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Relationship of Renal “Net  Acid” Excretion to Ti t ra table  Ash-Acidity 
(Ash-TA) in  Die t  and Feces.” (32354) 

MERRILL N. CAMIEN AND HARVEY C. GONICK 
Cedars-Sinai Medical Research Institute, Veterans Administration Center, and University of 

California Center for the Health Sciences, Los Angeles 

Recent studies concerning quantitative re- 
lationships between endogenous acid prduc-  
tion and renal “net acid” excretion have been 
referred to elsewhere( 1 ) , and earlier work in 
this area has been reviewed by Elkinton ( 2 ) .  
I t  is genlerally accepted that renal “net acid” 
excretion can be quantitatively evaluated in 
terms of urinary titratable acidity (TA) , am- 
monium and bicarbonate as represented in 
Equation 1 , Table I. However, evaluations 
of enldogenous acid prodluction have been un- 
satisfactory from both conceptual and rneth- 
wddogical standpaints. Goodman et aZ(3) 
equated endogenous acid production solely to 
the sum of valules for urinary sulfate and OT- 
ganic anions, although the earlier procedure 
of Relman et aZ(4) included also the calcu- 
lated value for acid phosphorus from the diet 
as a cmponent of thle endogenous acid pro- 
duction value. More recently, Lennon et aZ 
( 5 )  modified the method of W m a n  et d(3) 
by including the value of absorbed (dietary 
minus fecal) chloride and phosphorus minus 
absorbed sodium, potassium, calcium and mag- 
nesium as an additional component of the 
endoganous acid production value. All oif 
these procedures yield values which appealr 
to represent endogenous acid production under 
the described conditions (3-5) since the values 

*Supported in part by USPHS Grant AM 08523 
from Nat. Inst. of Arthritis & Metab. Dis. and in 
part ‘by Granit GRSG-SOL-FR05054. 

agree satisfactorily with renal “net acid” ex- 
cretion values for narmal, unstressed humin 
subjects. However, it has subsequently been 
pointed out( 1) that the values far urinary 
sulfmate and organic anions musk in’evitably 
constitute ccmpon’ents of the correspolnding 
renal “net acid” values regardless of emloge- 
nous acid production (see Equations 1-3, 
Table I) .  On this basis, it was shown(1) 
that an endogenous acid production value cal- 
culated as described by Lennon et aZ(5) must 
unavoidably tend to equal the corresponding 
renal “net acid” value, regardless of actud 
endogamus acid production, providing balance 
is maintained between mineral intake and ex- 
cretion. The same lmust also apply tD endoge- 
nous acid production values calculated as. de- 
smihed by Relman and his associates (3,4).  

Although there is no evidence that &her 
mineral intake or excretion can provide an 
adequate basis far estimating true endolge- 
nous acid production, the relationships shown 
in Equation 3, Table I, suggested that the 
renal “net acid” excretion value might be 
determined largely by mineral cmpsi t ion  
of the urine, and data presented earlier( 1 )  
verified (that the extent to which cation-form- 
ing mineral elements are absorbed from the 
gut can considerably influence the extent of 
renal “net acid” excretion. The present report 
is concerned with both cat ion-fol~ng and 
anion-forming mineral elemeuts in terms of a 
parameter which we have named titratable 
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TABLE I. Equations Relatiiig Renal ( Net Acid ’ ’ 
Value to Urinary Ash-TA Value. 

1. 
2. 

3. 

4. 

5. 

6. 

