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Abstract: The urinary excretion rate is calculated based on short-term, defined time 

sample collections with a known sample mass, and this measurement can be used to 

remove the variability in urine concentrations due to urine dilution. Adjustment to the 

urinary excretion rate of hippuric acid was evaluated in 31 healthy volunteers (14 males 

and 17 females). Urine was collected as short-term or spot samples and tested for specific 

gravity, creatinine and hippuric acid. Hippuric acid values were unadjusted or adjusted to 

measurements of specific gravity, creatinine or urinary excretion rate. Hippuric acid levels 

were partially independent of urinary volume and urinary flow rate, in contrast to specific 

gravity and creatinine, which were both highly dependent on the hippuric acid level. 

Accordingly, hippuric acid was independent on urinary specific gravity and creatinine 

excretion. Unadjusted and adjusted values for specific gravity or creatinine were generally 

closely correlated, especially in spot samples. Values adjusted to the urinary excretion rate 

appeared well correlated to those unadjusted and adjusted to specific gravity or creatinine 

values. Thus, adjustment of crude hippuric acid values to the urinary excretion rate is a 

valid procedure but is difficult to apply in the field of occupational medicine and does not 

improve the information derived from values determined in spot urine samples, either 

unadjusted or adjusted to specific gravity and creatinine. 
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1. Introduction 

Several methods are used to adjust urinary indices in spot samples according to the 

concentration/dilution of urine. To avoid variations in the urinary concentration due to altered water 

contents, the urinary excretion rate (UER) was recently proposed as a method [1] and shown to be 

suitable for specific age and demographic categories [2]. The UER is uses short-term, defined time 

sample collections and is calculated by multiplying the analyte concentration in the urine by the 

volume of the void after bladder emptying and then dividing by the duration of time the void 

accumulated in the bladder, assuming the bladder was completely emptied after each urination and that 

the entire sampling void volume is known [2]. This method is based on the mass sample and removes 

the variability due to the concentration/dilution of urine, particularly for analytes that are affected by 

urinary flow [3].  

In clinical practice, the urine concentration of a solute is evaluated as a unit of volume (24-hour 

collection). On the other hand, several analytes measured in occupational medicine are excreted 

immediately after exposure, indicating that 24-hour collections could lead to underestimation of the 

results [4,5]. 

The collection of spot urine samples is the most common procedure used to assess chemical 

exposure at work. However, these samples are influenced by concentration/dilution due to factors such 

as renal physiology, the intake of foods and liquids, and perspiration.  

Among the methods used to adjust spot samples due to concentration/dilution, specific gravity (SG) 

and osmolality are influenced by significant amounts of sugar or proteins and may lead to highly 

erroneous results [6]. At present, the most common procedure is adjustment to the level of creatinine. 

The aim of the present study was to compare the adjustment of urinary levels of hippuric acid (HA), 

which is the main metabolite of toluene but can also be measured in non-exposed subjects because it is 

a final metabolite of several substances, to SG and creatinine with the adjustment to UER. Until 

recently, the UER has generally been applied to pesticides [1] and was shown to demonstrate good 

efficacy for monitoring exposure in children. The usefulness of UER in the field of occupational 

medicine, when applied to a large employed biological index of exposure such as HA, could help to 

avoid the reliability of concentration/dilution adjustment. 

2. Materials and Methods  

Thirty-one healthy volunteers (14 males and 17 females, 30.4 ± 2.9 years old) were recruited among 

PhD students and Occupational Medicine residents of the Department of Cardiologic, Thoracic and 

Vascular Sciences of Padua University. Volunteers were informed of the aim of the study,  

and informed consent was obtained. The subjects were asked to empty their bladders (a portion of this 

urine was collected and represented the spot sample), and accurate calculations were performed to 

assess the time and the volume between emptying of the bladder and the following micturition (short-term 



Int. J. Environ. Res. Public Health 2014, 11 7038 

 

 

sample). The UER was also calculated for this sample. All samples were collected during the morning. 

Portions of the spot and short-term samples were stored at −20 °C until the collection of all samples  

was completed. 

SG was determined using an AT315 URICON® refractometer (Tokio, Japan), and creatinine was 

measured by means of a Perkin-Elmer lambda 5 model spectrophotometer (Boston, MA, USA) and a 

commercial kit (Boehringer, Mannheim, Germany) based on Jaffè’s basic picrate method. HA was 

analyzed by means of high-pressure liquid chromatography (HPLC) [7], using a Kontron Instruments 

(Zurigo, Switzerland) HPLC  equipped with a UV Kontron HPLC Detector 430. Body mass index 

(BMI) was also determined for all subjects. 

