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INTRODUCTION Chloride is generally unaffected by chemical processes that alter the 82°00' 81° 50’ 81° 40' 81° 30’ 82°00' 81° 50' 81° 40' 81° 30"
g A o concentration of other constituents, and its circulation in the hydrologic
f'Thi Fl(lj\l/ildin aquifer is tile prllxllmpal source oflfreihwater in Duval County cycle is largely through physical processes. Thus, its areal distribution may l | I | | I | ]
( 1g..f ). . os wl::_tell;l- supply “l,je 3 pentetl"fltf; On()i’ _t ehuig’er 600 feet of t'he provide information about hydrologic and geologic conditions in the aquifer.
?r?\tzsg a‘z‘i::::iasl/i s{x;\:rl:i?atzjvitv}:iz i;;su ou:r elgotfe t?)efpt?}z zone.‘fEar ilﬁr For example, areas of large variations in chloride concentration may indicate EXPLANATION
At g;l i A . pp o efe te aqu4 er,l € conditions such as: (1) variation in geologic structure, (2) variation in lithol- S .
(i - y arflefs considerably. In mos z;lreas e water contains very low ooy (3) hollution, or (4) saltwater intrusion. EXPLANATION Total Hardness as CaCO; in milligrams per liter
tontc'en rations oh 1}111.orhgamc constituents whereas in other areas the concen- Figure 4 shows the chloride concentration of water from the upper part i it et ' TV 0
ra; lons:iaretm:llct M b e s ; : of the Floridan aquifer. Concentrations are less than 10 mg/L in the south- Dissolved solids in grams per liter o
& tr;l:ru erero aite;;ntllr:e . e.efzzea aftn utloln of the mi)lrgztm(;cfconstltluezlt; west part of the county; 10 to 20 mg/L in the central and southeast parts; D {san that 900 200-250
e aquifer, water samples were collected from selecte ; ;
wells thfgu }?out Duval C((l)unt and anal; zgd for common chemic: lcim tit- and gl 0 i AT e e O ORDE ORI e o000
b i & h i y : f}t, = 5 L BLns s 40 mg/L are located in east-central and coastal Duval County. 200-300 300:350
ue;‘lhs. . l(‘;’ £l dpresgn S re:}:l = O'th :}:‘ S(t)l}t Y. T T e, The National Secondary Drinking Water Regulations recommend a limit 300-400 i
- sf; {)liwas olfe i coolf)era lon with the Lity of Jacksonvile, Lepart-  of 950 mg/L. chloride concentration where sources of better quality are R B 00500 30030 |— Greater than 350
m?;;t of Public Works, and the Department of Health and Bio-Environmen-  ,o.:3h]e (U.S. Environmental Protection Agency, 1977). This limit is based 30°30 ¥ =
kel DRrvices: upon taste perception rather than upon ill effects to health (National Acad- ]  Greater than 500 b Welllpenetfratm% upper 600 feet
emy of Sciences and National Adademy of Engineering, 1972). Recommended ; OnPCSS0aqULEL.
CONVERSION FACTORS i ! 2 3 : : ; ® Well penetrating upper 600 feet
limits of chloride for some industrial and agricultural uses are listed in table 1. e lgss of aqui%erpp 230 a Well penetrating between 600 and 900 feet
For readers who prefer to use metric (SI) units rather than inch-pound i of aquifer. Number is hardness
units, the conversion factors for the terms used in this report are listed below: Chemical Types 3554  Well penetrating between 600 and 900 feet concentration in milligrams per liter.
Multiply inch-pound unit By To obtain metric units The cl{emical type of wa.ter dCtterm-ined from a chemical ?naly‘sis is a rep- Z(f);(ilxi::tg:r;lber.]lls. dl:;::vzci ;‘;1;:_15 —— 30 —— Line of equal percent—shows
foot (£t) 0.3048 meter (m) resentation of the predominant ions in the sample. The delineation of types 8T p J noncarbonate hardness as a
mile (mi) 1.609 Lilbmsster flcin) over a large area .wil.l, therefore, effectively group those waters of similar percentage of total hardness.
chemical composition.
