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ABSTRACT: A method is presented for estimating maximum
allowable total ammonia nitrogen (NH,-N) in saline waters
(brackish water and seawater) when the allowable upper
limit of free ammonia nitrogen (NH;-N) is known. The experi-
mental pK data of Khoo et al. (1977) were used to make a
graph and tables showing the ratio of NH,-N to NH;-N as a
function of pH, temperature, and salinity.

Ammonia*®* 1is toxic to aquatic organisms, and
recommended upper limits are included with other
‘redbook’ data aimed at improving the environment
(e.g. U.S. EPA, 1976). Because free ammonia (NH,) is
considered to be more toxic than ammonium ion
(NHJ), allowable upper limits ordinarily are expressed
as NH;-N. However, only NH,-N can be determined
analytically (Koroleff, 1976). The concentrations of
NH;-N and NHj -N are calculated values derived from
thermodynamic considerations.

The equilibrium of ammonia in water, shown by

NH} + H,0 2 NH, + H,0* (1)

is affected by pH, temperature, and ionic strength, with
pH exerting the greatest effect. In saline waters (brack-
ish water and seawater), ionic strength is usually
expressed operationally as salinity. Szumski et al.
(1982) evaluated existing standards for free ammonia
in natural freshwaters and concluded that criteria
based on fixed allowable limits of NH;-N are of limited
use unless mediating chemical and physical factors are
considered. The same is true of all natural waters. In
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* As used here, ‘ammonia’ is synonymous with total
ammonia {measured as total ammonia nitrogen, or NH,-N}),
which is the sum of NH, and NHf. Concentrations of all 3
ordinarily are expressed as nitrogen (NH;-N, NHf -N, NH,-N)
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this report we provide a graph and tables for estima-
ting the allowable upper limit of NH,-N in saline
waters based on a predetermined standard for NH;-N
and as a function of pH, temperature, and salinity.
The ratio of NH,-N to NH;-N in water is expressed
by 1+ antilog (pK - pH) where pK is minus the
logarithm of the equilibrium constant of Equation 1.
The pK is a function of temperature and salinity. The
experimental data of Khoo et al. (1977) for the ioniza-
tion of ammonium ion in seawater can be expressed by

pK = 0.09018 + 2727.92/(T + 273.1) +
(0.1552 — 0.000314 T) I (2)
where T represents temperature (°C), S is salinity in
parts per thousand (%o), and [is ionic (molal) strength
as shown by

I = 19.973 S/(1000 — 1.2005109 S) (3)

The ratios of NH,-N to NH;-N at different values of
temperature, pH, and salinity are shown in Fig. 1 and
Tables 1 through 6. To use the graph or tables the
allowable upper limit of NH;-N must first be estab-
lished, either arbitrarily or experimentally, after which
temperature, pH, and salinity are measured. Multiply
the value of the ratio obtained from the graph or tables
by the value of the allowable upper limit of NH;-N to
obtain maximum allowable NH,-N. The ratio is dimen-
sionless, and units can be either milligrams or moles of
NH,-N 171

The pK values of Whitfield (1974) derived theoreti-
cally are remarkably close to those of Khoo et al. (1977)
obtained experimentally. Typical errors based on
uncertainties in the pK data of Khoo and his coworkers
(one standard deviation) are 1.7 %. The data expressed
here are in close agreement with tabular values pre-
sented by Bower and Bidwell (1978), who based their
work on Whitfield’s theoretical pK data.
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Table 1. Ratio of total NH,-N to NH,-N at pH 7.8 and varying

