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Monthly DON concentrations from Ipswich River sub-watersheds used in study.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Monthly DON concentration (ug/L) [Number of Mean
Site | 2/1/99 4/1/99 11/1/99 4/1/00  9/1/00 | samples | DON (ug/L)
IS 102 395 na 96 241 165 4 224
IS 103 358 na 86 466 187 4 274
IS 104 361 na 169 368 65 4 241
IS 107 241 na 42 173 226 4 170
IS 110 585 na 692 441 370 4 522
IS 115 419 na 585 333 562 4 475
IS 118 389 na 375 307 474 4 386
IS 120 606 na 476 452 387 4 480
IS 124 | 296 na 711 279 942 4 557
IS 128 368 na 321 380 31 4 275
IS 129 304 na 549 386 324 4 391
IS 131 288 na 379 415 695 4 444
IS 132 412 na 880 384 1306 4 745
IS 135 252 417 480 373 na 4 381
IS 136 | 453 513 845 430 1251 5 698
IS 137 266 224 245 202 267 5 241
IS 138 513 512 846 395 1177 5 689
IS 140 657 806 1374 464 na 4 825
IS 141 363 379 652 277 557 5 445
IS 142 225 384 644 347 na 4 400
IS 143 445 403 431 256 na 4 384
IS 145 190 240 252 169 133 5 197
IS 147 496 392 381 290 517 5 415
IS 150 337 328 318 243 na 4 307
IS 152 440 410 123 436 244 5 331
IS 154 | 405 536 1051 329 na 4 580
IS 155 192 287 491 287 454 5 342
IS 160 694 737 916 506 1229 5 816
IS 161 679 497 708 411 639 5 587
IS 162 617 848 731 478 na 4 669
IS 163 286 na 476 306 368 4 359
IS 164 383 292 307 160 638 5 356
IS 166 202 230 302 221 495 5 290
IS 167 224 260 712 301 1513 5 602
IS 169 395 293 450 199 370 5 341
IS 172 763 437 616 651 594 5 612
IS_173 352 na 761 346 731 4 548
IS 175 312 240 240 292 292 5 275
104




Relationship between wastewater N load and measured minus wetland predicted DON
concentrations for the sites with direct N inputs (SCOPE watershed - Boyer et al., 2002)
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Comparison of regular and reduced frequency sampling on DON concentrations near the
mouth of the Ipswich River (IP-24). Regular samples are volume-weighted means, while
reduced frequency is an arithmetic mean of five sampling dates. Reduced frequency was
estimated base on the months of subwatershed sampling. For example, 1999-2000 is
based on samples during Feb, April and Nov. 1999 and April and Sept. 2000).

DON DON flux

Sampling Regime Year n (ng l'l) (kg/d)
Regular Frequency 1998-1999 18 397.7 127.0
1999-2000 21 452.3 219.5

2000-2001 12 362.4 194.4

2001-2002 11 3339 57.4

Reduced Frequency  1998-1999 5 510.0 240.5
1999-2000 5 476.8 330.4

2000-2001 5 384.5 373.1

2001-2002 5 318.0 137.0
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Northeastern U.S. watersheds in regional DON dataset.

Wetland| Urban|Urban + Agl TDN | DON | DIN | NO3 |DON/TDN
Site State | (%) (%) (%) (ug/L) | (ug/L) | (ug/L)| (ug/L) (%) Source
Aberjona River MA 4 68 70 2459 310 | 2149 na 13 4
Accotink C Near Annandale VA na 98 98 1686 795 890 826 47 8
Androscoggin River ME 3 1 6 645 370 275 180 57 1
Arbutus Lake Watershed NY 4 0 0 506 182 324 266 36 11
Blackstone River MA 7 18 26 2105 544 | 1561 | 680 26 1
Bound Bk At Middlesex NJ na 69 70 1463 612 852 772 42 8
Cedar Run At Eberlys Mill PA na 78 99 3760 279 | 3481 | 3433 7 8
Charles River MA 7 22 31 1150 592 558 540 51 1
Cone Pond NH 3 0 0 132 105 26 6 80 2,3
Connecticut River CT 5 4 13 839 349 490 310 42 1
Deer Creek Near Dorseyville PA na 20 63 1219 365 854 830 30 8
Delaware River MD 3 3 20 1407 436 971 870 31 1
Esopus Creek NY na na 6 350 80 270 250 23 5
Fall Kill At Poughkeepsie NY na 29 57 547 122 425 400 22 8
Georges Gorge NH 0 0 0 104 69 35 30 66 7
Gibbs Brook NH 4 0 0 147 82 65 67 56 7
Glen Boulder NH 0 0 0 209 69 140 135 33 7
Great Egg Harbor R Nr Sicklervilly NJ na 33 44 771 381 390 365 49 8
Hockanum R Nr East Hartford CT na 51 62 3412 515 | 2896 | 2466 15 8
Holiday Creek VA na <20 <20 208 149 59 36 72 5
Hubbard Brook 6 NH 0 0 0 148 100 47 38 68 2,3
Hubbard Brook 7 NH 0 0 0 162 88 75 75 54 2,3
Hubbard Brook 8 NH 0 0 0 210 126 84 77 60 2,3
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Northeastern U.S. watersheds in regional DON dataset (cont’d)

Wetland| Urban (Urban + Agl TDN | DON | DIN | NO3 [DON/TDN
Site State | (%) (%) (%) (ug/L) | (ug/L) | (ug/L)| (ug/L) (%) Source
Hubbard Brook 9 NH 4 0 0 227 182 45 37 80 2,3
Hudson River NY 3 3 13 929 227 702 | 360 24 1

Ipswich River MA 16 35 42 616 406 209 | 214 66 12
IS 102 MA 5 78 83 974 224 750 | 663 23 12

IS 103 MA 1 90 92 1039 274 765 685 26 12
IS 104 MA 13 69 74 1082 241 841 736 22 12
IS 107 MA 6 47 52 912 170 742 | 635 19 12
IS 110 MA 27 55 56 1093 522 571 426 48 12