7. 

ineq ( ( Net acid ’ ’ = meq (TA + NH,+-HCO,-) * 
meq (TA + Na+ + K+ + Ca++ + Mg++ + NH,+ + OB H+) = meq ( SO4’ + HP04’ + H,PO,- + C1- + HCO, + OA-) t 
nieq ( ( Net acid ’ ’ = meq ( SO4‘ + HPO,‘ + 
H,PO,- + Cl-) - meq (Na+ + K+ + Ca++ + 
Mg++) + meq (OA--0B-H+) t 
nieq Ash-TA = meq (S + P + Cl) - meq (Na  

nieq Asli-TA = meq ( SO,: + HPO.,’ + H,PO,- + Cl-) - meq (Na+ + K+ + Ca++ + Mg++) + 
nieq ( ‘ Net acid ’ ’ = nieq ash-TA + meq (OA- 

nieq Asli-TA 

+ K + Ca + Mg)§ 

meq (08 + OP)  I I  

-0s-OP-0B.H’) 
nieq (TA + NH,+ + OS + O P  + OB 9 H+ - HC’O, - OA-) 

* TA designates titratable acidity of the urine 
measured by titration with standard base to blood 

t Symbols other than TA refer to ions in  urine 
which has been titrated to blood pH. OA- and 
OB H+ designate ions derived by deprotonation of 
organic acids and by protonation of organic bases, 
respectively. The TA value equals the value of 
cation introduced with the titrant. This equation 
must hold, therefore, if positive ionic charges bal- 
ance negative ionic charges in the titrated urine 

This equation is a rearrangement of Equation 
2. 

$ Symbols refer to urinary elements with Na, K 
and C1 evaluated at 1 meq/mmol, Ca, Mg and S at 
2 meq/mmol, and P at 1.8 meq/mmol. These eval- 
uations correspond to electrical charge values for 
ionic derivatives of these elements in  extracellular 
fluid at p H  7.40. The value of 1.8 meq/mmol for  P 
corresponds to the mean charge value for HP04’ 
and H,P04- in extracellular fluid( 4). 

11  Symbols refer to urinary ions except OS for 
urinary organic sulfur calculated at 2 meq/mmol 
of sulfur and OP  for  urinary organic phosphorus 
calculated a t  1.8 meq/mmol (on basis given in 
footnote $). 

PH- 

(1). 

ash-acidity (ash-TA) , calculated as indicated 
in Equation 4, Table I. This name is essen- 
tially descriptive since the ash-TA value cal- 
culated for a given sample of any biological 
material (urine, feces, foodstuffs) is thmeti-  
cally equal to the titratable acidity value of 
the ash (mineral residue) which would be 
produced by cornbustion of the sample( 6) .  
The experimental data indicate a close cm- 
relation between urinary ash-TA and renal 
“net acid” excretion values and suggest that 
renal “net acid” excretion relates more closely 
to net absorption of dietary ash-TA than to 
endogenous acid production. 

Methods. General quantitative procedures 
relating to use of metabolism cages, feeding, 
and colleotion of excreta were essentially the 
same as described previously( 7 ) .  The experi- 
ments employed 31 male and female 100-200 
g Wistar rats and 23 dietary regimens con- 
sisting of a )  Purina Laboratory Chow M d ;  
b) 66.5% sucrose, 4.6% corn oil, 23.1% 
purified casein, 0.4% purified vitamins, 5.476 
purified mineral salts;+ c) wheat germ meal; 
d )  90% egg yolk solids, 10% cellulose; e) 
90% milk solids, 10% cellulose: f )  one or 
more modifications of each of the preceding 
diets made by adding various mineral acids, 
mineral salts, L-methionine and acetamlamide 
either singly or in combinations. Ash-TA 
values were determined for diet, urine and 
feces essentially by titrating the ash produced 
by combustion of these products(6). Renal 
“net acid” was measured by the procedure of 
J@rgensen( 8) ,  and urinary “organic acids” 
were determined essentially as described by 
Van Slyke and Palmer (9).  

Results. Close correlations between urinary 
ash-TA and renal “net acid” excretion values 
were comistently foun’d. Such a correlation 
is readily evident in Fig. 1, which shows the 
daily excretions of bath renal “net acid” and 
urinary ash-TA for a representative animal 
maintained on Purina Laboratory Chow Meal 
with and without L-rnethionine supplemen- 
tation. The correlation for all urine assayed 
for both renal “net acid” and ash-TA (201 
urine specimRins from 31 rats on 23 different 
diets) is shown in Fig. 2. 

