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30°— INTRODUCTION The minimum estimated average dissolved-solids concentration ] \ Q’ LipEmY. \ / b 3 R H __I
Historical dissolved-solids data were analyzed to evaluate their in water from canals sampled regularly in south Florida is 238 mg/1 Q N / i \N\ ‘\ 71
areal distribution and to compute the loads irans rted by major for station 24 on the Tamiami Canal in Dade County. The maximum { V( % : / /
rivers, canals and springs in the State of Florida Thpg concer);trati‘]on estimated concentration, 798 mgjl, is for Main Canal at Vero Beach \ ! PROCIN> _& 0.08 EREAYETTE \
of diséolved solids is a measure of the amount of inorganic and inline River County (station 18). Concentrations are also high SULE. : 0.20 S g CLAY \ kd —3o0°
organic material in solution, and, therefore, it is one of the most (-> Doy mg/l) in the ag"rlculf.ural area south of Lake Okeechobee. The Seassooe ) jg 7 S X  st. souns
common and useful measurer,nente; of water tiuality The concentra- hlgh_est lesolvet.i-solgds poncerl_trations in canal waters in south B > aé‘ \ A=
tion of dissolved solids is of major importance for any water used for Fl(lmda r primarily in drainage from wetlands used for agri- ) AR DN Broor -1 SO «
public consumption or for agricultural purposes. This atlas is oultural purppece. * Q- ! 4 . 28 \,\ %
designed to provide interested persons and agencies with a summary Tokd { I / k4
of dissolved-solids data from about 1,000 sampling sites in major aas @ 1.60 3 S CILCHRIST] " aLacHUA ) PUTNAM gl " /1
rivers, canals and springs in Florida. Estimates of dissolved-solids loads, in millions of tons per year, ~ E NG ! p ] = =
Material transported by streams is either dissolved or sus- discharging from Florida surface water into the Gulf of Mexico and iy n \_L -
pended. The load carried by surface water has been used to estimate the Atlantic Ocean are shown on the map. The average annual load . . . /. o
rates of denudation of the land surface by erosion (Dole and Stabler, discharging into these two bodies of water is about 13 million tons; of e 1'_Dls:e‘;él$g;§h;ﬁ c:’;;ﬂe;lt::;;?s ey e = S l——r? oyl R | ALy ~
1909; Livingstone, 1963; Judson and Ritter, 1964; Curtis and others, this, 6 million tons is delivered to the gulf and 7 million tons to the pring ’ c > ' N,
LEVY & o
1973). However, Judson and Ritter (1964, p. 3399) emphasized that ocean. The bulk of the load, 66 percent, is delivered by the St. Johns Average Average Average \)“\ & Q& ) A 4
the dissolved load may be greater than the suspended load under River (5.6 million tons), Apalachicola River (1.6 million tons), and Map load, tons  discharge concentration < 9 Y
certain conditions of climate and rock type. The region of the United the Suwannee River (1.4 million tons); the combined load of all other no. Spring per year (ft?/s) (mg/) - 140 ) = J
R States delineated by them as the “South Atlantic and Eastern Gulf of rivers represents 17 percent (2.2 million tons) of the annual load. 5 Wakulla Springs 60.000 390 158 H "\ %
29°— Mexico,” which includes Florida, had an estimated dissolved-solids Because load is a function of both flow and dissolved-solids 8 Ichatuckn% S gn 140,000 361 175 l
load of 175 (T/mi?)/yr, whereas the suspended-solids load was 139 concentration, changes in either or both parameters would be 10 Rainb. Se Springs 80,000 763 9 VoL USIA
(T/mi?)/yr. reflected in the load calculation. Load, flow, concentrations, and 1 Sﬂm ogv r_prmgs 210,000 820 261
Much of the material transported by surface water has a annual load per square mile of drainage area are shown on table 2 for 13 Bh:’eerS rl?ir:nsgs 1 35’000 162 823
destination in large bodies of water such as the Atlantic Ocean and selected stations. The load delivered by the Apalachicola River is 15 Homosgssags Fings 175'000 1062 1.490 ©
the Gulf of Mexico. Here, the accretion of solid material carried in high primarily as a result of the high volume of streamflow; but the 16 WeekiwacheepS En 30.000 176 169 -
suspension can build vast deposits, such as deltas, which will alter water is low in dissolved-solids concentration. The Suwannee River prings 2
the configuration of the coastline. The dissolved material, along with has much less volume of flow than the Apalachicola, but it has a 8Computed discharge for main spring only.