Urinary HA in short-term and spot samples was unadjusted (HAun) or adjusted to SG (HASG) 

according to Elkins formula [6] and in relation to a SG standard of 1024 or creatinine  

(mg mmol creatinine−1, HAcn). Values in short-term samples were also adjusted to UER (HAUER), 

according to the Rigas formula [1]. 

Statistical analyses were carried out using Statsdirect 2.7.7 version software (Statsdirect Ltd, 

Altrincham, UK). The statistical evaluation was descriptive, if appropriate, or was performed using 

linear regression analysis (two sided). The 95% confidence interval (Fisher’s z transformation for r) 

was also determined. In all tests, a p value less than 0.05 was considered statistically significant. 

3. Results 

The age and BMI of the subjects, the concentration/dilution of urine in short-term and spot samples 

(defined by SG and creatinine) and the HA concentration (either adjusted or not) are reported in Table 1. 

Both types of samples showed, on the average, similar urine and HA concentrations. 

Table 1. Characteristics of the subjects and their urine and HA excretion in short-term and 

spot samples. 

 Mean ± SD Range 

Age (years) 30.4 ± 2.9 25–36 
BMI 21.5 ± 3.0 17.7–29 

 short-term samples spot samples 
 mean ± SD range mean ± SD range 

SG  1018 ± 9 1003–1032 1020 ± 7 1004–1033 
creatinine mmol l−1 12.6 ± 8.9 1.2–30.2 14.0 ± 7.6 1.4–31.8 

HAun mg l−1 390.8 ± 427.4 9–1683 505.9 ± 606.3 25–2146 
HASG* mg l−1 533.3 ± 644.3 58–3253 612.1 ± 858.4  67–3737 

HAcn mg mmol−1 49.1 ± 85.7 3–409 38.5 ± 51.2 4–221 
HAUER mg 332.7 ± 443.7 28–2379   

*adjusted to a SG standard of 1024. 

In short-term samples, the SG and creatinine levels were significantly inversely correlated with the 

urinary volume (r = −0.701, p < 0.0001, C.I. 95% −0.845 and −0.461 and r = −0.688, p < 0.0001,  

C.I. 95% −0.838 and −0.441, respectively) and UFR (r = −0.817, p < 0.0001, C.I. 95% −0.908 and 

−0.651, and r = −0.727, p < 0.0001, C.I. 95% −0.860 and −0.502, respectively) but not with the time of 

collection. Furthermore, contrary to what was observed for adjustments to SG, creatinine or UER, 
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HAun was significantly inversely correlated with urinary volume (r = −0.496, p = 0.0045, C.I. 95% 

−0.724 and −0.172) and UFR (r = −0.405, p = 0.0238, C.I.95% −0.664 and −0.059) but not with the 

time of collection. In addition, HAun was slightly, but significantly, correlated to creatinine (r = 0.435, 

p = 0.0145, C.I. 95% 0.095–0.684) and SG (r = 0.396, p = 0.0276, C.I. 95% 0.048–0.657) for  

short-term samples but not spot samples. 

Table 2 part A shows the correlation among HA-adjusted or non-adjusted values for spot vs. short-term 

samples, and the strongest correlation was observed for HA-unadjusted values in both samples  

(r = 0.817, p < 0.0001, C.I. 95% 0.651–0.908). 

As shown in Table 2 part B, the correlations among HA-unadjusted or -adjusted values were 

compared separately according to whether the metabolite was detected in short-term or spot samples. 

The correlations in spot samples appeared better than those in short-term samples, and the strongest 

correlation was observed between HA values adjusted to creatinine or SG (r = 0.985, p < 0.0001,  

C.I. 95% 0.968–0.993).  

Table 2. Correlation between HA excretion in spot and short-term urine samples 

unadjusted or adjusted to SG or creatinine. 

Part A Equation r p C.I. 95% * 

HAun spot vs. HAun short time y = 1.159x + 52.757 0.817 <0.0001 0.651–0.908 
HASG spot vs. HASG short time y = 1.060x + 46.596 0.796 <0.0001 0.615–0.897 
HAcn spot vs. HAcn short time y = 0.405x + 18.546 0.679 <0.0001 0.427–0.833 

Part B Equation r p C.I. 95% * 

HASG short time vs. HAun short time y = 1.208x + 60.964 0.802 <0.0001 0.625–0.900 
HASG spot vs. HAun spot y = 1.319x − 55.205 0.932 <0.0001 0.862–0.967 

HAcn short time vs. HAun short time y = 0.098x + 10.790 0.489 =0.0052 0.163–0.719 
HAcn spot vs. HAun spot y = 0.077x − 0.737 0.918 <0.0001 0.835–0.960 