Renal “net acid” values were consistently 
somewhat higher than the colmespondbng uri- 
nary ash-TA values. The mean ( tS .D . )  
difference between the two values was 0.36 
t 0.13 meq/day in the 23 urine specimens 
represented in Fig. 1 anld 0.42 k 0.22 meq/ 
day in the 201 urine specimens represented 
in Fig. 2.  This difference was thus seen to 
be s m l l  and essentially constant relative to 

t Individual salts, in g per 100 g of diet, were: 
CaHP01.2H20 1.78, NaHCOs 1.68, MgSO4’7HzO 0.94, 
KHCOs 0.45, CaCOa 0.35, FeSO4.7Hd 0.13, MnCL. 
4H20 0.025, CuS04.5H,d 0.004, ZnS04.7Hz0 0.0017, 
and NaI 0.0003. Carbonates and bicarbonates were re- 
placed by equivalent amounts of ,the corresponding 
chlorides in modified diets. 
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FIG. 1. Daily renal “net acid” excretion (open circles) and urinary ash-TA excretion 
(solid circles) by a male Wistar rat maintained on 8.00 g of Purina. Laboratory Chow Meal per 
day with and without daily supplement of 1.50 mmole of L-methionine. The animal weighed 112.9, 
113.3, 113.3 and 112.4 g on days 0, 7, 16 and 26 (in morning before feeding), respectively. 

FIG. 2. Correlation between rend “net acid” and urinary ash-TA. Y = 0.324 f 1.042 X; r 
= 0.98. Values (meq/24 hr) for urines from 31 rats on 23 modifications of 5 different basal 
diets (see “Methods”). 

FLG. 3. Ash-TA bdance values for experiment described in Fig. 1. Intake levels are repre- 
sented by heavy horizontal lines (based on mean & S. D. of mean value of -31.4 & 0.4 meq% 
ash-TA found for 5 representative samples of Purina Laboratory Chow Meal, assuming 2 meq 
of S per mmole of L-methionine). Positive ash-TA excretion values (meq/24 hr )total in 
urine and feces) are plotted upward from the intake levels and negative values downward. Each 
circle above the zero line thus indicates a negative ash-TA balance value, and each circle below 
the zero line represents a positive ash-TA balance value. 

FIG. 4. Correlation between net absorption of ash-TA and urinary ash-TA excretion. Y = 
0.064 4- 0.969 X; r = 0.98. The not absorption values are calculated as ash-TA in daily ration 
minus ash-TA lost in feces. All values are in meq/24 hr. 
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variations in rend “net acid” excretion i m  
posed by changes in diet. Calculations from 
data shown in Table I1 suggest that most 
of the difference value is generally accounted 
for by the u&ay OA- value. 

Dietmy #ash-TA intake values correspond- 
ing to the urinary excretion values shown in 

Fig. 1 were balanced by urinary @us fecal 
ash-TA excretion values as shown in Fig. 3. 
The mean steady state balance values cor- 
responding to the data af Fig. 3 were -0.19, 
+0.19 and -0.06 meq of ash-TA per day 
for days 1-6, 9-18 and 20-25, respectively. 
Results of balance experiments With 12 

TABLE 11. Urinary Organic Anions Value aa Component of Difference Between Renal “Net 
Acid” Value and Urinary Ash-TA Value. 

