0044

93 42 ·1499 40 ·0731 39 ·0483 37 ·0188 35 -0062 34 ·0033

94 42 ·1282 41 ·0898 39 ·0395 38 ·0247 36 ·0086 35 ·0048

95 .42 ·1090 41 ·0752 40 ·0501· 38 ·0198 36 ·0067 35 ·0037

96 43 ·1307 42 ·0921 40 -0411 38 ·0158 37 -0092 35 ·0028

97 43 ·1114 42 ·0774 40 ·0335 39 -0209 37 ·0072 36 -0040

98 44 -1332 43 ·0944 41 ·0427 39 ·0167 38 ·0098 36 -0030

99 44· ·1138 43 ·0795 41 ·0349 40 ·0219 '38 . -0077 37 ·0043

100 45 -1356 44 -0967 42 -0443 40 ·01'16 38 ·0060 37 -0033

Sample size n. Interval (z~, Z.-~+l) has confidence coefficient 1-21 and is narrowest interval with
confidence coefficient at least 1 - 2(1. An asterisk denotes that 1 very slightly exceeds cx.
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Table 1 (cont_)

1-2a.

0·70 0-80 0·90 O~95 0·98 0-99

~ ~ ~~ ~ ~ ~

n k I k I k I k I k I k I

101 45 0·1161 44 0-0816 42 0·0364 41 0·0230 39 0-0082 38 0-0047
102 46' -1380 45 -0989 43 -0459 41 -0185 39 -0065 38 -0036
103 46 ·1184 45 -0837 43 ·0378 42 -0241 40 -0088 39 -0050·
104 47 ·1403 45 -0705 44 -0475 42 -0195 40 -0069 39 -0039
105 47 -1207 46 -0857 44 -0392 42 ·0157 41 -0094 39 -0030

106 48 -1426 46 ·0724 45 -0491 43 -0204 41 -0074 40 -0042
107 48 ·1229 47 -0878 45 -0407 43 ·0165 42 -0099 40 -0033
108 49 -1449 47 -0743 45 -0335 44 -0214 42 -0079 41 -0045
109 49 -1251 48 -0898 46 -0421 44 ·0173 42 -0062 41 -0035'
110 50 -1471 48 -0762 46 -0348 45 -0224 43 -0084 42 -0049

III 50 -1273 49 ·0918 47 -0435 45 -0182 43 -0066 42 -0038
112 51 -1493 49 -0780 47 -0361 46 -0234 44 -0089 42 -0029
113 51 -1294 50 -0938 48 -0450 46 -0190 44 -0070 43 -0041
114 51 -1116 50 -0799 48 -0373 47 -0243 45 -0094 43 -0032
115 52 ' -1315 51 -0957 49 ·0464 47 -0199 45 ·0075 44 -0044

116 52 -1136' '51 -0817 49 -0386 47 ·0161 46 ·0099 44 ·0034
117 53 -1336 52 ·0977 50 -0478 48 -0208 46 ·0079 45 ·0047
11~ 53 -1156 52 -0835 50 ·0399 48 ·0169 46 ·0063 45 ·0037
1,19 54 -1356 53 ·0996 51 -0493 49 ·0216 47 ·0084 46 -0050
120 54 -1176 53 -0853 51 -0412 49 ·0177 47 -0067 46 ·0039

121 55 -1376 53 ·0727 51 -0343 50 ·0225 48 ·0089 46 ·0031
122 55 -1195 54 ·0871 52 -0425 50 -0184 48 ·0071 47 -0042
123 56 -1396 54' -0744 52 ·0354 51 ·0234 49 ~·0093 47 -0033
124 56 ·1215 55 -0889 53 -0438 51 -0192 49 -0075 48 ·0045
125 57 ·1415 55 -0761 53 -0366 52 -0243 50 -0098 48 ·0035

1.26 57 -1233 56 ·0906 54 ·0451 52 ·0200 50 -0079 49 -0048
127 58 -1434 56 -0777 54 ·0377 52 ·0163 50 -0063 49 ·0037
128 58 ·1252 57 -0923 55 -0463 53 ·0208 51 -0083 50 ·0050·
129 59 -1453 57 -0793 55 -0389 53 ·0170 51 ·0067 50 -0040
130 59 ·1271 58 -0940 56 -0478 54 -0216 52 ·0088 50 -0032