temperature and salinity

temperature and salinity

Table 2. Ratio of total NH,-N to NH;-N at pH 7.9 and varying

pH=7.28 Salinity (%e) pH=79 Salinity (%)
T(EC) 5 10 15 20 25 30 35 TEC) 5 10 15 20 25 30 35
5 133.4 138.2 143.3 1486 154.1 159.9 166.0 5 106.2 110.0 1140 118.2 1226 127.2 132.1
6 123.1 1275 132.2 137.0 142.2 1475 153.1 6 98.0 101.5 105.2 109.1 113.1 1174 1218
7 113.7 1177 122.0 126.5 131.2 136.1 1413 7 90.5 93.7 97.1 100.7 1044 108.3 1124
3 105.0 108.8 1127 116.8 1212 1257 1305 8 83.6 86.6 897 93.0 964 100.1 1038
9 97.1 100.5 104.2 108.0 112.0 116.1 1205 9 77.3 80.1 83.0 860 891 925 959
10 89.8 93.0 963 999 1035 1074 1114 10 715 741 767 795 824 855 887
11 83.1 86.1 892 924 958 993 103.1 11 66.2 686 71.0 736 763 79.1 821
12 77.0 797 826 855 887 920 954 12 61.3 63.5 658 682 706 73.2 760
13 71.3 739 765 792 821 852 883 13 569 589 610 632 655 679 704
14 66.1 68.5 709 735 76.1 789 819 14 527 546 565 586 607 629 652
15 61.4 635 658 681 706 732 759 15 49.0 507 525 543 563 584 605
16 57.0 590 61.1 632 655 679 704 16 455 471 487 504 523 542 562
17 529 548 567 587 608 63.1 654 17 423 437 453 469 485 503 521
18 49.2 50.9 527 546 565 586 607 18 39.3 40.6 42.1 436 451 467 484
19 45.8 47.4 49.0 507 526 545 564 19 366 378 39.1 405 420 435 450
20 42.6 44.1 456 472 489 507 525 20 340 352 364 377 39.0 404 419
21 397 41.0 425 439 455 471 489 21 317 328 339 351 364 376 390
22 37.0 382 39.5 409 424 439 455 22 29.6 306 316 327 339 351 363
23 345 356 369 381 395 409 424 23 276 285 295 305 316 327 339
24 322 332 344 356 368 381 395 24 257 266 275 285 295 305 316
25 30.0 31.0 321 332 344 356 368 25 24.0 249 257 266 275 285 295
26 28.0 290 30.0 31.0 321 332 344 26 225 232 240 248 257 266 275
27 262 271 280 29.0 300 310 321 27 21.0 217 224 232 240 248 257
28 245 253 262 271 280 29.0 300 28 19.7 203 21.0 21.7 225 232 240
29 229 237 245 253 262 271 281 29 184 19.0 197 203 210 21.7 225
30 215 222 229 237 245 254 1262 30 173 178 184 190 197 204 211
31 20.1 20.8 215 222 23.0 237 246 31 16.2 167 173 178 184 19.1 197
32 189 195 201 208 21.5 222 230 32 152 157 162 167 173 179 185
33 17.7 183 189 195 202 209 216 33 143 147 152 157 162 168 173
34 16.6 172 177 183 189 196 202 34 134 13.8 143 148 152 157 163
35 156 16.1 16.6 17.2 178 184 19.0 35 126 13.0 134 139 143 148 153
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Fig. 1. Ratio of total NH,-N to NH;-N in saline waters at different values of pH, temperature, and salinity




Table 3. Ratio of total NH,-N to NH;-N at pH 8.0 and varying

temperature and salinity

Table 4. Ratio of total NH,-N to NH;-N at pH 8.1 and varying
temperature and salinity

pH =18.0 Salinity (%)

T (°C) 5 10 15 20 25 30 35
5 84.5 876 908 941 976 101.3 105.1
6 78.0 808 838 868 90.1 934 970
7 721 747 774 802 831 863 895
8 66.6 69.0 71.5 741 768 797 827
9 616 638 66.1 685 71.0 737 764

10 57.0 590 612 634 657 681 707
11 528 547 566 587 608 630 654
12 489 50.7 525 543 563 584 606
13 454 470 486 504 522 541 56.1
14 421 436 451 467 484 502 520
15 39.1 40.5 419 434 449 466 483
16 36.3 376 389 403 417 432 448
17 338 349 362 374 388 402 416
18 314 325 336 348 360 373 387
19 29.2 302 313 324 335 347 36.0
20 272 282 291 302 312 323 335
21 254 263 272 281 291 301 312
22 237 245 253 262 271 281 291
23 221 229 236 244 253 262 271
24 207 213 221 228 236 244 253
25 193 199 206 213 220 228 236
26 18.1 187 193 199 206 21.3 221
27 169 175 180 186 193 199 206
28 158 164 169 175 180 187 193
29 148 153 158 163 169 175 18.1
30 139 144 148 153 158 164 169
31 131 135 139 144 149 154 159
32 123 127 131 135 139 144 149
33 11.5 119 123 127 131 135 140
34 109 112 116 119 123 127 131
35 102 105 109 11.2 116 120 123

pH = 8.1 Salinity (%o)

T (°C) 5 10 15 20 25 30 35
5 67.4 698 723 750 777 807 837
6 62.2 644 667 692 717 744 772
7 57.5 595 617 639 663 687 713
8 53.1 550 570 59.1 612 635 659
9 49.1 509 527 546 566 587 609