HAcn short time vs. HASG short time y = 0.103x − 5.980 0.777 <0.0001 0.583–0.887 
HAcn spot vs. HASG spot y = 0.059x + 2.513 0.985 <0.0001 0.968–0.993 

*Fisher’s z transformation 

The correlation between HAUER and HA, either adjusted or not, in both type of samples is illustrated 

in Figure 1. The strongest correlation for analytes measured in spot samples was observed after 

adjusting to creatinine (r = 0.817, p < 0.0001, C.I. 95% 0.651–0.908) and in short-term samples was 

observed after adjusting to SG (r = 0.964, p < 0.0001, CI 95% 0.925–0.982). 

Finally, in data not shown, BMI was slightly correlated with SG (r = 0.360, p = 0.0469, C.I. 95% 

0.006–0.633) and creatinine (r = 0.424, p = 0.0173, C.I.95% 0.082–0.677) in spot samples but not in 

short-term samples, and sex appeared slightly inversely correlated to creatinine in spot samples  

only (r = −0.380, p = 0.0348, C.I. 95% −0.647 and −0.030). Age was not found to influence  

concentration-dilution parameters (SG or creatinine) in either type of sample. 
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Figure 1. First line: correlation between HAUER and HAun in short-term (left:  

y = 0.697x + 158.937, r = 0.723, p < 0.0001) and spot samples (right: y = 1.086x + 144.414,  

r = 0.795, p < 0.0001). Second line: correlation between HAUER and HASG in short-term 

(left: y = 1.399x + 67.645, r = 0.964, p < 0.0001) and spot samples (right:  

y = 1.452x + 128.947, r = 0.751, p < 0.0001). Third line: correlation between HAUER and 

HAcn in short-term (left: y = 0.167x − 6.306, r = 0.862, p < 0.0001) and spot samples (right: 

y = 0.094x + 7.099, r = 0.817, p < 0.0001). The 95% C.I. was calculated (Fisher’s z 

transformation) and shown for each correlation. 
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4. Discussion 

HA is a urinary metabolite that is used as a common biomarker of toluene exposure; this compound 

is derived from benzoic acid metabolism as a result of the conjugation of the carboxylic group of 

benzoic acid with glycine [8–14]. The high urinary background level of HA due to the consumption of 

several foods [15], as well as environmental exposure to fuel vapors containing benzene, toluene, and 

xylene, is the reason why this metabolite was selected to study the reliability of UER adjustment 

without the need to recruit toluene occupationally exposed subjects. 

Our results support the notion that adjustment to the UER is a valid method to avoid problems 

related to the concentration/dilution of urine for biological monitoring. Similar to traditional 

adjustment factors, adjustment to the UER takes into account the different behaviors of urinary 

metabolites (e.g., diffusion, active secretion, reabsorption). 

The concentration, but not the mass, of an analyte excreted over time by active secretion is affected 

by urinary flow [3]. When passive diffusion plays a major role in renal output, the rate of excretion is 

directly proportional to the diuresis and the rate of fluid passage from the kidney to the urinary 

bladder. Contextually, the concentration of xenobiotics in the urine is generally less dependent on 

urine production, as the process of diffusion is determined by the equilibrium of partial pressure in the 

urine and plasma and the excretion of ionic compounds is strongly influenced by urinary pH 

variations, depending on the rate of urinary flow. Owing to a low urinary flow (<1 ml min−1),  

excretion can dramatically decrease when substances are eliminated by diffusion and reabsorbed, 

whereas secreted substances and those not able to be reabsorbed may not be appreciably affected.  

For substances in which the excretion rate is influenced by the UFR (i.e., the concentration is less 

dependent on urinary flow), concentration adjustment with the SG may help to minimize the variability 

associated with urinary flow. 

These results confirm those of other studies showing that creatinine and urinary solutes are not free 

from the effects of urinary volume [16] and are highly inversely correlated with UFR [17]. 

Furthermore, our results support the notion that urinary volume affects [18] the unadjusted urinary 

concentration of HA, but not if it is adjusted to SG or creatinine. In fact, not all urinary analytes show 

the same behavior [19] because they may be not independent of creatinine content and thus are not 

independent of urinary dilution. The results of the present research also confirm [17] that SG and 

creatinine are inversely correlated with urinary volume and the UFR, whereas HA is only weakly, 

although significantly, correlated to these measurements. Interestingly, HA appeared to be related to 

the urinary concentration in short-term collection samples but not spot samples. Moreover, we 

observed that SG and creatinine were dependent on urinary volume and the UFR, whereas HA was 

partially independent of these measurements for short-term collections and completely independent for 

spot samples, as demonstrated by the lack of any correlation between HASG and HAcn with SG  

and creatinine. 