131 60 -1472 58 ·0809 56 -0401 54 -0178 52 -0070 51 ·()043
132 60 ·1289 59 -0957 57 ·0489 55 -0224 53 ·0092 51 ·0034
133 61 -1490 59 -0825 57 -0412 55 -0185 53 ·0074 52 ~OO45

134 61 ·1307 60 -0974 57 -0346 56 ·0233 54 ·0097 52 -0036
135 61 -1140 60 ·0841 58 ·0424 56 -0192 54 -0078 53 ·004:8

136 62 ·1324 61 -0991 58 ·0357 57 ·0241 54 -0063 53 ·0038
137 62 ·1158 61 -0857 59 -0436 57 -0200 55 ·0082 53 ·0030
138 63 -1342 61 ·0738 59 -0367 58 -0249 55 -0066 54 -0040
139 63 -1175 62 -0873 60 ·0447 58 -0207 56 -0086 54 ·0032
140 64 -1359 62 -0753 60 -0378 58 ·0171 56 -0070 55 ·0043

141 64 ·1191 63 -0888 61 -0459 59 ·0214 57 ·0090 55 ·0034
142 65 -1376 63 ·0767 61 -0388 59 -0178 57, ·0073 56 ·0045
143 65 ~1208 64 -0903 62 ·0470 60 ·0222 58 -0094 56 ·0036
144 66 -1393 64 ·0782 62 -0399 60 -0184 58 ·0077 57 -004:8
145 66 ·1224 65 ·0918 63 ·0482 61 -0229 59. -0099 57 ·0038

146 67 ·1410 65 ·0796 63 -0409 61 -0191 59 ·0080 '58 -0050·
147 67 ·124:1 66 ·0934 64 ·0493 62 -0237 59 ·0065 58 ·004:0
148 68 ·1426 66 ·0810 64 ·0420 62 -0198 60 -0084 58 -0032

149 68 ·1257 67 ·0949 64 -0356 63 -0245 60 ·0069, 5'9 -0043

150 69 ·1442 67 ·0824 65 ·0430 63 ·0204 61 ·0088 59 -0034

Sample size n. Interval (Zk' %,,-k+l) has confidence coefficient 1-21 and is narrowest interval with
confidence coefficient at least 1- 2~. An asterisk denotes that I very slightly exceeds a.
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3. BASIC EQUATIONS AND PROCEDURE

Let %1' ••• , %ft, .be a random sample from a continuous population with density function
f(z) and

": ~ F(xi ) = f:Q)!(Z)dZ

be the area of f(z) which is less than the ith ordered observation Xi.

Let Gk , 8 be the distribution function of the joint distribution of Fk and F, (k < 8). The.
interval (xk' x s) covers the. p-quantile X p whenever Fk ~ P ~~. This happens with

probability 'JPIl

1- 21 = 0 11dGk.s(Fk, F's).

This can be shown (Kendall & Stuart, 1969, p. 518) to be equivalent to

1-21 = Ip(k, n-k+ 1)~Ip(8, 11,-8 + 1),

where Ip(i,j) is the incomplete beta function.
ITthe quantile considered is the median, this yields

1-21 = Io.s(k,n-k+ 1)-lo.s(s,n-'s+ 1),

when k+s = n+ 1, we obtain a similar situation for ascending and decreasing order, i.e.

1-21 = 1~2Io.5(k,n-k+l)

"= n~k (n)p"qft~ (p =q= i).
r-k r

Grubbs & Simon (1952) tabulate

i:(n)pr(l_p)ft-r.
r-c r

Therefore k can easily be obtained as the largest integer for which

~ (n)'pr(l_p)ft-r~ 1-(%..,.-k r

It is a pleasure to thank Mrs Jonckers, who helped in constructing the tables and typed
the text, and to MrsWeyers who typed the tables.
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Editorial note addeiJ, in proof. Reference should also be made to the extensive tables of
W. J. MacKinnon (J. Am. Statist . .ABB. 59, 1964, 935-56), who, however, did not give I.



K~~E PROBABILITY X 90 DIVISIONS
KEUFFEL& ESSER CO. MAllE IN USA 46 8000

99.99 99.9 99.8 99 98 95 90 80 70 60 50 40 30 20 10 5 2 0.5 0.2 0.1 0.05 0.01

0.01 0.05 0.1 0.2 0.5 1 2 5 10 20 30 40 50 . 60 70 80 90 95 98 99 99.8 99.9 99.99



1{:t::E PROBABILITY X 2 LOG CYCLES
KEUFFEL Be ESSER CO. MAOE INU S A 46 8040

. . .. .... . .. -. ··~~-~:J:~t~f~--- ....