streamflow, govern the salinity balance of estuarine water and is a higher average dissolved-solids concentration, resulting in a high
major source of nutrient material for estuarine and marine load. The St. Johns River with both high flow volume and high
organisms. The concentrations, nature, and loads of dissolved dissolved-solids concentrations generates the greatest load. The
material are therefore of interest to marine scientists, hydrologists, loads calculated for the other ctations shown in table 2 are relatively
and pollution control officials. low by comparison, but also show the relation to flow volume and TABLE 2.—Dissolved-solids concentrations and loads for selected rivers and canals in Florida.
concentration.
NATURE AND SOURCE OF DISSOLVED SOLIDS . In order to compare rates of denudation of basins of different Average Average Average Yield, tons
In Florida surface water, the dissolved solids consist mainly of s;]ze, ylfﬁdi’tll? tontsepert"tslqualt'ie :}nle per yfiar, wi:,e (t:z:;lgl:})aﬁg.t’{)‘able 2 Map load, tons  discharge concentration per square mile
bicarbonates, chlorides, and sulfates of calcium, magnesium, sodium, e s Y LOT AOOH 32 RO no. Station per year (ft%/s) (mg/1) er year
. % i : Y . ’ ’ square mile per year for representative rivers and canals in Florida. A 8 peLy
and, in lesser amounts, potassium. The dominant ions and water A . . i ia Ri a
types in Florida surface water have been di d by Kauf The St. Johns River is atypical—the 4- to 10-fold larger yields are 1 Escambia River near Century 370,000 6,033 66 96 (104)
(g72) The water al. taz'i z;:)e teee h lscﬁsse y d Ef: man probably due to the dissolved-solids contributions of Silver Springs 3 Choctawhatchee River at Caryville 270,000 5,328 54 76
28°l s d:wii dr B s;)c&l)in 0S8 Car t;I(lea' iP 0sp. li’msv and nitrogen and leakage to the river of highly mineralized water from the 4 Apalachicola River at Chattahoochee 1,200,000 22,100 58 70 (64)
T s Ll S S o o i S 2 A 970, R e e e e
,  SU - f € 10). uwannee River at Branfor 0,000 ,920 161 126
:gﬁxdzf)unds are not usually principal constituents of the dissolved Loads carried by springs were computed only for springs 9  St. Marys River near Macclenny 40,000 689 69 64
The nature and concentrations of the dissolved . contributing substantially to rivers considered for this map. Of such 12 St. Johns River near DeLand 1,900,000 3,212 643 614 (583) OsCEOLA o
influenced by many interrelated factors: the clislio Z: ¢ Spec‘: S a]ie springs, Blue Springs adds about 135,000 tons to the annual load of 14  Withlacoochee River near Holder 190,000 1,146 181 104 ' o —128°
s whz,ch i eywater ot e.tation = i} > ylpe c:' lflt{c S the St. Johns River, Silver Springs about 210,000 tons per year to the 19 KlSsxm_mee River near Okeechobee 150,000 2,188 92 lndeterm}nate p \
dsorntion.d i Y g 1 » to otglca fa h“" 1E8, Oklawaha River, Ichatucknee Springs about 140,000 tons per year to 20  St. Lucie Canal near Stuart 470,000 1,105 439 Indeterminate > (o m
?, ﬁ;o!‘p (1lon- eS(:irp Hon profc]essesi, & en;lca concentration of the rain- the Suwannee River, and Wakulla Springs about 60,000 tons per 21 Peace River at Arcadia 190,000 1,212 208 138 N e L