In order to determine the water type from a chemical analysis, the pre-
CHEMICAL QUALITY MAPS dominant ions are first determined. The method is the same one used for
Between 1977 and 1980, water samples were collected from 211 wells that  plotting data on trilinear diagrams (Piper, 1944). The water type is then
penetrate as much as 900 feet of the upper part of the Floridan aquifer. ~ found by combining the predominant cation with the predominant anion.
Eighty percent of the sampled wells penetrate less than 600 feet of the aqui- The areal distribution of the predominant ions and the resulting water
fer. Analyses of water from these wells were used to delineate the areal dis-  types are shown in figure 5. Calcium is the predominant cation in central
tribution of water quality. Data from wells penetrating more than 600 feet and extreme southwest Duval County. A calcium-magnesium mixture pre-
are also shown on the quality maps, but were not used in determining the dominates over the northern, south-central, and extreme southeastern parts.
water -quality patterns. The four maps in this report show: (1) dissolved solids Sulfate is the dominant anion in the southeastern and central parts of the
concentration, (2) total and noncarbonate hardness concentrations, (3) chloride ~ county, and bicarbonate in most other areas. A bicarbonate-sulfate mixture
concentration, and (4) chemical types of water. of anions is found in extreme northern Duval County, and along the interface
between the bicarbonate and sulfate areas.
Dissolved Solids Chloride is not a dominant ion in the upper part of the aquifer. It comprises £ @
s ; less than 10 percent of the anions in most of the wells sampled. Only 13 ' .
All natural waters contain dissolved substances. Rainwater absorbs gases  yells yield water that contains chloride of 20 percent of the anions or more. 30°20 [— 30°20 — —
from the atmosphere; additional substances are then dissolved by biological  Thege sites are indicated in figure 5, and are all located either in east-central g
and chemical processes as water percolates into the soil and moves through  pyuval County or along the coastal areas.
the subsurface. The amount of these dissolved substances in water is indi- Different combinations of the predominant cations and anions result in B
. . . . . . . alawin
(s:ﬁfc?sk;zdti}:;til:sﬁzegiizlrl:f:ﬁ:ﬁ:ﬁ;ﬁ::ﬁt?h:fa;izgl:rtlﬁzt;;ﬁ;fefl:;:gﬁ? six chemical types of water in the Floridan aquifer in Duval County. These L e
+ six types of water are:
In Duval County, the dissolved solids are comprised mainly of calcium, é"pl Tt rsiein
magnesium, bicarbonate, and sulfate. aiciinbicarbonate
Figure 2 shows the dissolved solids concentration of water from the Floridan Calcium bicarbonate-sulfate y
aquifer. Concentrations range from less than 200 mg/L in the extreme south- Calcium sulfate
west part of the county (determined from studies in adjacent counties) to Elo i st Hisnibonaie
more than 500 mg/L in the southeast part. : & ] i
Excessive dissolved solids are objectionable because of possible health Calcium-magnesium bicarbonate-sulfate t IZ
effects, mineral tastes, corrosiveness, and the necessity for treatment of the Calcium-magnesium sulfate 7 7
g‘;}zh;ﬁg;halng wat((-izr Su%;l_y (psﬁré:;r;zmeniél Pmt:cn;)jiuf:ﬁn;gé 197;51); Water in western and east-central Duval County is a calcium bicarbonate 8 8
econdary Drinking Wa gulations set a S type. In the south-central part, the water is a calcium-magnesium bicar- 0 0
dissolved solids concentration where other less mineralized sources are avail- : . : : :
able (U.S. Environmental Protection Agency, 1977). Recommended limits of PoRats Wr Wa}ter = north.e Sty D}lval Caunty 12 calcmm-magne'smn'l Piuan: id id @
! 5 lids f e s 7 ’1 1' fisted i bebls 1 bonate and calcium-magnesium bicarbonate-sulfate types. Dominating the W L
ﬁsso ved lso S for SOmE uls flalan algrlcu tural uses ar;ei Srecamilabe southeast and central parts of the county are calcium sulfate and calcium % %
ost analyses of water sampled were below recommended limits. bicarbonate-sulfate type waters. 5 a
Hardness SUMMARY . L
e . LAY COUNTY
Water hardness is caused by polyvalent cations, primarily calcium and This report describes the water quality in the upper 900 feet of the Floridan Sk DL
magnesium. The calcuim and magnesium carbonates and sulfates are the  aquifer in Duval County. In general, the southwest part of the county has
most common natural sources of water hardness in Duval County. the lowest concentrations of dissolved solids, chloride, and total and noncar- 30° 10" — 30° 10' —
Total hardness is defined as the sum of all polyvalent cations present in  bonate hardness. The concentrations of these constituents increase toward i
solution, each expressed as the equivalent quantity of calcium carbonate. the north and east. The southeast part of the county has the highest con-
p q
Carbonate hardness is that portion of the total hardness chemically equivalent  centrations of dissolved solids and total and noncarbonate hardness. Areas
to the dissolved carbonate species. Carbonate hardness is numerically equal  of relatively high chloride concentration exist in east-central and coastal 0] | 2055 s SEEMIIEES 0 | 2 3 4 5 CMIEES
to alkalinity. Noncarbonate hardness is that amount of the total hardness in Duval County. Six different chemical types of water are found in the county. freem | i Jiwwis 4] | (R L L | 2
excess of the carbonate hardness. Thus, carbonate hardness plus noncarbon-  The most prominent is a southeast to northwest tongue of calcium sulfate
ate hardness is equal to the total hardness. and calcium bicarbonate-sulfate water that extends from southeastern Duval
The areal distribution of total hardness shows patterns and variations in County into the central part of the county.