IS 115 MA 13 63 63 1138 475 663 617 42 12

IS 118 MA 10 47 51 1014 386 627 | 582 38 12

IS 120 MA 18 49 54 1251 480 770 | 726 38 12

IS 124 MA 20 3 6 584 557 27 15 95 12

IS 128 MA 10 35 36 1589 275 | 1314 | 1233 17 12

IS 129 MA 19 18 19 486 391 96 67 80 12

IS 131 MA 10 50 58 1076 444 632 | 526 41 12

IS 132 MA 23 15 21 767 745 21 12 97 12

IS 135 MA 15 56 59 657 381 277 165 58 12

IS 136 MA 23 21 31 819 698 121 77 85 12

IS 137 MA 5 15 19 296 241 55 41 81 12

IS 138 MA 19 26 27 875 689 187 29 79 12

IS 140 MA 31 21 23 857 825 32 15 96 12

IS 141 MA 23 9 9 501 445 56 32 89 12

IS 142 MA 20 0 0 416 400 16 10 96 12
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Northeastern U.S. watersheds in regional DON dataset (cont’d)

Wetland| Urban [Urban + Agt TDN | DON | DIN | NO3 |DON/TDN
Site State | (%) (%) (%) (ug/L) | (ug/L) | (ug/L) | (ug/L) (%) Source
IS 143 MA 16 0 0 433 384 49 22 89 12
IS 145 MA 9 35 38 452 197 255 240 44 12
IS 147 MA 22 25 27 454 415 39 18 91 12
IS 150 MA 17 37 39 482 307 175 151 64 12
IS 152 MA 6 57 61 1490 | 331 | 1160 | 1046 22 12
IS 154 MA 16 25 31 681 580 101 82 85 12
IS 155 MA 18 48 50 488 342 146 123 70 12
IS 160 MA 24 6 19 1060 816 243 65 77 12
IS 161 MA 17 73 74 1486 587 899 825 40 12
IS 162 MA 32 25 38 775 669 106 91 86 12
IS 163 MA 15 43 58 867 359 508 425 41 12
IS 164 MA 21 31 33 611 356 255 114 58 12
IS 166 MA 15 56 56 956 290 666 589 30 12
IS 167 MA 16 27 27 790 602 188 18 76 12
IS 169 MA 14 60 60 1061 341 719 669 32 12
IS 172 MA 21 35 63 1350 | 612 738 663 45 12
IS 173 MA 19 32 52 700 548 153 52 78 12
IS 175 MA 11 23 43 972 275 697 668 28 12
Kennebec River ME 4 1 7 530 331 199 150 62 1
Lafayette Brook NH 0 0 0 296 89 207 205 30 7
Lamprey 1 NH 6 21 30 893 172 721 820 19 6
Lamprey 10 NH 7 1 2 195 146 49 39 75 6
Lamprey 11 NH 6 11 15 249 145 104 66 58 6
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Northeastern U.S. watersheds in regional DON dataset (cont’d)

Wetland| Urban {Urban + Agf TDN | DON | DIN | NO3 |DON/TDN

Site State | (%) (%) (%) (ug/L) | (ug/L) | (ug/L) | (ug/L) (%) Source
Lamprey 2 NH 12 5 6 275 219 56 41 80 6
Lamprey 3 NH 11 5 8 290 219 71 61 76 6
Lamprey 4 NH 9 8 10 355 202 153 139 57 6
Lamprey 5 NH 9 7 9 325 196 129 128 60 6
Lamprey 6 NH 8 5 7 271 177 94 92 65 6
Lamprey 7 NH 8 5 6 262 201 61 46 77 6
Lamprey 8 NH 7 5 7 252 164 88 95 65 6
Lamprey 9 NH 11 2 7 291 246 45 19 85 6
Lamprey mainstem NH 11 7 10 362 242 120 108 67 6
[_isha Kill Northwest Of Niskayung NY na 77 83 784 300 483 421 38 8
Little Wildcat NH 0 0 0 85 57 28 19 67 2,3
Lost Pond NH 0 0 0 141 96 45 35 68 2,3
Lovett 2 NY 0 0 0 419 78 340 | 339 19 10
Lovett 10 NY 0 0 0 364 43 321 316 12 10
Lovett 11 NY 0 0 0 557 69 489 503 12 10
Lovett 12 NY 0 0 0 571 41 531 503 7 10
Lovett 13 NY 0 0 0 392 81 311 314 21 10
Lovett 14 NY 0 0 0 361 56 305 311 16 10
Lovett 15 NY 0 0 0 332 45 287 | 295 14 10
Lovett 17 NY 0 0 0 326 55 272 | 287 17 10
Lovett 18 NY 0 0 0 430 80 350 | 349 19 10
Lovett 19 NY 0 0 0 568 87 482 | 463 15 10
Lovett 20 NY 0 0 0 371 53 318 | 328 14 10
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Northeastern U.S. watersheds in regional DON dataset (cont’d)

Wetland| Urban|Urban + Ag TDN | DON | DIN | NO3 [DON/TDN
Site State | (%) | (%) (%) | uglL) | (ug/L) | (ug/L)| (ug/L)| (%) Source
Lovett 21 NY 0 0 0 234 | 83 | 151 [ 143 35 10
Lovett 22 NY 0 0 0 354 | 92 | 262 | 260 26 10
Lovett 23 NY 0 0 0 379 | 95 | 284 | 273 25 10
Lovett 24 NY 0 0 0 447 | 63 [ 384 | 392 14 10
Lovett 25 NY 0 0 0 349 | 55 | 294 [ 301 16 10
Lovett 26 NY 0 0 0 431 | 108 | 323 [ 316 25 10
Lovett 28 NY 0 0 0 336 | 94 | 242 | 241 28 10
Lovett 3 NY 0 0 0 424 | 69 | 356 | 356 16 10
Lovett 30 NY 0 0 0 153 | 80 | 73 | 53 52 10
Lovett 31 NY 0 0 0 386 | 87 | 300 | 293 22 10
Lovett 32 NY 0 0 0 116 | 78 | 38 | 29 67 10
Lovett 33 NY 0 0 0 147 | 99 | 48 | 42 68 10
Lovett 35 NY 0 0 0 566 | 55 | 511 | 505 10 10
Lovett 36 NY 0 0 0 398 | 81 | 316 | 314 20 10
Lovett 37 NY 0 0 0 504 | 39 | 465 | 482 8 10
Lovett 38 NY 0 0 0 528 | 77 | 451 [ 445 15 10
Lovett 39 NY 0 0 0 354 | 50 | 304 | 302 14 10
Lovett 4 NY 0 0 0 462 | 62 | 400 | 416 13 10
Lovett 40 NY 0 0 0 510 | 62 | 448 | 451 12 10
Lovett 41 NY 0 0 0 298 | 64 | 234 | 227 22 10
Lovett 42 NY 0 0 0 319 | 45 | 274 | 277 14 10
Lovett 43 NY 0 0 0 312 | 50 | 262 | 244 16 10
Lovett 44 NY 0 0 0 420 | 66 | 354 | 377 16 10
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Northeastern U.S. watersheds in regional DON dataset (cont’d)