?Il’ antS gl'Odlln -yvaﬂer ui OW: ﬁl‘l plut arf(;'n:;tl:l}? us;:lrlal z:nd I?umzf:}:)}?l year to the St. Marks River (table 1). 22 Myal.(ka _River near Sarasota 20,000 260 93 93 (( X i >
giss‘:ﬁ: edamnatzg:lm ratSunOtaio0 SREct e Claracteriacs ot the Canals are the main conduits for dissolved-solids discharge for 24 Tamiami Canal near Miami 50,000 252 238 Indeterminate RA 2
’ south Florida. The total load discharged by the canals to the ocean aData i th & . < INDIAN RIVER
PROCEDURE AND TECHNIQUES and the gulf is estimated to be 2,190,000 tons per year or 17 percent ata in parentheses computed from Leifeste (1974). (@) T = =~ MAIN 4,
of statewide annual load. The St. Lucie Canal of Martin County N '
Dissolved-solids concentrations in most Florida surface water (station 20) and the Caloosahatchee River in Lee County (station 23) - ~ g
can be estimated reliably by multiplying specific conductance by discharge about 470,000 and 550,000 tons respectively. The Caloosa- p— P s i o504 A i ey 0.047
factors ranging from 0.55 to 0.75 (Slack and Kaufman, 1973). Exam- hatchee River is a controlled river and,in this report, is considered to 229 :‘O :s o] 23200 OKELCHbBEE g
ples of dissolved solids—specific conductance relations for the St. be a canal. i L ‘ixp“”‘""’" ° | ol oo D \
Johns River near Cocoa, Fla., (station 17) and the Suwannee River at =] X' JCALGUIATED VALIES ° 9 0 8000 \9 8 st/ Lucie \
Branford, Fla., (station 7) are shown in figure 1. Dissolved-solids SUMMARY « SUWANNEE RIVER AT BRANFORD, FLORIDA ° o ?oo o 80 %’lo 19 ; \ 047
concentrations shown on the large map were determined by multi- . . Pty . a SO TIONTCORRRICENT_ 0580 0 00 00%00x00 ' A\
27 A . : Dissolved-solids concentrations in Florida surface waters show o '8 NS A, T00-0-0 e \
glg%ng I:herlﬁ?nn :epfmf;‘a %%r:)ductax};:_e at es:;:hc:atmn by a factor :;)sf considerable statewide variation. Concentrations are highest in the 2 T T e R Coepment 0s9) 2 wxgmggxg C e <
mad. atppbg ¢ laOO g' okt bseiea 1c fggou dnlc;’];neasuremzn. canal system of south Flerida, the St. Johns River basin, and most & 50000080 % of oo ©
coz:ls:ructziingl}:he ,maps A0S DELWEST, an were used.m major springs. Other Florida surface waters have concentrations of o ) 0% oogo | o > S
i . less than 200 mg/1. . ox0 00 [ 3
samqi}ilx? a:ﬁ;;%isr::}l;svlndls;‘?lvedﬂ:il;ds i‘}’lads were c:mputed for 517 About sixty-six percent of the annual dissolved-solids load is g @ PR N oK e 1> ~ Lake — 27
o dg rii o ir, the state. The ];;z.;.en h cflatienmajgr sbrea(rlns;l C‘;la ? carried to the Gulf of Mexico and Atlantic Ocean by the St. Johns, 3 0 ™3 Bsls o™ =
Pring : . cec onacis Apalachicola, and Suwannee Rivers. About seventeen percent of the g o0’ ® o Okeechobee
laboratory measurements of dissolved-solids residue at 180° Celsius annual load is carried by canals and 17 percent by the smaller rivers = ¢ 000 | 0 % GLADES
(Brown and others, 1970). Each station had at least 5 years of daily ’ z B 0] X 0 o] DEPARTMENT OF NATURAL RESOURCES
discharge data and a minimum of four dissolved-solids analyses SELECTED REFERENCES § o L= o’ | ;,;33{,0)50% B i [ ] .