the major cations (calcium and magnesium). The distribution of the major
:nions (bicall')bonatte, stclllfate, anl()i chtori}(li:)dcan berhown byldif.ferentiatirfg REFERENCES CITED 1 ST JOHNS COUNTY ST JOHNS COUNTY
etween carbonate and noncarbonate hardness. For example, increases in : s )
bicarbonate relative to sulfate and chloride increase the carbonate portion of Amer(;c)alll\IZVatYe; ?%ﬁ%ﬁ:@oﬁﬁlogéiiﬂv Water quality and treatment (3d
the total hardness. In th i in sulfate and chloride relati LB s : ; ! : : Figure 3.— i
Figure 3 shows the total hardness and the noncarbonate hardness (as per- D ?ess é)f local zagr'iuppgzsf;lll‘axll;:Z' vPil,)l? A 827{ il i f the 10
cent of total hardness) of water from the Floridan aquifer. The total hardness urlor, 'N'.’ L ﬁc {’]r’. dlS t, ¢ 1’962_ UCSW(’? eli Sl.lpli Se ke V“; " 0 G \ & ! & ' o 1 5 \ . ! .
distribution is similar to the pattern of dissolved solids concentration. Total Sargeit ‘;tll‘:s Hllstl 29 3;4“9 ates, : U.S. Geological Survey Water- 82° 00 8l I50 8l |4O 8l I30 82°00 81° 50 8I° 40 81° 30
hardness in the southwest third of the county is less than 200 mg/L. The ERD YL aboy ¢ b : ) - S
hardness in most other areas of the county ranges from 200 to 300 xfg/ L, but Eaehr &0 Pf?lffer' G, 0. Paperl, V.5, 1.9 15 Relatlonshlp‘of c%rmkmg | I I I l
concentrations as high as 430 mg/L are found in the southeast part. water quality (ha_rdness-§0ftness) tﬁo f:ardlovascular mortality in New-
The noncarbonate contribution to the total hardness is less than 30 percent M f.oun‘dlalgxd: Canadian Mec}lcal Assoc1gt10n ;ilo urnal, l‘; 1318' . Bulleti
in the southwest part of the county, more than 40 percent in the extreme as\ler(z:H,d Hé }3}??5 Tr:;:e ssgneniso an 3;?3;‘;"38(:“ oo L e EXPLANATION
: al rganization, v. 40, p. -312.
2:;:?:{ : a?:;t’ ginetTand dUiko St gl S0 LR PRV ARl o McKee, J.E., and Wolf, H.W., 1963, Water quality criteria (2d ed.): California BARELS S Bicarbonate predominai‘:es, including more than
There have been many attempts to classify water according to its hardness. State Water Quality Control Board Publication 3-A, 548 p. Chloride in milligrams per liter 50 percent of total anions.