Value Mean (k S.D.) daily excretion’ 
Days 1-6 Days 9-18 Days 20-25 

meq meq meq 
1. Rend “net acid9’t .50 k .06 2.82 2 .25 .38 k .12 

3. (OA-- 0s - OP - OB*H+) $ .44 2 .09 .25 k .07 .48 & .07 
4. meq ‘ organic aicids’ ’ t -60 2 ;08 .61 & .05 .70 k .13 
5. (0s + O P  + OB*H+)Q .16 k .02 .36 2 .07 .22 .15 

2. Urinary ash-TAt -06 2 .13 2.57 2 .22 -.lo 2 .15 

* Values correspond to data shown in Fig. 1. Day@ 1-6 (n = 6) and 20-25 (n = 6) represent 
period8 of stable excretion on diet of Purina Laboratory Chow alone. Days 9-18 (n = 9) repre- 
sent period of stable excretion on same diet supplemented with 1.50 mmole of L-methionine per 
day. 

t Experimentally determined values. 
t Calculated as renal “net acid’’ value minus urinary ash-TA value (see Equation 6, Table 

$ Calculated as “organic acids” value (assuming “organic acids” to be completely ionized 
1). 

at blood pH) minus the value of OA-- 0s - OP - OB *H+. 

TABLE 111. Ash-TA Balance in Rats Maintained on Semi-synthetic Diets.” 

I Ash-TA (meq/day) \ 

3-Day Diet ingested I n  urine 
period (g/day) In  diet I n  urine I n  feces + feces Balancet 

6 
7 
8 
9 

10 

11 
12 
13 
14  
15 

9.54 
9.41 
8.94 
8.94 
9.22 

8.16 
8.09 
7.84 
8.03 
6.88 

6.66 
7.75 
8.03 
7.36 
6.59 

Diet ash-TA E -16.0 meq 70 
-1.53 -.23 -1.42 
-1.51 -.22 -1.32 
-1.43 -.31 - .86 
-1.43 -28 -1.39 
-1.48 -.14 -1.16 

Diet ash-TA = +5.2 meq % 
+ .42 +1.35 -1.60 + .42 +1.56 -1.18 + .41 +1.35 - .97 

+.36 +1.36 - .97 
Diet ash-TA ’= +25.8 meq 70 

+2.07 +3.16 -1.01 

+1.70 +2.82 -1.09 

+ .42 +1.51 -1.43 

+1.72 f3.48 -1.59 
+2.00 +3.28 -1.35 

+1.90 +3.18 -1.30 

-1.65 
-1.54 
-1.17 
-1.67 
-1.30 

-.25 
+.38 
+.38 
+.08 
+.39 

+1.89 
+1.93 
+2.15 
+1.88 
+1.73 

+.12 + .03 
-.26 
+.24 
-.18 

+.67 + .04 
+.03 
+.34 
-.03 

-.17 
+.07 
-.08 + .02 
-.03 

~ ~~ ~~~ 

* Data from analyses of pooled specimens from 3 female Wistar rats (mean weight 228 2 4 
g on first day and 238 zk 1 g on laat day of total 45 day experimental period). The basal diet 
contained sucrose 66.5%, purified casein 23.1%, corn oil 4.6%, purified vitamins 0.4% and puri- 
fied mineral salts 5.470. Mineral composition (including mineral salts) except for chloride was 
constant as follows (values in meq 70 on same basis as in Equation 3, Table I ) :  Na  21.7, 
K 4.51, Ca 28.65, M g  7.62, Mn 0.26, Fe 0.96, Cu 0.03, Zn 0.01, P 28.4 and S 18.4. Chloride was 
adjuslted to values (meq %) of 0.85, 22.09 and 42.75 to yield ash-TA values (meq YO) of -16.0, 
+5.2 $and +25.8, respectively. 

t Mean (& S.D. of mean; n = 15) balance = 0.05 2 0.06 meq/day. 
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TABLE IV. A&-TA Balance in Rats on Semi-synthetic Diet Supplemented with Mineral 
Acids.“ 

3-Day Renal ‘net acid” Ash-TA balancet 
Ash-TA excretion (meq/day) 

period excretion (meq/day) In urine I n  feces (meq/day) 

Rats 1-3. Diet plus HCl. Ash-TA intake 2.96 meq/day. 
3.40 k .11 3.16 k .07 -.65 k .09 
4.16 k .09 3.76 k .07 
4.13 2 .12 3.53 k .09 

3.11 .05 2.84 k .06 -.33 * .05 
4.00 k .03 3.66 k . lo  
3.84 k .08 3.33 -e .01 

4.27 k . l9  3.64 k .13 - 5 3  * .01 
4.65 k .13 
4.21 ? .22 

9 9  

9 9  

Rats 4-6. Diet plus H,SO,. Ash-TA intake 2.96 meq/day. 