In addition, a strong correlation was observed between adjusted and unadjusted HA values in short-term 

and spot samples, and the correlation between HAun and HASG or HAcn in short-term samples was 

quite different from that observed for spot samples. In fact, in spot samples, these correlations were 

very high (r > 0.9), with a close correspondence between HASG and HAcn, whereas in short-term 

samples, the correlations were weaker, particularly between HAun and HAcn. The biological half-life of 
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HA is approximately three hours [20]. During timed collections, rapid excretion is likely influenced by 

the time between collections and especially the volume, as demonstrated by the inversely correlation 

between HAun and volume. This could be explained by the differences observed for correlations 

between HA adjusted or unadjusted values in spot samples compared to short-term samples. 

Uptake of HA from the plasma occurs via the organic anion transporter 1 along the basolateral 

membrane of the proximal tubule; thereafter, it is actively secreted in the urine [21]. Assuming that 

urinary flow affects its concentration, but not its mass [3], the application of UER adjustment related to 

mass [1] should remove the variability in the urine. In fact, HAUER, as well as HASG and HAcn, did not 

correlate with urinary volume or UFR, in comparison to HAun. On the other hand, HAUER was closely 

related to HAun, HASG and HAcn in both collection types. This result shows that adjustment to the UER 

does not improve, regarding HA, the values determined in spot samples. Furthermore, this procedure is 

difficult to apply in the field of occupational medicine, especially because values unadjusted or 

adjusted to SG or creatinine may be utilized differently. 

5. Conclusions  

In conclusion, our data clearly show that the adjustment of HA, and likely all anionic organic 

compounds actively secreted by the tubule, to UER is reliable. On the other hand, it is difficult to apply 

this approach in the field of occupational medicine, even if HAUER adjustment could be useful in a 

controlled trial. However, in agreement with previous reports [17,22,23], we believe that the use of 

spot samples adjusted to creatinine (or, in subjects not affected by tubular diseases, to SG) provides the 

best expression of crude values in occupational medicine, for evaluations of single individuals rather 

than a group. However, because creatinine levels vary according to age, sex, and race/ethnicity, as 

previously suggested [24], it is important that these values are compared with those of an appropriate 

reference group. 

Acknowledgement 

The authors are grateful to all the collaborators and colleagues who have volunteered for the research. 

Author Contributions 

All authors contributed equally to the writing of the experimental design. Annamaria Nicolli, 

Mariella Carrieri and Alberto Gambalunga performed the instrumental analysis. All authors 

contributed with constructive criticism to the final draft of the manuscript, which was approved by  

all authors. 

Conflicts of Interest 

The authors declare no conflict of interest.  



Int. J. Environ. Res. Public Health 2014, 11 7043 

 

 

References  

1. Rigas, M.L.; Okino, M.S.; Quackenboss, J.J. Use of a pharmacokinetic model to assess 

chlorpyrifos exposure and dose in children, based on urinary biomarker measurements. Toxicol. Sci. 

2001, 61, 374–381. 

2. Barr, D.B.; Wilder, L.C.; Caudill, S.P.; Gonzalez, A.J.; Needham, L.L.; Pirkle, J.L.  

Urinary creatinine concentrations in the U.S. population: Implications for urinary biologic 

monitoring measurements. Environ. Health Perspect. 2005, 113, 192–200. 

3. Boeniger, M.F.; Lowry, L.K.; Rosenberg, J. Interpretation of urine results used to assess chemical 

exposure with emphasis on creatinine adjustments: a review. Am. Ind. Hyg. Assoc. J. 1993, 54, 

615–627. 

4. Sedivec, V.; Flek, J. Exposure test for xylenes. Int. Arch. Occup. Environ. Health 1976, 37, 219–232.  

5. Tola, S.; Kilpio, J.; Virtano, M.; Haapa, K. Urinary chromium as an indicator of the exposure of 

welders to chromium. Scand. J. Work Environ. Health 1977, 3, 192–202. 

6. Elkins, H.B.; Pagnotto, L.D.; Smith, H.L. Concentration adjustments in urinalysis. Am. Ind. Hyg. 

Assoc. J. 1974, 35, 559–565. 

7. Buratti, M.; Caravelli, G.; Pellegrino, O.; Xaiz, D.; Valla, C.; Giampiccolo, R.; Colombi, A. 

Determinazione degli acidi ippurico e metilippurico mediante cromatografia liquida ad alta 

pressione: Confronto tra metodi cromatografici e colorimetrici. Med. Lav. 1988, 7, 489–499.  