Wetland| Urban (Urban + Agl| TDN | DON | DIN | NO3 [DON/TDN
Site State | (%) (%) (%) (ug/L) | (ug/L) | (ug/L)| (ug/L) (%) Source
Lovett 5 NY 0 0 0 396 85 311 309 22 10
Lovett 6 NY 0 0 0 246 80 167 183 32 10
Lovett 7 NY 0 0 0 431 42 389 | 385 10 10
Lovett 8 NY 0 0 0 459 66 393 393 14 10
Lovett 9 NY 0 0 0 519 76 444 | 437 15 10
Lye Brook 1 VT na 0 0 532 370 162 150 70 2,3
Lye Brook 2 VT na 0 0 499 410 89 70 82 2,3
Lye Brook 3 VT na 0 0 515 410 105 80 80 23
Lye Brook 4 VT na 0 0 340 170 170 160 50 2.3
Lye Brook 5 VT na 0 0 458 240 218 | 210 52 2,3
Lye Brook 6 VT na 0 0 467 200 267 | 260 43 2,3
Lye Brook 7 VT na 0 0 538 230 308 | 300 43 2.3
Lye Brook 8 VT na 0 0 446 330 116 100 74 2.3
Lye Brook 9 VT na 0 0 496 370 126 110 75 23
MacDonalds Branch NJ na 0 0 190 142 48 25 75 5
Merrimack River MA 3 9 17 822 401 421 210 49 1
Mohawk River NY 3 5 33 1056 249 807 | 620 24 1
Neponset River MA 10 30 36 694 289 405 na 42 4
Norwalk River At Winnipauk CT na 50 55 742 173 569 539 23 8
Parker River MA 12 25 38 33 25 8 9 75 12
Passaic R At Two Bridges NJ na 42 45 1777 | 462 | 1315 | 1223 26 8
Peaboldy Trib NH 0 0 0 136 95 41 30 70 7
Penobscot River ME 5 0 2 498 351 147 110 70 1
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Northeastern U.S. watersheds in regional DON dataset (cont’d)

Wetland| Urban |Urban + Agl TDN | DON | DIN | NO3 |DON/TDN
Site State | (%) (%) (%) (ug/L) | (ug/L) | (ug/L)| (ug/L) (%) Source

Pequabuck R At Forestville CT na 43 49 3898 537 | 3361 | 2907 14 8
Potomac River MD 1 3 37 1814 | 452 | 1362 | 1070 25 1

Quashnet R. MA na 0 0 280 168 112 60 13
Rappahannock River VA 0 1 37 911 316 595 490 35 1
Rocky Branch NH 0 0 0 62 50 12 9 81 7
Rooster River At Fairfield CT na 98 98 2030 213 | 1818 | 1741 10 8
Saco River NH 4 1 3 408 268 140 120 66 1
Saddle R At Ridgewood NJ na 83 86 1519 | 227 | 1292 | 1267 15 8
Saugus River MA 9 56 60 950 323 627 na 34 4
Saw Mill River At Yonkers NY na 86 86 1335 328 | 1008 | 931 25 8
Schuylkill River PA 1 10 49 3866 | 712 | 3154 | 2570 18 1

Sleepers River VT 5 0 0 327 79 249 | 229 24 2,3
Slide Brook NH 0 0 0 114 58 56 49 51 7
Stillwater River MA 8 4 14 365 167 198 na 46 4
Susquehanna River VA 1 2 31 1684 284 1400 | 1100 17 1
Wading River MA 9 18 25 539 288 251 na 53 4
Wagquoit R. MA 1 51 53 1960 | 560 | 1400 29 9
Wild River ME na 0 0 120 76 44 29 63 5
Young Womans Creek PA na 0 0 503 151 352 | 335 30 5
Zealand Valley NH 0 0 0 126 43 83 76 34 7
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Sources for northeastern U.S. watershed data in regional DON dataset
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Thesis, University of New Hampshire.
3. Campbell, J.L., J.W. Hornbeck, W.H. McDowell, D.C. Buso, J.B. Shandley, and G.E. Likens. 2000. Dissolved organic nitrogen
budgets for upland, forested ecosystems in New England. Biogeochemistry 49: 123-142.
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Isotopic data for hydrograph separation of January 29-31, 2002 storm event at the Saw
Mill Brook sub-catchment.