9 9  

9 9  

Rats 7-9. Diet plus H,PO,. Ash-TA intake 2.46 meq/day. 

3.97 & .09 
3.77 k .13 

I 1  

9 9  

+.45 k .02 

+.os f. .01 

+.45 2 .09 
-.38 .07 
-.04 k .04 

-.15 & .05 

-.15 2 .12 
-.49 & .08 
-.28 .13 

* Each tabulated value is a mean 2 its standard error. The 9 experimental rats were male 
Wistars of nearly equal weight (means were 190 k 2 g a t  beginning and 198 _+ 2 g at end of 
9-day experimental period). Diet was the same as in Table I11 except for adjustments of min- 
eral salts to bring basal ash-TA value to -0.54 meq %. Daily ration (completely consumed 
emh day) for each rat  was 8.00 g of basal diet mixed with 2.00 ml of water containing 3.00 
meq of the indicated acid. Urine collections were pooled over 3-day periods, and fecal collec- 
tions were pooled over the entire 9-day period. 

t Mean (4 S.D. of mean; nc= 27) balance = -0.07 k 0.07 meq/day. 

additional rats with d’ietary ash-TA intake 
varied iln different ways are s h m  in Tables 
I11 and IV. The correlation between net 
absorption of ash-TA (ash-TA in daily ration 
minus ash-TA lost in feces) and uninary ex- 
cretion of ash-TA for all balance experiments 
(all data for the 13 rats, 8 dietary regimens 
and 65 collection periods described in Fig. 
3 and in Tables I11 and IV) is shown in 
Fig. 4. 

Discussion. Ash-TA values are strictly de- 
fined by mineral compwition in terms of 
chemical elements which can be neither cre- 
ated nor destroyed by metabolism. Cow 
quently, if an organism is to mainttain its 
characteristic c mineral composition, its net 
absarption of dietary ash-TA, which can 
vary widely according to dietary mineral 
composition, must, in the long run, be bal- 
anced by its urinary ash-TA excretion. Evi- 
dence that such a balance is generally 
achieved by rats on diets of widely differing 
mineral composition is provided by the ex- 
perimental data (Figs. 3 and 4, Tables I11 
and IV). 

This tendency for urinary &-TA excre 
tion to m)atch net absorption of dietary ash- 
T A  over wide ranges of dietary intake creates 
a parallel tendency for urinary ash-TA values 

to correlate with corresponding r e d  “net 
acid” values which is readily evident from 
the experimental data (Fig. 1 and 2) .  The 
reason. for this is illustrated by equations in 
Table I. These show that each unimry ash- 
TA value (markedly ilnfluenced by diet corm 
p i t i o n )  constitutes a mjar component of 
the corresponding rend “net acid” value, the 
remaining components of which are relatively 
little influenced by the diet. 