8. Villanueva, M.B.G.; Jonai, H.; Kanno, S.; Takeuchi, Y. Dietary sources and background levels of 

hippuric acid in urine: comparison of Philippine and Japanese levels. Ind. Health 1994, 32, 239–246. 

9. Kawamoto, T.; Koga, M.; Oyama, T.; Kodama, Y. Habitual and genetic factors that affect urinary 

background levels of biomarkers for organic solvent exposure. Arch. Environ. Contam. Toxicol. 

1996, 30, 114–120. 

10. Phipps, A.N.; Stewart, J.; Wright, B.; Wilson, I.D. Effect of diet on the urinary excretion of 

hippuric acid and other dietary-derived aromatics in rat. A complex interaction between diet, gut 

microflora and substrate specificity. Xenobiotica. 1998, 28, 527–537. 

11. Alvarez-Leite, E.M.; Duarte, A.; Barroca, M.M.; Silveira, J.N. Possible effects of drinking and 

smoking habits on hippuric acid levels in urine of adults with no occupational toluene exposure.  

J. Occup. Health 1999, 41, 112–114. 

12. Christiani, D.C.; Chang, S.H.; Chun, B.C.; Lee, W.J. Urinary excretion of hippuric acid after 

consumption of nonalcoholic beverages. Int. J. Occup. Environ. Health 2000, 6, 238–242. 

13. Clifford, M.N.; Copeland, E.L.; Bloxsidge, J.P.; Mitchell, L.A. Hippuric acid as a major excretion 

product associated with black tea consumption. Xenobiotica. 2000, 30, 317–326. 

14. Mulder, T.P.; Rietveld, A.G.; Amelsvoort, J.M. Consumption of both black tea and green tea 

results in an increase in the excretion of hippuric acid into urine. Am. J. Clin. Nutr. 2005, 81, 

256S–260S. 

15. Krupp, D.; Doberstein, N.; Shi, L.; Remer, T. Hippuric acid in 24-hour urine collections is a 

potential biomarker for fruit and vegetable consumption in healthy children and adolescents.  

J. Nutr. 2012, 142, 1314–1320. 

16. Araki, S. Effects of urinary volume on urinary concentrations of lead, δ-aminolaevulinic acid, 

coproporphyrin, creatinine, and total solutes. Br. J. Ind. Med. 1980, 37, 50–54. 



Int. J. Environ. Res. Public Health 2014, 11 7044 

 

 

17. Trevisan, A.; Nicoletto, G.; Maso, S.; Grandesso, G.; Odynets, A.; Secondin, L. Biological 

monitoring of cadmium exposure: reliability of spot urine samples. Int. Arch. Occup. Environ. 

Health 1994, 65, 373–375. 

18. Araki, S.; Sata, F.; Murata, K. Adjustment for urinary flow rate: an improved approach to 

biological monitoring. Int. Arch. Occup. Environ. Health 1990, 62, 471–477. 

19. Cole, M.; Craft, A.W.; Parker, L.; Bell, S.; Seviour, J.A.; McGill, A.C.; Dale, G. Urinary 

creatinine adjusted reference ranges for homovanillic and vanillylmandelic acid in children and 

adults. Clin. Chim. Acta. 1995, 236, 19–32. 

20. Andersson, R.; Carlsson, A.; Nordqvist, M.B.; Sollenberg, J. Urinary excretion of hippuric acid 

and o-cresol after laboratory exposure of humans to toluene. Int. Arch. Occup. Environ. Health 

1983, 53, 101–108. 

21. Deguchi, T.; Kusuhara, H.; Takadate, A.; Endou, H.; Otagiri, M.; Sugiyama, Y. Characterization 

of uremic toxin transport by organic anion transporters in the kidney. Kidney Int. 2004, 65, 162–174. 

22. Trevisan, A. Concentration adjustment of spot samples in analysis of urinary xenobiotic 

metabolites. Am. J. Ind. Med. 1990, 17, 637–642. 

23. Carrieri, M.; Trevisan, A.; Bartolucci, G.B. Adjustment to concentration-dilution of spot urine 

samples: correlation between specific gravity and creatinine. Int. Arch. Occup. Environ. Health 

2001, 74, 63–67. 

24. Mage, D.T.; Allen, R.H.; Gondy, G.; Smith, W.; Barr, D.B.; Needham, L.L. Estimating pesticide 

dose from urinary pesticide concentration data by creatinine correction in the Third National 

Health and Nutrition Examination Survey (NHANES-III). J. Expo. Anal. Environ. Epidemiol. 

2004, 14, 457–465. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open-access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