"Wj-H
.~ : : : : ~ : : : : ~ :::: ~ :::: ~~~~~~ ~~:: , I II -, ;

I

~)

In

q

6

B

2r:J10
-:':';-~~--'iT'i'-T"~i-!-l'fTT;'20305060708090

rr
9598

•• • • • • • " 1'1 r r I r -i-rln'TT~i'I' ,
9999.9 99.8

E-"
-:=1::-: •. -

99.99

6

5

10

9

8

7

4_
-:~:-'-'.' ~. =.l~:-I-T·:·· .-

4

'3 ..
.-:L-.L...._._.__

---;=~:]=l:~~r:{-~~ ..
':'=~ J='l=.1=.r:l---:

.--+--+-+-+-1 I 1 I I 1-+4-"~++-+-~-4--+_·-+-~.H++--i

3

·:=l~~:.~.t=l=r=rJ~~-

r-1Jj'f--"~-B~[=r=r_-

~~+---

2 -. I I I I III"I I I I I I I "II I 11·11 I I I I I I I111 "111111 I I I I 111111111111111111111 I I I 1 1I1II1111 I I I I I I I I I III I I III I ! I I I I I IW~ I I I I I ~ 2
t-.+---t-+·

7

9

H

_.l __l.~_.· -

._---- - --_._._- ~~='~-:EF~-'--~l:t-

'==J---J -J:.-.:+::...J'::.
_ _ . . . _ _ . _...=3-==-t:=t=t=t::E---• • j Ll ll-iFE-~_:J==:l:---

I

1

9.

8

7
....-. ~.. -------~J:-~ t- .-. t·

5

6

I I I I I I.
• . • • ~-J++--.I---+-I.+--+-+-+--+--+--

... _>~~__~~: t.:1~:t::

'-=:-=-1-~:-::-El~'-l:-~L_.L:

"_~; : :->I~·~::t-::~-1::--~r--""t·_--__

._-~~._--

5

4

6

_==r=:.-r:.t=t~r--

3

2

, I' "1
l--'--~+-~.+4 t---t-+--t-t-I I I I I I I ! I I I- I I ~+-H- ~ IH-H I--+-+-+-+-I--~--- ..1-1-1-1

I
I I I i--r',T" 1----- ~---+----

.j..J I I I I ~

]

~~

·4---f-4-+-1 I I Il--++-+-.~-~---~---

--> -.~---... --+. +-~ ..... ~ '-4-+ .... ~ 1--4--"--I-+-1-

.--4-.~-''' _..---.---..-- _. -l-\ ~ I ---+--+--"f-- ..- ...-.-

....---....-~.- ---4--~-.--

.. - ....---l---- . ._.....-+--. -- &-.-.. -_....

n '" n 1'1: I' 1 "" nr:- " e ,,,
"" ~" It/"l /"1("'\ ('1("'\ ,...,... n "" /"I ,.." /"I"




































































































	Title Page
	Ecology 1992 Memo
	Table of Contents
	1. Introduction
	2. General Statistical Issues
	3. Sampling
	4. Determination of Cleanup Standards and Background Concentrations
	5. Assessment of Compliance Monitoring Data for Meeting Cleanup Standards
	6. Geostatistics (Reserved)
	Biliography
	8. Examples
	Example 1
	Example 2
	Example 3
	Example 4
	Example 5
	Example 6
	Example 7
	Example 8
	Example 9
	Example 10
	Example 11
	Example 12
	Example 13
	Example 14
	Example 15
	Example 16
	Example 17

	Appendix A
	Figure A-1
	Table A-1
	Table A-2
	Table A-3
	Table A-4
	Table A-5
	Table A-6
	Table A-7
	Tables for distribution-free confidence limits for the median

	Supplements
	Supplement S-1
	Supplement S-2
	Supplement S-3
	Supplement S-4
	Supplement S-5
	Supplement S-6
	Worksheet W-4
	Worksheet W-4a
	Table A-8


	Worksheets
	Worksheet W-1
	Worksheet W-1a
	Worksheet W-2
	Worksheet W-3