Cumulative Discharge 6 M Old water

ID Date Time precip (in) (cfs) (permil) (%)
baseflow 1/27/02  12:00
baseflow 1/29/02  13:30 0 0.44 -52.13 100
S-1 1/30/02  6:54 0.21 0.75 -45.95 82
S-2 1/30/02  7:14 0.22 1.13 -49.79 93
S-3 1/30/02 7:34 0.22 1.88 -39.14 61
S-4 1/30/02  8:04 0.23 2.87 -44.79 78
S-5 1/30/02  8:34 0.23 2.86 -43.63 75
S-6 1/30/02  9:04 0.23 2.55 -36.12 52
S-8 1/30/02  10:34 0.24 1.69 -31.29 38
S-9 1/30/02  12:34 0.24 1.16 -36.65 54
S-10 1/30/02  14:34 0.24 0.87 -36.97 55
S-11 1/30/02  16:34 0.24 0.76 -41.41 68
S-12 1/30/02  18:34 0.24 0.67 -38.65 60
S-13 1/30/02  20:34 0.24 0.63 -40.18 64
S-14 1/30/02  22:34 0.24 0.60 -48.35 89
S-15 1/31/02  0:34 0.24 0.59 -45.75 81
S-16 1/31/02  2:34 0.24 0.56 -46.70 84
S-17 1/31/02  4:34 0.24 0.54 -47.24 85
S-18 1/31/02  6:34 0.24 0.53 -48.51 89
S-19 1/31/02  8:34 0.24 0.52 -49.60 92
S-20 1/31/02  10:34 0.24 0.51 -47.03 85
S-21 1/31/02  12:34 0.24 0.50 -49.15 91
post-event 2/10/02  12:00 -50.93
pipe 1/29/02  12:00 -55.77
pipe 2/1/02  12:00 -32.04
rain 2/1/02 -18.64
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Isotopic data for hydrograph separation of September 15-21, 2002 storm event at the Saw
Mill Brook sub-catchment.

Cumulative Discharge 5°H  Old water

ID Date Time precip (in) (cfs) (per mil) (%)
S-1 9/15/02  21:03 0.08 0.01 -40.42 100
S-2 9/15/02  21:23 0.1 0.01 -40.77 99
S-3 9/15/02  21:43 0.13 0.01 -40.44 100
S-4 9/15/02  22:13 0.15 0.01 na na
S-5 9/15/02  22:43 0.15 0.01 -40.62 99
S-6 9/15/02  23:13 0.16 0.01 -41.35 97
S-7 9/16/02  0:13 0.16 0.01 -40.63 99
S-8 9/16/02 1:13 0.16 0.55 -45.93 80
S-9 9/16/02  2:13 0.17 0.52 -42.97 91
S-10 9/16/02  3:13 0.19 0.40 -43.01 91
S-11 9/16/02  4:13 0.28 0.31 -45.12 83
S-12 9/16/02  6:13 0.33 3.51 -49.05 69
S-13 9/16/02 8:13 0.33 1.95 -66.69 6
stream 9/16/02  10:00 0.33 1.03 -67.86 2
S-14 9/16/02  15:25 0.36 0.24 -62.29 22
S-15 9/16/02  20:25 0.36 0.63 -60.90 27
S-16 9/17/02 1:25 0.36 0.14 -63.36 18
S-17 9/17/02  6:25 0.36 0.09 -66.50 7
S-18 9/17/02  11:25 0.36 0.07 -69.23 0
S-19 9/17/02  16:25 0.36 0.06 -66.90 6
S-20 9/17/02  21:25 0.36 0.05 -67.06 5
stream 9/18/02  12:00 0.36 0.05 -63.84 16
stream 9/21/02  12:00 0.36 0.01 -55.95 45
precipitation 9/16/02 0.01 -68.46
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Watershed area, population density and land use for Ipswich River sub-catchments (see

chapter 3).
Pop Open
Area | density | Ag |ForestfHumanImperv| Indust| water [Wetlands
Name | (km’)| @/km’) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
IS 160 | 1.9 20.1 132 ] 559 | 6.6 1.3 0.2 0.1 24.0
IS 124 | 2.4 31.5 42 | 7351 3.1 0.6 0.0 0.1 19.2
IS 170 | 4.2 53.0 | 282 | 37.0| 12.8 2.6 0.0 0.2 21.7
IS 143 | 1.1 55.9 0.8 1809 0.7 0.1 0.0 1.9 15.7
IS 142 ]| 14 56.4 0.1 18.2] 0.1 0.0 0.0 0.0 19.5
IS 141 | 2.2 63.3 0.0 | 67.8 ] 9.0 1.8 0.0 0.7 22.6
IS 127 | 1.3 69.4 00 | 63.2 | 9.8 2.0 0.0 5.1 21.8
IS 137 | 14 84.8 43 | 55.7 | 13.8 2.5 0.5 20.7 5.0
IS 133 | 2.2 86.2 1.6 | 56.7 1 11.4 4.7 4.2 0.2 25.9
IS 138 | 1.6 89.9 0.2 | 50.2 | 27.5 5.4 0.0 3.5 18.6
IS 132 | 1.9 1195 | 6.2 | 554 | 16.3 3.2 0.0 0.1 22.0
IS 140 | 1.5 124.1 21 | 469 | 20.5 4.0 0.0 0.5 30.0
IS 147 | 1.6 126.6 1.5 | 464 | 24.6 4.8 0.0 7.4 20.0
IS 145 | 1.1 1432 | 32 | 53.1 | 32.8 6.9 0.9 0.4 9.6
IS 148 | 1.8 1454 | 45 | 544 | 229 4.6 0.0 0.0 18.1
IS 129 | 1.4 149.9 1.6 | 63.1 | 14.1 3.2 1.1 0.6 19.5
IS 172 | 1.4 157.4 | 27.3 | 15.1 | 34.8 6.9 0.0 0.8 22.0
IS 169 | 0.6 174.8 1.0 | 24.1 | 580 | 11.5 0.0 0.4 12.8
IS 162 | 0.8 1948 | 134 | 305 185 ] 15.1 9.1 1.0 25.6
IS 154 | 1.0 1954 | 6.6 | 56.2 | 224 4.6 0.1 0.1 14.6
IS 150 | 1.1 2015 | 23 [ 46.1 | 174 ] 192 16.8 0.0 17.5
IS 136 | 2.5 | 240.7 | 10.0 | 44.7 | 22.7 5.2 0.0 0.0 21.8
IS 173 | 2.1 2707 | 220 | 27.8 | 25.0 | 11.8 5.6 0.5 19.1
IS 122 | 1.4 | 3093 | 322 ]| 16.6 | 359 6.0 1.6 0.0 12.7
IS 167 | 1.7 | 317.2 | 0.0 | 53.7 | 21.9 | 126 6.5 0.6 15.3
IS 135§ 1.8 | 317.7 | 3.2 [ 27.6 | 248 | 287 | 29.0 0.0 13.9
IS 155 | 1.5 | 328.7 1.8 | 31.6 | 45.6 | 10.5 1.6 0.1 19.3
IS 128 { 0.9 | 346.1 04 | 51.9 ] 37.1 7.3 0.0 0.0 10.5
IS 175 | 2.2 | 361.9 | 199 | 449 | 238 7.8 0.9 0.2 10.3
IS 131 | 1.6 | 3783 | 7.8 | 303 | 50.6 | 14.2 1.2 0.2 8.4
IS 152 | 1.5 | 418.7 | 3.7 | 33.4 | 55.6 | 11.7 0.4 0.1 6.8
IS 164 | 2.5 | 4555 | 23 [ 41.7] 245 | 121 6.4 3.2 18.7
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Watershed area, population density and land use for Ipswich River sub-catchments