Equation 1, Table I, represents the con- 
ven’tional definition of renal “net acid”( 1-6). 
Equations 2 and 3 follow beawe of rdahim- 
ships imposled by parity af opposing ionic 
charges in urine(1). Equation 4 constitutes 
a folrmal definlition of the parameter which 
we have n d  titratable ash-acidity (ash- 
TA). Equation 5 is an alternative d&niltion 
of ash-TA in terms of ions derivable (from 
the mineral elements and of organic sulfur 
and organic phosphorus. The two definitions 
(Equations 4 and 5)  are evidently equivalent 
if the assumptions are valid, as is generally 
presumed, that mne of the elements repre 
sented in Equation 4 exist in urine iln appreCi- 
able amounts as colnstitule;nlts of inorgank 
ions other than those represented in Equa- 
tion 5 and that none of the dements other 
than sulfur and phosphorus exist in the urine 
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in appreciable amounts in organic combina- 
tions. Since the ions in Equation 5 are repre- 
sented on the same basis as in Equation 3, 
the term in which the ions a p p r  may be 
eliminated by subtracting Equation 5 from 
Equation 3 to yield Equation 6, which indi- 
cates that the renal “net acid” value is equal 
to the urinary ash-TA value (markedly in- 
fluenced by diet composition) plus the value 
of the quantity, OA- - 0s - OP - 
OB . H + .  The value of the latter quantity 
equals the difference between the renal “net 
acid” value and the urinary ash-TA value and 
is largely accounted for by the urinary OA- 
value according to evidence presented in 
Table 11. The Table I1 data and related 
data in paragraph 2 of Resdts indicate that 
the value of OA- - 0s - OP - OB H+ 
in urine remains comparatively small and rela- 
tively constant over wide ranges of renal 
“net acid” excretion. 

Rearrangement of Equation 6, Table I, 
yields Equation 7, which reveals a significant 
analogy between the urinary ash-TA value 
and the renal “net acid” value (Equation 1, 
Table I) in that both contain a “true” acid 
value (TA, which is subject to evaluation 
by conventional acidirnetry) together with 
ather values concerning substances which 
may be regarded as either “potential” acids 
or “potential” anti-acids. The “potential” 
acid value of cations derivable by protona- 
tion of urinary bases ( N b +  from NH3, 
RNH3+ from RNH2, and OB O H +  from 
OB) has been discussed elsewhere( lo), and 
the “potential” acid value of organic sulfur 
(0s) and organic phosphorus (OP) is widely 
recognized ( 1-6). The “potential” anti-acid 
value of organic anions (OA-) and bicarbo- 
nate (HC03-) 3 is also generally recognized, 
and has recently been described as “pten-  
tial alkali” by Lennon et aZ(5). When renal 
excretion is considered in terms of substances 
actually removed from the organism, there- 
fore, (rather than of mechanisms involved) 

$ A major part of the deacidification normally 
expected to follow H C O s  administration cannot be 
realized until an equivalent amount of carbonic 
acid (as COZ) has subsequently been eliminated( 11). 
In this sense, the anti-acid potency of HCO3- is 
largely “potential” rather than “immediate.” 

it is evident that the r m l  “net acid” value 
and ithe urinary ash-TA value each consti- 
tutes an approximate evaluation of “pten-  
tial” acidity§ which has been removed from 
the organism by renal excretion. 

Summary. Titratable ash-acidity (ash-TA) 
has been described as an acid-base parameter 
which is based solely on mineral c o m p l t i m  
and may therefore be defined strictly in tern 
of biologically stable chemical elements. Re- 
nil “net acid” values were shown to consist 
of two components: 1) the urinary asih-TA 
value, which vamies markedly with d id  corn- 
position and remains genmdly equal to the 
value for net absqt ion  of dietary ash-TA, 
and 2 )  a relatively small and essentially con- 
stant quantity equal to the urinary organic 
anions value minus the values for urinary 
organic sulfulr, organic phosphorus and or- 
ganic cations. Mast of the secand component 
was accounted for by the organic anions 
value, so that the renal “net acid” values 
were generally slightly higher than the COT- 

responding urinary ash-TA values. The renal 
“net acid” values nevertheless remained 
closely correlated with the corresponding 
urinary ash-TA values and hence with the 
values for net absorption of dietary ash-TA. 
No basis was found for relating either ash- 
TA intake or excretion to true endugenow 
acid production; however, it was shown that 
b t h  ash-TA values and renal “net acid” 
values correspond Itheoretically to approxi- 
mate evaluations of “potential” acid. 