annually for at least 5 years. Dissolved-solids loads contributed by 3 oo } 0 Sox| 0 BUREAU OF GEOLOGY i HEE TR/ VE.
springs were also considered, but the dissolved-solids and discharge Biesecker, J. E. @ 8 Ses™ } 208'0 ) s ﬁ;‘rc
values are less variable and consequently the criteria for selection of 1975 (and Leifeste, D. K.) Water quality in hydrologic bench 2 20 o ) This public document was promulgated at a total k S, 0.14
springs were not as rigid as those for streams and canals. marks—an indicator of water quality in the natural A~ o-— ——— 000t 584 cost of $789.95 or a per copy cost of $.39 for the % HENDRY )
The average annual dissolved-solids loads were computed for environment: U.S. Geol. Survey Circ. 460-E, 21 p. 8 o 00850 purpose of disseminating hydrologic data.
each station from a regression analysis of daily dissolved-solids loads Brown, E 2 000" 055
o e @ . 6 s Lo 1% 00 00000 it
ver?usldally dISCharg;:eaDalth dlssglvcid'?‘:ll}ds lloa(;is, lﬂtli(: dependtent 1970 (and Skougstad, M. W. and Fishman, M. J.) Methods for N o 0000
Zii;a da?i wdeirsi;‘::{;“i: ﬂg/ss a‘;gr(()) 0162703 1850 v:si'sr? ; tsonfzn {a- collection and cnalysis of water samples for dissolved 24 - = = = = o = — T &
ploté of d};ily dissglved-soli;is loatis ver’susc ?irell‘i’fy d‘i)schz:icrg; ang lﬂi ;—g:j;:izsa?igﬁ:i; gihgsoixf t;)rv;:igelai};niques e * 015
26° computed least-squares regression line for two stations are shown in Bt v ’ == ) SPECIFIC CONDUCTANCE,, IN. MICROMHOS PER CENTIMETER AT 25° C ¢ +
- fi 2. A regressi ti f the following fi devel urtis, w. I. . : . ) "
fo%lg:ch Statiglrl: 1on equation of the following form was developed 1973 (and Culbertson, J. K. and Chase, E. B.) Fluvial sediment Figure 1.—Relation between dissolved-solids load and spec;ﬁc conductance EXPLANATION 7
log (dissolved-solids load in tons/day) = (b x log Q) + log a discharge to the ocean from the conterminous United States: for the St. Jf)hns River near Cocoa, Fla. (station 17) and the 0.8
where Q is the daily discharge, a is the intercept, and b is the slope of U.S. Geol. Survey Circ. 670, 17 p. Suwannee River at Branford, Fla. (station 7). ESTIMATED AVERAGE CONCENTRATIONS COLLIER
the regression line. Annual dissolved-solids loads at the average Dole, R. B. OF DISSOLVED SOLIDS, IN MILLIGRAMS 26°
discharge rates for the period of record were computed by sub- 1909 (and Stabler, Herman) Denudation in Papers on the PER LITRE
Stlf]utlnlgt _t}ie _ave:}?ge dalllg dlSICh?ir lg)e gét; gle reglrfsstiond?ql}llatmn; conservation of water resources: U.S. Geol. Survey Water- 40928 0812 ~0227 0358 0944 1529 215 2700 3286
and multiplying the resulting load by 365. Annual loads discharge Supply Paper 234, 78-93 p.