(cont’d).
Pop Open
Area | density | Ag |ForestHuman Imperv| Indust| water {Wetlands
Name_| (km’)| (¥/km’) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
IS 118 1 1.9 | 466.0 | 3.8 | 374 | 458 9.7 0.0 3.1 9.8
IS 120 | 2.5 469.2 | 4.7 | 27.5 ] 49.7 | 14.8 0.8 0.5 16.8
IS 107 | 2.8 510.7 57 | 304 | 443 9.5 1.1 10.5 5.6
IS 110 | 3.0 512.2 1.1 | 164 | 40.8 | 22.6 14.0 0.1 25.6
IS 111 | 1.1 531.5 0.7 1172 ] 238 | 26.6 | 203 0.3 36.0
IS 163 | 3.5 579.2 | 151 | 202 | 303 | 20.1 13.2 4.5 15.5
IS 166 | 0.8 650.3 02 ]265] 569 | 154 0.0 0.4 15.4
IS115}| 14 858.8 0.0 | 22.6 | 64.1 17.9 0.0 0.0 12.2
IS 104 | 1.4 887.5 59 | 11.7 ] 63.6 | 20.4 2.5 0.0 13.3
IS 102 | 3.8 9792 | 44 | 12,6 | 729 | 25.2 4.8 0.0 4.4
IS 161 | 0.9 | 10556 { 1.1 92 | 72.8 | 21.9 0.0 0.0 16.9
IS 103 | 0.6 | 11492 | 1.5 7.8 | 89.0 | 26.4 0.0 0.0 1.7
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Watershed area, population density, percent on septic systems, percent on public water
and surficial geology in Ipswich River sub-catchments (see chapter 3).

Pop | Popon Pop on m|

Area | density | septic |public water|Alluviu Sand Till
Name | (km?) | @km?)| (%) (%) (%) (%) (%)
IS 160} 1.9 20.1 100 98 0.0 67.1 32.5
IS 124 2.4 31.5 93 8 0.0 0.0 100.0
IS 170] 4.2 53.0 100 100 12.0 52.1 32.7
IS 143} 1.1 559 92 9 0.0 0.1 99.9
IS 142] 1.4 56.4 92 9 0.0 43 95.6
IS 141 2.2 63.3 85 16 0.0 1.1 98.9
IS 127 1.3 69.4 91 97 0.0 3.7 96.2
IS 137] 1.4 84.8 92 9 0.5 0.5 98.9
IS 133} 2.2 86.2 4 99 0.0 14.5 85.3
IS 138 1.6 89.9 92 9 0.5 20.5 78.8
IS 132 1.9 119.5 23 98 0.0 0.0 100.0
IS 140| 1.5 124.1 92 9 0.0 345 65.2
IS 147| 1.6 126.6 94 9 13.7 51.3 34.5
IS 145] 1.1 143.2 100 3 0.0 76.7 22.8
IS 148| 1.8 145.4 91 59 0.0 75.4 24.2
IS 129 1.4 | 149.9 77 95 0.0 10.9 88.9
IS 172 1.4 | 1574 58 96 0.0 69.9 0.5
IS 169] 0.6 174.8 97 91 0.0 55.0 38.7
IS 162| 0.8 194.8 99 98 0.0 48.6 48.6
IS 1541 1.0 | 1954 99 79 1.6 16.2 81.9
IS 150| 1.1 | 201.5 100 0 0.0 60.4 39.1
IS 136] 2.5 | 240.7 6 96 0.0 0.5 98.6
IS 173] 2.1 270.7 49 96 5.6 64.1 30.1
IS 1221 1.4 | 309.3 50 94 0.0 66.8 31.1
IS 167 1.7 | 317.2 22 98 4.8 30.8 534
IS 135 1.8 | 3177 17 97 0.0 0.0 98.2
IS 1551 1.5 328.7 98 83 0.0 69.7 30.1
IS 128] 0.9 | 346.1 94 95 9.5 17.8 72.2
IS 175] 2.2 | 361.9 30 96 0.0 36.6 62.9
IS 131 1.6 | 378.3 84 92 0.0 0.0 98.1
IS 152 1.5 | 418.7 93 96 0.0 49.4 50.2
IS 164]| 2.5 | 455.5 8 99 0.0 64.8 23.2
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Watershed area, population density, percent on septic systems, percent on public water
and surficial geology in Ipswich River sub-catchments (cont’d).

Po

Area densli)ty Ag Forest Human | Imperv | Indust
Name | (km) | @#km)| (%) (%) (%) (%) (%)
IS 118 19 | 466.0 93 97 0.6 14.6 69.0
IS 120 2.5 | 469.2 83 74 0.0 40.2 59.4
IS 107] 2.8 | 510.7 13 98 0.0 22.5 72.9
IS 110 3.0 | 512.2 43 100 33.0 49.1 13.7
IS 1111 1.1 531.5 98 99 0.0 94.2 4.0
IS 163]| 3.5 579.2 34 91 0.0 28.9 69.1
IS 166 0.8 | 650.3 10 99 0.0 313 67.4
IS 115 1.4 | 858.8 20 98 0.0 21.0 76.4
IS 104| 1.4 | 887.5 32 99 0.0 42.1 53.9
IS 102| 3.8 | 979.2 7 97 6.3 15.5 76.6
IS 161 0.9 | 1055.6 100 91 0.0 92.6 7.3
IS 103| 0.6 | 1149.2 9 100 0.0 0.6 99.4
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Isotopic values ("’N-NO;) and NO; concentrations in streams during summer (August
2003) and winter (February 2003) in sub-catchments of the Ipswich River watershed.