The classification used by the U.S. Geological Survey (Durfor and Becker, National Academy of S§lence§ an‘d NatIOI}al Academy of Engineering, 197 2 . Mixture of bicarbonate and sulfate, neither including
1964) and that used by the U.S. Environmental Protection Agency (1976) are [1974], Water quality criteria, 1972: U.S. Environmental Protection [] Lessthan1o = more than 50 percent of total anions.
tamilated halov: Agency Report EPA R3-73-033, 594 p. 10-20
; Piper, A.M., 1944, A graphic procedure in the geochemical interpretation of Sulfate predominates, including more than 50 percent
Desorn TR /L CaCO water analyses: American Geophysics Union Trans., v. 25, p. 914-923 L ' - of total cations
JVa25.1; 5 Foite Al iy N oyt .
e i EP Aa 5 U.S. Environmental Protection Agency, 1976 [1977], Quality criteria for water: 30°30 - 30-40 30°30 Mixt £ calci d . Vo incli e
UsGs Washington, D.C., U.S. Government Printing Office, 256 p. - Greaterthaniid []II:[I ix uret }cl) ca; :):mm an A n;aggxéefmr;{, neither including
Soft 0-60 0-75 19717, National secondary drinking water regulations: Federal Register, ket s R e
Moderately hard 61-120 75-150 v. 42, no. 62, Thursday, March 31, 1977, Part I, p. 17143-17147. ® Well penetrating upper 600 feet In areas lacking vertical lines, calcium predominates,
Hard 121-180 150-300 or less of aquifer. including more than 50 percent of total cations.
Very hard >180 >300 104  Well penetrating between 600 and 900 feet ®  Well yielding water with chloride concentration
ifor. e ekl : :
Detrimental effects of hard water include excessive soap and detergent zigcll:tztil:xl:zbzfifﬁgias;ﬁr litor BRERCULGE 30 pereent of. tatal axioup.
consumption, formation of scale deposits, yellowing of fabrics, and toughening £ ’ Location of well sampled.
of vegetables when cooked. Detrimental effects of soft water include increased
corrosiveness and possible harmful effects on human health (Crawford and 7
others, 1968; Masironi, 1969; National Academy of Sciences and National
Academy of Engineering, 1972; and Fodor and others, 1973). Present in-
formation is insufficient to balance the desirability of setting a limit for
hardness against the potential health risk of soft water. Therefore, a limit
was not recommended in the National Primary or Secondary Drinking Water
Regulaions (U.S. Environmental Protection Agency, 1977).
The relative amounts of carbonate to noncarbonate hardness is an impor- EXPLANATION Jiar |
tant factor in industrial processes and in municipal water softening. In
general, carbonate hardness causes fewer problems, and is easier and less . DUVAL COUNTY N %
expensive to remove than noncarbonate hardness (American Water Works <
Association, 1971). Recommended limits of total hardness for some industri-
al uses are listed in table 1. f
J
Charide O 50 MILES 4 30°20' [— 30°20' |— e
Chloride is present ‘in all natural water. Most chloride in ground water S oo 2
comes from dissolution of minerals in the rocks, activities of man, and in-
trusion of seawater into the aquifer. Figure 1.—Location of Duval County, Florida.
I
Table 1. —Recommended limits of dissolved solids, total hardness, and chloride in water > >
for selected industrial and agricultural uses E ;
) 5
[From McKee and Wolf, 1963] 8 8 '
Dissolved solids, Total hardness, Chloride .
Use mg/L mg/L as CaCO, mg/L 5 Ej
Brewing, general 500-1,500 200-300 60-100 % : %
Carbonated beverages 850 200-250 250 ¢ H
Dairy industry — 180 30 L
Food equipment washing 850 10 250 CLAY COUNTY EEAY COUNTY
Pulp and paper processing water
Ground wood pulp 500 200 75 30° 10" |— 30°10' |—
Soda and sulfate pulps 250 100 75 COLOGIAD
.. GeOLOG/
Kraft paper, bleached 300 100 200 o> RESTON?Aé‘ISO/P
Kraft paper, unbleached 500 200 200 0 | 2 3 4 5 MILES 0 | 2 3 4 5 MILES %
Fine papers 200 100 = | ] [ ] J L ] ] (] ] . ;
Textile manufacture — 0-50 100
Irrigation 700 = 100 /
Stock watering 2,500 - 1,500 B
ST JOHNS COUNTY | ST JOHNS COUNTY

Figure 4.—Chloride concentration.
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Figure 5.—Chemical types of water.
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