at the mouth of the major basins were estimated from loads at Fil o P 0 OBSERVED iﬁf G x4 Lissqjthan 100 200-850
upstream stations using differences in drainage areas to estimate Judson, Sheldon. i ) . X CALCULATED VALUES % %00
additional inflow below the gaged site. The annual loads for the 1964 (and Ritter, D. F.) Rates of denudations in the United % APLACHICOLA RIVER AT CHATTAHOOCHEE, FLORDA X" 100-200 350-500
major streams and canals are shown on the large map States: Jour. Geophys. Research, v. 69, no. 16, p. 3395-3401. ° 370 siaiatiibult ovox = 000260
N x MYAKKA RIVER NEAI ARASOT DA =
Kauﬁnan, M. 1 & v (c%wieimosrwo ééait?cﬁwznm 0.99) 0o i 0
RESULTS 1972  The chemical type of water in Florida streams: Florida Dept. 2 ‘ of o8 58] L% Greater than 500
Concentrations Nat. Resources, Map Ser. 51. 2 | o | o %o
5 z | 0 00 X0 00 00X o
The estimated a trati f dissol lids i Leifeste, D.K. i : . A ‘ - s o
milligrams per liter fo:%ii’ed:zr&cr‘;:o:zv:);is;re slls"so(:;v‘rllegni‘})léifla;n 1974 Dissolved-solids discharge to the oceans from the con- ?, | 0200 6 0o 3033 = AVERAGE ILI\? %81\?8FP%I}§SY(}§IAVI§ED BOLIDS,
The minimum average concentration, 41 mg/l, is at the Yellow River terminous United States: U.S. Geol. Survey Circ. 685, 8 p. é e e e xx“ el
at Milligan in Okaloosa County (station 2); the maximum average Livingstone, D. A. a3 xx g0k !
25° concentration, 1,490 mg/l, is at Homosassa Springs in Citrus County 1963 Chemical composition of rivers and lakes in Data of & be " . - 230: L o8l 1,000-10,000 P00,000-1,000.000
(statll;m 15). e - geochemistry (6th ed.): U.S. Geol. Survey Prof. Paper 440-G, “5 o ox® °
verage dissolved-solids concentrations in surface water are G1-G64 p. o x | ©
generally less than 200 mg/l in central and western Florida. Slack. L. J § X o Vi 10,000-100,000 1,000,000-5,000,000
Concentrations generally were greater than 200 mg/l in the St. AP ‘ . . X X o X
Johns River basin and in subbasins south of Lake Okeechobee. A, Ot mans Mot e L $peczﬁc Sudiiesanca opliazr in S sl — T L e — 25
Estimates of average concentrations for stations in the St. Johus Florida streams and canals: Florida Dept. Nat. Resources, 8 o i 100,000-500,000 5,000,000-10,000,000 J
River basin ranged from 140 to 830 mg/l and at three stations Mo, Ser 08 x | XX ' 4
average concentrations exceeded 500 mg/1. Snell, L. J. X MA
The dissolved-solids concentration in water from Florida’s 1970 (and Anderson, Warren) Water resources of northeast 5 x| | Load 0.6 gIS“T’i‘O 'é‘EéD e LVED SO, TN MILTIONS P =
springs is highly variable with Rainbow Springs and Homosassa Florida: Florida Dept. Nat. Resources, Rept. Inv. 54, 77 p. 57 28 29 e 3553 a0 447 4740 009, o NS PER YEAR, DISCHARGED TO GULF
: pring
Springs representing the extremes (table 1). Concentrations in OF MEXICO OR ATLANTIC OCEAN z
individual springs, however, exhibit only minor variations with LOG OF [DISCHARGE;IN CBIC FEET. PER ‘SECOND WATER QUALITY DATA STATIONS %“ =
respect to time of sampling. . : : . Q
Figure 2.—Relation between dissolved-solids load and stream-flow for the Numbered Stations Referenced in Text, Tables, or Figures «2
Apalachicola River at Chattahoochee, Fla. (station 4) and the (‘)’)
Myakka River near Sarasota (station 22). e2 STREAM OR CANAL &2 0 10 20 30 40 50  MILES
o SPRING RIS R
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