§'°N-NQ, (per mil) NO; (uM
Site |Summer Winter |Summer Winter

IS-102 8.7 7.7 66.32 86.70
1S-104 11.0 9.6 96.16 83.08
IS-115 16.7 na 57.19

1S-120 11.7 9.4 78.20 83.36
1S-128 11.9 na 181.39 na
IS-131 10.9 na 14.81 na
IS-141 2.4 na 4.14 na
IS-161 12.3 na 86.54 na
I1S-172 na 0.6 na 3.34
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Monthly NOj; concentrations from sub-catchments of the Ipswich River watershed.

Pop
density NO; concentration (uM) on sampling date
Site (#/kmz) 12/30/01 1/27/02 2/24/02 3/17/02 4/28/02 5/26/02 6/28/02 7/28/02 8/25/02 9/29/02 10/27/02 11/24/02
IS 160 20 21.7 16.2 8.5 9.5 5.7 9.5 5.7 0.0 na 13.3 56.7 10.6
IS 170 53 na 17.6 20.5 16.7 13.1 8.1 18.4 84.4 na 48.0 4.6 15.0
IS 143 56 2.0 6.7 3.6 2.7 na 1.3 2.5 na na na 0.1 4.0
IS 127 69 11.8 31.6 50.1 37.0 35.1 61.3 8.0 na na na 25.2 40.4
IS 137 85 3.6 4.7 1.2 na na 0.2 0.8 2.0 2.1 na 5.2 1.4
IS 132 | 119 7.8 1.7 1.4 0.5 0.0 0.4 2.0 0.5 0.4 0.5 0.5 0.5
IS 145 | 143 na 7.1 30.5 na na 19.5 37.7 43.6 na 10.7 18.3 24.0
IS 148 | 145 2.1 7.2 3.2 2.8 0.2 0.7 na na 2.8 0.1 na
IS 129 [ 150 8.9 6.8 7.0 1.8 0.6 1.1 1.0 na 61.5 na 13.7 1.8
IS 162 195 1.8 18.6 7.5 3.8 5.0 4.2 5.2 na na 2.7 8.8 4.8
IS 136 | 241 5.1 16.2 7.5 4.1 2.1 43 2.2 na na na 4.7 2.3
IS 167 | 317 2.7 5.1 3.2 2.4 0.5 0.3 0.4 na na na 42 2.4
IS 1351 318 41.2 30.7 31.7 15.7 14.3 9.3 16.0 na 243 2.6 12.8 6.5
IS 128 | 346 96.0 73.3 80.2 65.4 64.3 79.6 137.8 na na na 45.1 63.4
IS 131 | 378 83.9 117.1 | 111.0 | 78.6 48.3 46.9 22.0 9.5 na 25.1 38.4 94.3
IS 152 | 419 93.3 112.0 | 120.3 99.1 na na 89.2 76.9 104.3 74.1 63.3 92.4
IS 164 | 456 34 3.7 3.1 3.4 2.3 1.9 1.1 23.1 na na 4.2 54
IS 118 | 466 44.5 40.8 38.9 33.9 21.8 25.1 20.0 54.6 na 12.1 23.3 34.7
IS 120 | 469 80.7 54.1 74.2 62.2 52.0 na 101.9 na 61.8 53.5 16.8 52.2
IS 110 | 512 28.1 25.7 26.6 22.8 36.0 14.1 4.7 na 48.1 80.3 20.3 8.3
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Monthly NO; concentrations from sub-catchments of the Ipswich River watershed (cont’d)

Pop
density NO; concentration (uM) on sampling date
Site (#/kmz) 12/30/01 1/27/02 2/24/02 3/17/02 4/28/02 5/26/02 6/28/02 7/28/02 8/25/02 9/29/02 10/27/02 11/24/02
IS 111 532 55.8 10.7 11.3 12.9 6.4 9.9 9.2 na na na 127.2 8.8
IS 163 579 322 28.6 32.0 24.3 31.3 28.6 8.4 19.0 27.3 5.1 15.1 25.6
IS 166 650 41.7 43.4 46.1 35.8 20.6 38.5 55.6 80.9 125.3 493 25.0 41.3
IS 115 859 75.1 50.1 45.7 30.5 384 49.5 24.2 na 45.1 143.7 33.6
IS 104 888 96.8 77.8 75.8 55.8 49.5 68.3 61.2 93.6 27.5 61.3 59.2 50.7
IS 102 979 52.6 40.0 82.3 58.3 63.7 76.6 63.6 79.2 60.5 24.8 31.8 79.2
IS 161 1056 59.3 27.3 57.9 44.6 48.6 73.3 19.5 194.7 na 26.5 6.0 47.6
IS 103 | 1149 48.4 70.0 77.7 57.1 58.4 65.9 42.4 21.3 32.2 16.1 51.0 59.3
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Monthly NH4 concentrations from sub-catchments of the Ipswich River watershed.