10 455 47.1 488 505 524 543 563
11 422 436 452 468 485 503 52.2
12 391 404 419 434 449 466 483
13 36.2 375 388 402 417 432 448
14 337 348 360 373 387 401 415
15 31.3 323 335 347 359 372 385
16 29.1 30.1 311 322 333 345 358
17 270 280 289 299 31.0 321 333
18 252 260 269 279 288 299 309
19 234 242 251 259 268 278 288
20 21.8 226 234 242 250 259 268
21 204 211 218 225 233 241 250
22 19.0 197 203 210 217 225 233
23 17.8 184 19.0 196 203 210 217
24 166 172 177 183 19.0 196 203
25 155 16.1 166 171 1727 183 18.0
26 146 150 155 160 166 171 177
27 136 14.1 145 150 155 16.0 16.6
28 12.8 132 136 141 145 150 155
29 12.0 124 128 132 136 141 146
30 11.3 116 12.0 124 128 132 137
31 106 109 113 116 120 124 128
32 10.0 103 106 109 11.3 116 12.0
33 9.4 9.7 100 103 106 110 113
34 8.8 9.1 9.4 9.7 100 103 106
35 8.3 8.6 8.8 9.1 9.4 9.7 100

Table 5. Ratio of total NH,-N to NH;-N at pH 8.2 and varying

temperature and salinity

Table 6. Ratio of total NH,-N to NH;-N at pH 8.3 and varying
temperature and salinity

pH =8.2 Salinity (%)

T (°C) 5 10 15 20 25 30 35
5 53.7 556 576 597 620 643 667
6 496 514 532 552 572 593 616
7 45.8 475 492 510 528 548 568
8 42,4 439 455 471 488 506 525
9 39.2 40.6 421 436 452 468 48.6

10 363 376 39.0 404 418 434 450
11 33.7 349 36.1 374 387 401 416
12 312 323 335 347 359 372 386
13 290 300 311 322 333 345 358
14 269 279 288 298 309 320 332
15 250 259 268 277 287 297 308
16 233 241 249 258 267 276 286
17 21.7 224 232 240 248 257 266
18 202 209 216 223 231 239 2438
19 18.8 19.5 20.1 208 21.5 223 231
20 176 181 188 194 20.1 208 215
21 164 169 175 181 187 194 20.0
22 153 158 163 169 175 181 187
23 14.3 148 153 158 163 169 175
24 134 13.8 143 148 153 158 163
25 126 13.0 134 13.8 143 148 153
26 11.8 121 125 129 134 13.8 143
27 11.0 114 11.7 121 125 129 134
28 104 107 11.0 114 118 121 125
29 9.7 100 104 107 110 114 118
30 9.2 9.4 9.7 10.0 104 107 11.1
31 8.6 8.9 9.2 9.4 9.7 101 104
32 8.1 8.4 8.6 8.9 9.2 9.5 9.8
33 7.7 7.9 8.1 8.4 8.6 8.9 9.2
34 7.2 7.4 7.7 7.9 8.1 8.4 8.7
35 6.8 7.0 7.2 7.4 7.7 7.9 8.2

pH =83 Salinity (%e)

T (°C) 5 10 15 20 25 30 35
5 429 444 46.0 477 494 513 532
6 39.6 41.0 425 440 456 473 49.1
7 36.6 379 393 407 422 437 454
8 339 351 363 376 39.0 404 419
9 314 325 336 348 361 374 388

10 29.1 301 311 323 334 346 359
11 27.0 279 289 299 31.0 321 333
12 250 259 268 277 287 298 309
13 23.2 240 249 257 267 276 286
14 216 223 231 239 248 256 1266
15 20.1 208 215 222 23.0 238 247
16 18.7 193 20.0 207 214 222 230
17 174 18.0 186 193 199 206 214
18 162 168 173 1729 186 192 199
19 152 157 16.2 167 173 179 185
20 142 146 151 156 16.1 167 173
21 132 137 141 146 151 156 16.1
22 124 128 13.2 136 14.1 146 15.1
23 11.6 12,0 123 127 132 136 14.1
24 109 112 116 119 123 127 132
25 10.2 105 108 112 115 119 123
26 9.6 9.8 102 105 108 11.2 116
27 9.0 9.2 9.5 98 102 105 108
28 8.4 8.7 9.0 9.2 9.5 98 10.2
29 7.9 8.2 8.4 8.7 9.0 9.3 9.6
30 7.5 7.7 7.9 8.2 8.4 8.7 9.0
31 7.1 7.3 7.5 7.7 7.9 8.2 8.5
32 6.7 6.8 7.1 7.3 7.5 7.7 8.0
33 6.3 6.5 6.7 6.9 7.1 7.3 7.5
34 5.9 6.1 6.3 6.5 6.7 6.9 7.1
35 56 5.8 59 6.1 6.3 6.5 6.7
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