0 Suibstances represented by OS, OP and 0B.H’ 
have “potential” acidity and substances represented 
by OA- have “potential” mti-acidity only if they 
are metabolizable(3-$10). Since metabolizability 
is characteristic probably of many, but not necessari- 
ly all urinary substances represented by these sym- 
bols, neither the r e d  “net acid” value nor the 
urinary ash-TA value can be regarded as a theor- 
tically exact representation of “potential” acid ex- 
cretion. 

~~ 
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Determination of Titratable Ash-Acidity (-4sh-TA) .* (32365) 

MERRILL N. CAMIEN AND THOMAS J. REILLY 
Cedars-Sinai Medical Research Institute, Los Angeles 

Titrabble ash-acidity (ash-TA) is an aaid- 
base parameter based solely on mineral mm- 
position and &find strictly in terms of bio- 
logically stable chemical elements ( 1 ) . Ilts 
significance relative to renal “net acid” ex- 
cretion has been examined and described else- 
where( 1 ) .  By definition( l ) ,  its value may 
be calculated from separately detwminled 
values for Na, K, Ca, Mg, S, P a d  C1; how- 
ever, evaluation of asb-TA in this manner, 
unless the mineral valules are already at  hand, 
involves numerolus prmedutral operations in 
the required analyses. The present report 
describes. a relatively simple and essentially 
diilrect titrimetric procedure far determining 

Methods. Urine, feces and diet samples 
were the same as described previously(2). 
Determinations of sodium, phassiurn, cal- 
cium, magnesium(3) and sulfur(2) were as 
described. Chloride was measured ampero- 
metrically (4) . Phosphiorus and ash-TA were 
d&ermined as fdlolws. 

Principle of ash-TA determination. Corn 
bustiom of a sample of biological matmid in 
presence of a measured excess oif sodium 
carbonate removes organic and nitrogenous 
components and leaves mineral comIpnemts 
as residual ash (incidental sulfur losws are 
determined and corrected for, when neces- 
sary, as dewribled further on). Dissolving the 
ash in measured excess of dilute h y d r d m i c  

ah-TA. 
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acid with controlled heating decomposes car- 
bonates and hydrdyses meta- and pyrophos- 
phates, leaving cation-foaming elements as 
Na+, K+,  Ca++ and Mg++ and anion-form- 
ing elements as C1-, SO4=, H2P04-, HS04- 
and H3P04. Titration of the solution with 
sodium hydroxide to pH 4.5 (first endpoint) 
introduces additiolnal Na+ and converts 
HS04- and H3P04 to SO4= and HgP04-, 
respectively. Hence, when the first endpobnt 
of the titration is reached, each mineral elek 
ment in the titration mixturle is represented 
by onlly one ionic species, and the meq of 
cation-forming elements (iacluiding Na+ 
frolm titrant) necessarily equal the meq od 
anion-folrming dements at this point on the 
biasis (from ionic charge numbers) od 1 
rneq/mmole for Na, K, C1 and P and 2 
meq/mmolle for Ca, Mg and S. In  reaching 
this point, the surplus of anion-forming over 
cation-forming elements initially present be- 
cause of the C1 introduced as dilute hydro- 
chloric acid in dissolving the ash must be 
precisely cancelled by the amount of cation- 
forming element ad’ded as Na+ frolm the 
titrant during the course of the titration. 
Therefore, the meq of titrant required to 
bring the ash solution to pH 4.5 is equal to 
the initial surplus of anion_forming over 
cation-folrming mineral elements in the soh- 
tion on the - stipulated equivalence basis. 
Addition of excess neutral calcium chlaride 
solutioln and continuing the titration to pH 
8.5 (second endpoint) converts HzP04- to 
Ca3(P04)2 at  the expense of 2 meq of OH- 