Pop
density NH, concentration (uM) on sampling date
Site (#/kmz) 12/30/01 1/27/02 2/24/02 3/17/02 4/28/02 5/26/02 6/28/02 7/28/02 8/25/02 9/29/02 10/27/02 11/24/02
IS 160 20 7.3 2.6 2.2 2.6 4.6 10.2 15.1 37.2 na 5.6 7.6 2.0
IS 170 53 na 2.8 1.6 1.6 2.7 3.8 9.7 9.8 na 4.0 2.5 2.2
IS 143 56 1.4 49 2.2 1.2 na 2.3 5.0 na na na 1.6 7.2
IS 127 69 6.8 47 4.2 4.3 4.4 6.5 35.2 na na na 8.1 3.2
IS 137 85 2.8 2.5 1.0 na na 1.0 2.7 35.9 2.4 na 2.8 1.0
IS 132 | 119 3.7 2.4 2.1 1.7 2.4 32 10.0 10.0 9.7 6.2 5.5 3.9
IS 145 | 143 na 2.0 1.2 na na 1.8 4.0 3.1 na 2.2 2.5 1.0
IS 148 | 145 1.4 1.4 1.4 1.3 2.1 2.5 na na na 1.1 1.9 na
IS 129 | 150 3.8 3.0 2.9 1.7 1.7 2.5 12.6 na 7.1 na 3.9 2.8
IS 162 | 195 2.7 3.2 2.0 1.8 3.9 5.3 16.4 na na 5.1 5.0 2.8
IS 136 | 241 2.8 2.3 2.0 1.5 2.1 5.6 13.4 na na na 5.7 2.2
IS 167 | 317 4.8 1.6 1.8 1.9 1.8 2.1 14.1 na na na 6.2 2.1
IS 135 | 318 9.9 15.6 13.3 3.1 33 4.4 16.1 na 10.4 18.8 2.4 9.5
IS 128 | 346 16.3 11.5 11.6 8.3 10.2 10.2 16.2 na na na 5.5 10.0
IS 131 | 378 5.3 6.3 2.5 2.6 3.6 4.1 10.5 3.5 na 35 2.4 3.6
IS 152 | 419 20.6 13.8 12.4 11.6 na na 154 23.9 53.1 40.4 9.2 7.8
IS 164 | 456 2.1 4.3 1.6 2.6 2.2 3.0 3.8 16.2 na na 0.9 4.5
IS 118 | 466 4.4 5.5 33 34 2.7 5.5 254 3.6 na 1.7 2.4 2.4
IS 120 | 469 4.1 53 6.0 5.7 4.0 na 5.2 na 6.3 4.7 3.6 6.0
IS 110 | 512 23.0 12.8 7.8 49 3.7 9.3 21.6 na 29.8 4.2 6.5 5.6
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Monthly NHy4 concentrations from sub-catchments of the Ipswich River watershed (cont’d).

Pop
density NH, concentration (uM) on sampling date
Site |(@#/km®)| 12/30/01 1/27/02 2/24/02 3/17/02 4/28/02 5/26/02 6/28/02 7/28/02 8/25/02 9/29/02 10/27/02 11/24/02

IS 111 | 532 3.5 3.2 3.0 1.7 2.0 3.6 19.0 na na na 12.9 2.9
IS 163 | 579 5.4 3.1 2.8 2.0 19.8 4.6 6.3 0.9 7.9 3.6 2.8 1.8
IS 166 | 650 10.8 9.7 4.7 3.9 4.9 11.4 23.9 6.6 19.1 9.4 3.9 4.0
IS 115 | 859 9.4 2.5 23 na 4.2 5.2 15.1 2.7 na 9.2 53 24
IS 104 | 888 10.8 9.3 8.1 5.6 8.7 10.5 16.5 11.8 16.0 16.3 3.1 4.8
IS 102 | 979 na 6.2 10.0 5.0 5.2 8.8 7.6 6.1 13.0 6.9 3.0 7.0
IS 161 | 1056 8.4 4.8 6.1 5.5 10.8 8.7 9.8 11.4 na 7.1 4.8 3.5
IS 103 | 1149 7.1 7.4 8.5 49 10.9 10.4 19.0 7.0 9.7 3.7 4.3 5.7
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Monthly PO, concentrations from sub-catchments of the Ipswich River watershed.

Pop
density PO, concentration (uM) on sampling date
Site |(#/km®)| 12/30/01 1/27/02 2/24/02 3/17/02 4/28/02 5/26/02 6/28/02 7/28/02 8/25/02 9/29/02 10/27/02 11/24/02

IS 160 | 20 0.25 0.18 0.24 0.18 0.53 0.76 1.00 2.38 na 0.91 0.48 0.14
IS 170 | 53 na 0.46 0.19 0.14 0.40 0.33 0.48 0.85 na 0.14 0.39 0.29
IS 143 56 0.03 0.31 0.18 0.13 na 0.25 0.28 na na na 0.23 0.12
IS 127 | 69 0.32 0.26 0.31 0.26 0.71 0.97 4.21 na na na 0.90 0.32
IS 137 85 0.07 0.18 0.05 na na 0.06 0.15 1.42 0.09 na 0.13 0.11
IS 132 119 0.21 0.15 0.13 0.11 0.20 0.19 0.60 1.02 0.40 0.37 0.24 0.18
IS 145 | 143 na 0.39 0.17 na na 0.25 0.17 0.45 na 0.06 0.21 0.15
IS 148 | 145 0.16 0.26 0.28 0.21 0.27 0.17 na na 0.29 0.13 na

IS 129 | 150 0.32 0.33 0.58 0.28 0.57 0.66 1.25 na 0.18 na 0.88 0.40
IS 162 | 195 0.18 0.13 0.12 0.12 0.47 0.38 0.51 na na 0.73 0.33 0.18
IS 136 | 241 0.27 0.13 0.09 0.05 0.42 0.58 0.97 na na na 0.29 0.13
IS 167 | 317 na na na na na na na na na na na na

IS 135 | 318 0.09 0.12 0.23 0.11 0.29 0.50 0.72 na 0.50 1.51 0.46 0.42
IS 128 | 346 0.23 0.30 0.33 0.09 0.32 0.05 0.29 na na 0.22 0.12
IS 131 | 378 0.43 0.30 0.25 0.27 0.41 0.26 0.61 0.46 na 0.47 1.82 0.35
IS 152 | 419 0.20 0.33 0.27 0.34 na na 0.07 0.34 0.03 0.07 0.14 0.17
IS 164 | 456 0.14 0.02 0.20 0.13 0.11 0.28 0.17 0.54 na na 0.15 0.16
IS 118 | 466 0.19 0.32 0.21 0.15 0.23 0.20 0.31 0.56 na 0.35 0.40 0.14
IS 120 | 469 0.17 0.37 0.36 0.39 0.40 na 0.49 na 0.96 0.51 na 0.19
IS 110 | 512 0.39 0.30 0.15 0.15 0.17 0.25 0.23 na 1.21 0.07 0.22 0.09
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Monthly PO, concentrations from sub-catchments of the Ipswich River watershed (cont’d)

Pop
density PO, concentration (uM) on sampling date
Site |(#/km?)| 12/30/01 1/27/02 2/24/02 3/17/02 4/28/02 5/26/02 6/28/02 7/28/02 8/25/02 9/29/02 10/27/02 11/24/02
IS 111} 532 0.51 0.51 0.21 0.17 0.31 0.25 0.79 na na na 0.73 0.15
IS _163| 579 0.18 0.20 0.29 0.15 0.47 0.37 0.34 0.42 0.41 0.23 0.32 0.16
IS 166| 650 0.10 0.34 0.22 0.16 0.14 0.20 0.44 0.40 0.17 0.49 0.19 0.20
IS 115| 859 0.26 0.33 0.26 na 0.50 0.28 0.69 0.38 na 0.49 1.68 0.28
IS 104| 888 0.09 0.30 0.25 0.11 0.40 0.03 0.22 0.34 0.21 0.12 0.14 0.11
IS 102] 979 na 0.10 0.36 0.10 0.45 0.27 0.05 0.05 0.34 0.36 0.28 0.16
IS 161| 1056 0.18 0.12 0.25 0.27 0.80 0.63 0.77 0.51 na 0.48 0.36 0.38
IS 103| 1149 0.32 0.45 0.99 0.32 0.79 0.25 0.26 1.37 2.43 1.10 0.23 0.25
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Monthly SiO, concentrations from sub-catchments of the Ipswich River watershed.

Pop
density SiO, concentration (uM) on sampling date

Site |(#/km®) | 12/30/01 1/27/02 2/24/02 3/17/02 4/28/02 5/26/02 6/28/02 7/28/02 8/25/02 9/29/02 10/27/02 11/24/02
IS 160 20 na 175.80 | 161.60 | 152.41 ] 150.04 | 77.31 | 122.75| 178.68 na 268.01 | 156.29 | 116.81
IS 170 53 na 167.19 | 131.36 | 133.22 ] 151.10| 69.64 | 119.13 | 251.55 na 262.73 | 88.98 110.75
IS 143 56 na 152.37 | 156.69 na na 125.76 | 143.87 | 143.09 na 119.60 | 136.95 | 163.32
IS 127 69 162.64 | 113.96 | 118.59 | 114.12 | 113.48 | 55.13 | 101.22 na na na 137.03 | 73.29
IS 137 85 52.23 | 41.83 | 12.63 na na 1343 | 343 | 62.77 | 16.23 na 29.42 16.36
IS 132 119 79.82 | 127.11 ] 93.79 | 4132 | 72.06 | 13.00 | 13.22 | 1222 | 15.16 | 21.80 | 58.65 122.88
IS 145 143 102.59 | 160.70 | 134.95 | 102.42 | 106.92 | 90.68 na na 252.71 | 136.56 na
IS 148 145 na 157.62 | 148.55 na na 98.06 | 133.87 na na na 98.50 126.18
IS 129 150 41.8 184.58 | 114.29 | 125.83 | 122.12 | 43.54 | 51.22 na 209.35 na 151.45 | 80.40
IS 162 195 na 113.71 { 100.99 | 101.50 | 69.40 | 31.93 | 52.23 na na 53.99 | 14797 | 55.40
IS 136 241 289.69 | 204.31 | 143.73 [ 90.60 | 70.00 | 30.08 | 73.71 na na na 194.37 | 51.88
IS 167 317 na 103.86 | 147.51 | 128.63 | 81.78 | 11.61 | 50.74 na na na 150.15 | 86.92
IS 135 318 48.94 | 129.40 | 170.76 | 115.95 | 172.14 | 126.10 | 120.28 na 28.77 | 106.40 | 80.62 95.84
IS 128 346 na 204.77 | 186.72 | 163.70 | 159.99 | 128.24 | 196.55 na na na 148.87 | 180.58
IS 131 378 159.83 | 194.37 | 168.59 | 147.83 | 160.46 | 144.99 | 153.63 | 74.58 na 315.77 | 176.50 | 159.43
IS 152 419 na 194.31 | 200.60 | 187.72 na na 70.29 | 182.96 | 190.88 | 259.23 | 161.44 | 199.23
IS 164 456 na 14.42 | 30.09 [ 29.97 | 16.16 | 19.83 | 66.94 | 93.83 na na 47.28 15.30
IS 118 466 146.68 | 143.48 | 135.54 | 133.46 | 72.39 | 79.98 | 119.05| 95.53 na na 126.63 | 170.16
IS 120 469 155.36 | 197.73 | 199.32 | 181.72 | 175.33 na 221.36 na 61.47 | 155.61 na 176.23
IS 110 512 na 188.32 1 160.54 | 146.41 | 71.35 | 105.70 | 112.80 na 24.15 | 191.62 } 152.29 | 147.76
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Monthly SiO, concentrations from sub-catchments of the Ipswich River watershed (cont’d)

Pop
density SiO, concentration (uM) on sampling date

Site |(#km?) |12/30/01 1/27/02 2/24/02 3/17/02 4/28/02 5/26/02 6/28/02 7/28/02 8/25/02 9/29/02 10/27/02 11/24/02
IS 111 532 221.96] 101.18] 88.05| 130.90] 118.45 7.02] 30.66[na na na 221.56 41.80
IS 163 579 |na 138.54| 169.23] 148.51| 84.92] 123.52] 134.78| 226.00] 24.07( 247.32} 127.41|na
IS 166 650 |na 185.54] 175.10| 143.72| 24.88| 102.25| 25.33| 176.50] 162.54] 287.12| 157.60] 137.70
IS 115 859 195.37] 179.41f 165.88] 95.84| 170.98] 156.74] 171.10f 93.18|na 137.06|na 149.56
IS 104 888 |na 183.85] 199.36] 186.40| 178.60] 171.25] 158.04] 220.88] 146.00) 202.14] 109.39] 168.84
IS 102 979 |na 93.12] 202.80 161.35] 198.55| 190.22| 228.05| 194.10] 21.31] 162.67| 165.41] 227.14
IS 161 1056 |na 176.24| 179.37] 166.29| 132.54] 122.98] 119.95 260.18|na 181.91] 109.32] 175.82
IS 103 | 1149 |na 197.04[na 197.39] 169.97| 170.49] 155.54] 91.99 8.11| 138.72 32.83] 200.65




